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SUMMARY 

This assignment investigates the gender and faculty remuneration gap of permanent full-time 

teaching/research staff members at Stellenbosch University. A dataset providing detailed information 

on teaching/research staff members over the period 2002 through 2005 was used. Several statistical 

techniques were employed to assess the extent and causes of the remuneration gap in academic 

positions at the University. 

The univariate properties of the remuneration and age variables were studied by exploratory data 

analyses. Boxplots were constructed for the remuneration and age distributions of permanent full-time 

teaching/research staff at the University and according to faculty and gender for 2002 and 2005. An 

approximate 95% confidence interval was computed for the median of each of the distributions and is 

indicated by a notch on each of the boxplots. The notched boxplots reflect clear differences in the 

increase of the median and average remuneration between the various faculties. These differences 

are mainly caused by different age and gender profiles and different rank structures in the various 

faculties. The retirement of older staff members earning high salaries and new appointments also 

influence the position of each faculty differently. The univariate age distributions of the University and 

of each faculty were also investigated by constructing notched boxplots. These graphical displays 

reveal clear differences between the medians of the various faculties. Notched boxplots constructed 

for the remuneration distributions of male and female staff members indicate that a general pattern 

occurs between the distributions for men and women. These graphical representations reveal that the 

median and average remuneration of men is throughout higher than that of women. This holds for 

2002, 2003, 2004 and 2005 in all nine faculties. The same pattern occurs in the notched boxplots 

reflecting the age distributions of men and women. The median and average age of men is 

throughout higher than that of women. 

Non-parametric kernel density estimation is used to estimate the underlying densities of the 

remuneration of each of the faculties and of male and female staff members within each faculty. Most 

of the properties of the underlying remuneration distributions that were revealed by the boxplots are 

also reflected by the density estimates. For this study it is advantageous to use non-parametric data 

driven density estimates instead of parametric estimates like the normal distributions, because many 

of the remuneration distributions are skew. The probabilities to earn more than the remuneration 

values at the main peaks were calculated for each density function by numerical integration 

techniques. Higher mean earnings for men are reflected by the estimated distributions for men that lie 

more to the right than the distributions for women. This result holds for all teaching/research staff 

members at the University and for each faculty for 2002, 2003, 2004 and 2005. Promotions, new 

appointments and salary increases that occurred over the four years are reflected by density estimates 

that became wider with heavier tails and main peaks that moved towards higher remuneration values 

from 2002 to 2005. 
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The main goal of this study is to determine which factors are responsible for the difference between 

the remuneration of male and female teaching/research staff members. A better understanding of the 

relationships among these variables is obtained by conducting a multivariate analysis on the dataset. 

The univariate notched boxplots did not take the relationship between age and remuneration into 

consideration. The notched boxplots of age and remuneration for the Faculties of Science, 

AgriSciences and Health Sciences indicate that there might be a relationship between remuneration 

and age. This relationship is investigated by constructing bagplots for each faculty as well as for male 

and female teaching/research staff members at the University and within each faculty. The bagplot 

provides a summary of the properties of the underlying bivariate distribution of remuneration and age. 

The remuneration dataset consists of the following five variables: remuneration, age, rank, academic 

qualifications and research outputs of teaching/research staff members. The relationships among the 

variables are studied through construction of principal component analysis biplots. These biplots 

reflect the multivariate variation of the nine faculties and of male and female staff members in the 

remuneration dataset for 2005. The multidimensional change in the remuneration dataset from 2002 

to 2005 was measured by constructing canonical variate analysis biplots with superimposed alpha

bags. Canonical variate analysis biplots provide a two-dimensional display that separates the nine 

different faculties as well as male and female teaching/research staff members optimally. For the nine 

faculties 90% alpha-bags were superimposed to indicate the location of each faculty and to quantify 

the overlap or separation between the different faculties. In the canonical variate analysis biplots for 

male and female staff members 50% alpha-bags were used. Canonical variate analysis biplots with 

superimposed 50% alpha-bags were also constructed for teaching/research staff members with the 

ranks of Junior Lecturer and Others, Lecturer, Senior Lecturer, Associate Professor and Professor. 

However, canonical variate analysis biplots can only be constructed if the assumption of equal within 

group covariance matrices holds. If this assumption does not hold an analysis of distance biplot can 

be constructed to investigate group or class differences. 
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OIPSOMMING 

Die vergoeding van permanent-voltydse onderrig/navorsingspersoneel (C 1-personeel) by 

Stellenbosch Universiteit word in hierdie studie statisties ontleed. Daar word spesifiek gekyk na 

verskille in die vergoeding van manlike en vroulike personeel asook verskille in die vergoeding van die 

onderskeie fakulteite. 'n Datastel wat die totale koste van indiensname, voor enige aftrekkings, van 

permanent-voltydse onderrig/navorsingspersoneel bevat vir Desember 2002, 2003, 2004 en 2005 is 

deur die Afdeling Menslike Hulpbronne voorsien. Verskeie statistiese tegnieke is gebruik om die 

omvang en oorsake van die verskille in akademiese posisies by die Universiteit te ondersoek. 

Die enkel-veranderlike eienskappe van die vergoeding en ouderdom veranderlikes was ondersoek 

deur middel van beskrywende data analises. Hauer-en-punt stippings is gekonstrueer vir die 

vergoedings -en ouderdomsverdelings van permanent-voltydse onderrig/navorsingspersoneel by die 

Universiteit volgens fakulteit en geslag vir 2002 tot 2005. 'n Benaderde 95% vertrouensinterval is 

bereken vir die mediaan van elk van die verdelings en is aangedui met a kerf op elk van die houer-en

punt stippings. Die houer-en-punt stippings reflekteer duidelike verskille in die toename van die 

mediaan en gemiddelde vergoeding tussen die onderskeie fakulteite. Hierdie verskille is hoofsaaklik 

die gevolg van verskillende ouderdoms en geslagprofiele en verskillende rangstrukture binne die 

onderskeie fakulteite. Uitdienstreding van personeel en nuwe aanstellings wat gemaak word 

be"invloed oak die posisie van elke fakulteit verskillend. Die enkel-veranderlike ouderdom verdelings 

van die Universiteit en van elke fakulteit is oak ondersoek deur houer-en-punt stippings te konstrueer. 

Hierdie grafiese voorstellings reflekteer duidelike verskille tussen die mediane van die onderskeie 

fakulteite. Hauer-en-punt stippings wat gekonstrueer is vir die vergoedingsverdelings van manlike en 

vroulike personeel dui aan dat 'n algemene patroon voorkom tussen die verdelings van mans en 

vroue. Hierdie grafiese voorstellings onthul dat die mediaan en gemiddelde vergoeding van mans 

deurgaans hoer is as die vir vroue. Dit geld vir 2002, 2003, 2004 en 2005 in al nege fakulteite. 

Hierdie patroon kom oak voor in die houer-en-punt stippings wat die ouderdomsverdelings van mans 

en vroue reflekteer. Die mediaan en gemiddelde ouderdom van mans is deurgaans hoer as die van 

vroue. 

Nie-parametriese digtheidsfunksieberamings is gebruik om die onderliggende digtheidsfunksies van 

die vergoeding van elk van die fakulteite en van manlike en vroulike personeel binne elke fakulteit te 

ondersoek. Die digtheidsfunksies reflekteer verskeie van die eienskappe van die onderliggende 

verdelings wat deur die houer-en-punt stippings onthul is. Dit was voordelig om vir hierdie studie nie

parametriese data gedrewe digtheidsfunksieberamings te gebruik in plaas van parametriese 

beramings soos die normaal verdelings aangesien baie van die vergoedingsverdelings skeet is. Die 

waarskynlikhede om meer te verdien as die vergoedingswaardes by die hoof modusse is bereken vir 

elke digtheidsfunksie met behulp van numeriese integrasie tegnieke. 'n Hoer gemiddelde vergoeding 

vir mans word gereflekteer deur die beraamde verdelings vir mans wat meer na regs gelee is as die 
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verdelings vir vroue. Hierdie resultaat geld vir alle onderrig/navorsings personeel by die Universiteit 

en vir elke fakulteit vir 2002, 2003, 2004 en 2005. Bevorderings, nuwe aanstellings en 

salarisverhogings wat plaasgevind het van 2002 na 2005 word gereflekteer deur 

digtheidsfunksieberamings wat wyer word met swaarder sterte en hoof modusse wat na hoer 

vergoedingswaardes beweeg van 2002 na 2005. 

Die hoof doelwit van hierdie studie is om te bepaal watter faktore is verantwoordelik vir die verskille 

tussen die vergoeding van manlike en vroulike onderrig/navorsingspersoneel. 'n Beter begrip van die 

verwantskappe tussen die veranderlikes word verky deur 'n meerveranderlike analise op die datastel 

uit te voer. Die enkel-veranderlike houer-en-punt stippings het nie die verwantskap tussen ouderdom 

en vergoeding in ag geneem nie. Die houer-en-punt stippings van ouderdom en vergoeding vir die 

Fakulteite van Natuurwetenskappe, AgriWetenskappe en Gesondheidswetenskappe het aagedui dat 

daar moontlik 'n verwantskap tussen vergoeding en ouderdom is. Hierdie verwantskap word 

ondersoek deur twee-veranderlike 'bagplots' te konstrueer vir elke fakulteit sowel as vir manlike en 

vroulike onderrig/navorsingspersoneel by die Universiteit en binne elke fakulteit. Die 'bagplot' verskaf 

'n opsomming van die eienskappe van die onderliggende twee-veranderlike verdeling van vergoeding 

en ouderdom. 

Die vergoedingsdatastel bestaan uit die volgende veranderlikeis: vergoeding, ouderdom, rang, 

akademiese kwalifikasies en navorsingsuitsette van onderrig/navorsingspersoneel. Die 

verwantskappe tussen hierdie veranderlikes word bestudeer deur hoofkomponentanalise bistippings 

te konstrueer. Hierdie bistippings reflekteer die meerveranderlike variasie van die nege fakulteite en 

van manlike en vroulike personeel in die vergoedingsdatastel vir 2005. Die meerdimensionele 

verandering in die vergoedingsdatastel van 2002 to 2005 is gemeet deur kanoniese variasie analise 

bistippings waarop alpha-sakkies gesuperimposeer is. Kanoniese variasie analise bipstippings 

verskaf 'n twee-dimensionele voorstelling wat die nege fakulteite sowel as manlike en vroulike 

onderrig/navorsingspersoneel optimaal skei. Die bistippings vir die nege fakulteite is gekonstrueer 

met 90% alpha-sakkies wat daarop gesuperimposeer is. Hierdie alpha-sakkies dui die lokaliteit van 

elke fakulteit aan en kwantifiseer die oorvleueling of skeiding van die nege fakulteite. In die kanoniese 

variase analise bistippings vir manlike en vroulike personeel is 50% alpha-sakkies gebruik. Kanoniese 

variasie analise bistippings met 50% alpha-sakkies is oak gekonstrueer vir 

onderrig/navorsingspersoneel met die range Junior Lektor en Andere, Lektor, Senior Lektor, 

Medeprofessor en Professor. Kanoniese variasie analise bistippings kan slegs gekonstrueer word as 

die aanname van gelyke binnegroepe kovariansie matrikse geld. lndien hierdie aanname nie geld nie 

word 'n analise van afstand bipstipping gekonstrueer om die groep of klas verskille te ondersoek. 
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CHAPllER1 

~NlRODllJCT~ON 

According to Barbezat and Hughes (2001) research on differentials in academic labour markets dates 

back to the early 1970s. Men earn more than women in most labour markets and the gap is widening 

towards older age categories. Wooley and Worswick (2006) provide an explanation by suggesting that 

men devote more hours to their careers (therefore invest more in human capital), are less likely to take 

time off for families, are better able to move in response to favourable outside offers and/or are the 

beneficiaries of discriminatory promotion and retention practices in the labour market. The gap between 

50 year old men and 50 year old women today is mainly the result of very few women entering the 

academic labour market 30 years ago. Female academics were rare 30 years ago and lower academic 

standards my have been expected of them. Furthermore, it can be said, that if a woman has temporarily 

suspended her academic career and resumes it later, she often does not have the same academic status 

and research experience as her male peers. In many cases women resign before they obtain a doctoral 

degree, which makes it even more difficult for them to compete on an equal basis for the more senior 

positions. However, there are currently more women attaining post secondary education and therefore 

the supply of qualified female teaching/research staff members has increased. The majority of women 

now in the profession are young women that work to the same standards as those expected of men. 

Therefore the salary gap between men and women will decrease over time. 

1.2 Goals of tlhe Sb.ndy 

This study statistically analyses the remuneration of permanent full-time teaching/research staff at 

Stellenbosch University for the years 2002, 2003, 2004 and 2005. Possible factors that influence the 

remuneration of male and female teaching/research staff members as well as the remuneration in the 

respective faculties include the rank of a research/staff member, which determines the notch at which 

such a member is remunerated, the age, academic qualifications, professional qualifications and research 

outputs of academic staff members. Furthermore, it needs to be taken into account that the University 

differentiate with the aim to provide competitive remuneration for teaching/research staff with qualifications 

that are in demand in the broader labour market, as in the case of teaching/research staff in the Faculties 

of Law, Economic and Management Sciences and Engineering, as well as often for NRF-evaluated 

researchers. 
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This study has the following goals: 

To describe quantitatively as well as graphically the faculty and gender salary gap for 

teaching/research staff members at Stellenbosch University. 

To describe quantitatively as well as graphically the age gap for male and female 

teaching/research staff members as well as for the nine faculties at Stellenbosch University 

To investigate the relationship between the various factors which influence the remuneration of 

teaching/research staff members. This is performed for all male and female teaching/research 

staff members at the University by taking all nine faculties together as well as for each of the 

faculties separately. 

To find explanations for the faculty and gender salary gap for teaching/research staff members at 

Stellenbosch University based upon a statistical analysis of the data. 

To provide interesting information regarding remuneration levels, age, gender, rank, academic 

qualifications, professional qualifications and research outputs of permanent full-time 

teaching/research staff members, which may be used in further investigations and decision

making processes. 

1.3 Methods Used in the Study 

A series of Univariate and Multivariate statistical techniques were used to investigate the remuneration 

data analytically and graphically. The data sets and variables used in this study are described in detail in 

Chapter 2. 

All the statistical analyses in this assignment were carried out using the programming and graphical 

environment provided by the statistical package R. Standard R functions were used, as well as functions 

and procedures developed by users of R in the Department of Statistics and Actuarial Science, 

Stellenbosch University. In addition to these functions, several new functions and extensions of existing 

functions were constructed for use in this assignment. The code for these functions is provided in 

Appendix B. 

In Chapter 3 boxplots and non-parametric density estimates are used to present univariate distributions of 

the remuneration of the nine respective faculties and for the remuneration of male and female 

teaching/research staff members. In section 2.1 it is shown that the age of teaching/research staff 

members is mainly responsible for the salary gap between male and female staff members, especially in 

the older age categories. Therefore boxplots are also constructed for the univariate age distributions of 

teaching/research staff members. These graphical representations enable a good understanding of the 

location, spread, skewness and possible outliers of the distributions of the remuneration and age 

variables. 

Stellenbosch University  https://scholar.sun.ac.za



3 

Chapter 4 provides graphical methods to explore the multivariate nature of the remuneration dataset. The 

dataset is divided into groups according to faculty and gender for 2002, 2003, 2004 and 2005. The two 

dimensional distribution of the remuneration and age variables for the groups of 2002 and 2005 are 

displayed graphically by constructing bagplots. This is followed by studying the multidimensional 

distribution of the data graphically by means of biplots for 2002 and 2005. The PCA (principal component 

analysis) biplot is used to investigate the multidimensional variation and differences in the remuneration of 

C1 staff members according to faculty and gender. However, to achieve the main goals of this 

assignment the remuneration of C1 staff members needs to be separated optimally according to faculty 

and gender. This can be achieved by constructing a CVA (canonical variate analysis) biplot, with 

superimposed alpha-bags. Gardner and Le Roux (2004) explain why care must be taken when the CVA 

biplot is constructed for two groups and provides an algorithm to construct the latter. Note that the CVA 

biplot is subject to the assumption of equal group covariance matrices. When this assumption does not 

hold an AOD (Analysis of distance) biplot can be constructed. Chapter 4 explains the methodology for the 

AOD biplot and shows how to construct this biplot. 

1.4 Notation 

x Scalar 

X Random variable 

X:(nx p) 

X,:(n x r) 

x:(nx 1) 

x':(nx 1) 

O:(nx l) 

l:(nx 1) 

ek:(nx 1) 

µ 

9lp 

!£ 

.!!? 

~k 

~k 

PCA 

CVA 

AOD 

MOS 

Sci 

Edu 

Data matrix with n rows and p columns. 

A matrix consisting out of the first r columns of X. 

A column vector with n components. 

The transpose of x. 

A vector of n O's. 

A vector of n l's. 

A vector of O's with 1 in the k-th position. 

A marker on an biplot axis. 

A p-dimensional space 

A r-dimensional space 

Canonical space 

The k-th coordinate axis in 9lP 

The k-th biplot axis in Sf' 

Principal component analysis 

Canonical variate analysis 

Analysis of distance 

Multidimensional scaling 

Faculty of Science 

Faculty of Education 
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Agri 

Theo 

Econ 

Eng 

Health 

us 

Faculty of AgriSciences 

Faculty of Theology 

Faculty of Economic and Management Sciences 

Faculty of Engineering 

Faculty of Health Sciences 

Stellenbosch University 

AQualification Academic Qualification 

PQualification Professional Qualification 

1.5 Definitions 

!Personnel category: The Higher Education Management Information System identify seven categories 

for University staff members: 

C1 staff: Teaching/research personnel 

C2 staff : Professional executive I administrative I management personnel 

Specialist support professionals 

Technical personnel 

Non-professional support personnel 

Craftsmen/tradesmen 

C3 staff : Service workers 

4 

Research output : The Department of Education defines research output as textual output where 

research is understood as original, systematic investigation undertaken in order to gain new knowledge 

and understanding. Peer evaluation of the research is a fundamental prerequisite of all recognised output. 

For the purpose of state subsidy, recognised research output in terms of this policy comprise journals, 

books and proceedings. Research output units are allocated as follows: 

Journals: A research article published in an approved journal will be subsidized as a single unit (1 unit). 

Books: 

If two authors have contributed to the article each will receive 0.5 units. 

A book may be subsidized to a maximum of 5 units or portion thereof, based on the number of 

pages being claimed relative to the total number of pages of the book. 

Proceedings : A proceeding published as part of a peer reviewed non-periodical research output from 

conferences, congresses, symposia or other meetings will be allocated a maximum of one 

half a unit (0.5). 
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CHAPTER 2 

DATA DESCR~PT~ON 

2.1 Introduction 

A dataset consisting of the total cost to company, before deductions, of permanent full-time C1 staff for 

Desember 2002, 2003, 2004 and 2005 was provided by the Human Resources Division at Stellenbosch 

University. The dataset includes three remuneration adjustments that occurred in January 2003, January 

2004 and January 2005. Later in this report, when the increase in remuneration from the years 2002 to 

2005 is analysed, these three adjustments must be borne in mind. The Research Development division 

at Stellenbosch University provided a dataset with the research outputs for permanent full-time C1 staff 

members for 2002, 2003, 2004 and 2005. Note that the remuneration as well as the research output data 

were considered confidential and names or other identifying information about individual staff members 

can at no point be associated with observations. 

2.2 Variables included in the Remuneration dataset 

The remuneration dataset includes the rank of a C1 staff member, age, gender, faculty and academic 

qualification. However, the academic qualifications for 2002, 2003 and 2004 were not accurate and 

several of the qualifications were missing. Therefore, the qualifications for C1 staff members listed by the 

websites of the respective academic departments and the University calendars for 2002, 2003 and 2004 

were used to update the academic qualifications of C1 staff members in the remuneration dataset. The 

2005 remuneration dataset had a complete updated record of the academic qualifications for all of the C1 

staff members. Since the research outputs of C1 staff members are contained in a separate dataset it had 

to be merged into the remuneration dataset. Note that the research outputs for 2005 reflect the average 

research outputs of C1 staff members produced from 2002 to 2005, while the research outputs for 2002 

contain only the research outputs produced during 2002. The average for 2005 was calculated by dividing 

the total research output for each C1 staff member by the number of years he or she was in service of the 

University from 2002 to 2005. This must be taken into account when the remuneration datasets for 2002 

and 2005 are compared. Professional qualifications of C1 staff members for 2005 were obtained from the 

chairperson of the concerned department. Unfortunately these qualifications could not be obtained for 

2002 to 2004 because most of the staff members or their qualifications were unknown to the chairpersons. 

These qualifications were classified on an ordinal scale so that the levels of the professional qualifications 

are comparable with the levels of the academic qualifications. Finally two types of variables can now be 

identified within the remuneration dataset: quantitative variables that include remuneration, age and 

research outputs; and ordinal variables that include the ranks, academic and professional qualifications. 
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professional qualifications. However, in all the statistical analyses of this assignment the ordinal variables 

will be regarded as quantitative variables. 

The following classification schemes are used for the ordinal variables. 

Ranks 

1) Junior Lecturer and Others (Others include junior research assistants) 

2) Lecturer 

3) Senior Lecturer 

4) Associate Professor 

5) Professor 

Academic Qualifications 

1) Undergraduate Diploma or Certificate 

2) General Academic First Bachelor's Degree 

3) Professional First Bachelor's Degree 

4) Post-graduate Diploma or Certificate 

5) Post-graduate Bachelor's Degree 

6) Honours Degree 

7) Master's Degree 

7.5) 2nd Master's Degree 

8) Doctoral Degree 

8.5) Doctoral Degree with 2nd Master's Degree 

9) 2nd and 3rd Doctoral Degrees 

Professional Qualifications 

5) BSc Physiotherapy 

5) BOccupational Therapy 

5) BSc Dietetics 

5) B in Speech-Lang-and Hear 

6) B Sport ScHons (Biokinetics) 

6) CIMA (Certificate in International Cash Management) 

6) ACMA (Chartered Management Accountant )(London) 

6) Charted Human Resource Practitionar 

6) LLB (without clerkship) 

6) LLM (not recognized advocate) 

6.5) Master Human Resource Practitionar 

6.5) Pring 

6.5) CA (Charted Accountant) 
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6.5) LLB (lawyer) 

6.5) MBChB 

7) FFA (Fellow of Faculty of Actuaries) (based in Scotland) 

7) MBChB (with registered HPCSA qualification) 

7) LLM (recognized advocate without pulpship) 

7) Master's degree in Psychology (registered HPCSA psychologist) 

7) MMed 

7.5) PhD in Actuarial Science (with FIA, FASSA qualifications) 

FIA (Fellow of Institute of Actuaries) (based in London), FASSA (Fellow of Actuarial Society 

of SA) 

7.5) LLM (recognized advocate with pulpship) 

7.5) MMed (with registered HPCSA qualification) 

2.3 Composition of Teaching/Research Staff members 

7 

The number of permanent full-time C1 staff members in the various faculties according to gender for 2002, 

2003, 2004 and 2004 is provided by Table 2.1. Note that the Faculty of Theology (and to a lesser extent 

the Faculty of Law) had very few permanent full-time C1 staff members in 2002, 2003, 2004 and 2005. 

This must be taken into account in all the analyses of this study. The tables given in Appendix A provide 

more details regarding the composition of C1 staff members with respect to age, rank, academic 

qualification and research outputs. 

Table 2.1: The number of permanent full-time C1 staff members in the various faculties 
according to gender for 2002, 2003, 2004 and 2005: 

Faculty 2002 Total 2003 Total 2004 Total 2005 Total 

Male Female Male Female Male Female Male Female 

Arts 91 59 150 91 58 149 89 64 153 83 63 

Science 103 40 143 103 40 143 100 43 143 90 38 

Education 20 21 41 20 21 41 18 21 39 17 19 

AgriSciences 46 13 59 46 13 59 46 18 64 42 21 

Law 22 7 29 22 7 29 22 9 31 18 10 

Theology 11 1 12 10 1 11 11 1 12 13 

Econ&Man 81 39 120 81 39 120 85 50 135 81 46 

Engineering 60 3 63 60 3 63 62 5 67 59 3 

Health Sciences 49 62 111 50 53 103 49 53 102 53 64 

Total( US) 483 245 728 483 235 718 482 264 746 456 264 

The statistical analyses of the remuneration dataset described in this chapter will commence in Chapters 3 

and 4. 

146 
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CHAPTER3 

Univariate Data Analysis 

3.1 Introduction 

In this chapter quantitative and graphical exploratory techniques are used to summarise and gain 

some insight into the dataset. These techniques include the construction of Quantitative Tables, 

Graphical Boxplots and Non-parametric Kernel Density plots. With these techniques the presence of 

outliers can be detected and the location and variation changes between different groups of the data 

can be illustrated. The remuneration levels, age, gender and rank of permanent full-time 

teaching/research staff members will be analysed using these univariate exploratory techniques. 

3.2 Boxplots 

The boxplot was proposed by American Statistician John Tukey in 1977. Boxplots are an excellent 

tool for detecting and illustrating location and variation changes between different groups in the data. 

The boxplot graphically shows the location, spread and skewness of the data and detect the presence 

of outliers. Boxplots are formed by a response variable represented on the vertical axis and a factor of 

interest represented on the horizontal axis. Five values from a set of data are conventionally used; the 

extremes, the upper and lower quartiles and the median (McGill , Tukey and Larsen, 1978). The lower 

quartile is the 25th percentile of the data and the upper quartile is the 75th percentile. Tukey provided 

methods for calculating these five values. The median is calculated as follows: if n is odd the median 

is the middle observation, x(n+J) / 2 and if n is even, it is the average of the two middle observations, 

(xc0 12> + x«0 12)+i»/ 2 . To calculate the quartiles of the datasets you first have to find the median and 

then split the datasets into two halves. If n is odd split the data into two halves, each including the 

median and find the median of each half. If n is even split the data into two halves and find the 

median of each half. The interquartile range (IQR) is the difference between the upper and lower 

quartiles. These values can easily be obtained by setting the variable plot = FALSE in the R function 

boxplot. The middle 50% of the data are identified by drawing a box between the lower and upper 

quartiles (hence the name boxplot). The minimum and maximum values (extremes) in the data are 

indicated by drawing a line from the lower quartile to the minimum value and another line from the 

upper quartile to the maximum value. These lines are called whiskers. The R function boxplot has a 

variable called range that determines how far the plot whiskers extend out from the box. If 'range' 

is positive, the whiskers are drawn to the nearest value not beyond a standard span from the quartiles. 

The standard span is 1 .5 * IQR. Points beyond the whiskers are identified as outliers and are drawn 

individually. A value of zero causes the whiskers to extend to the data extremes. 
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If the number of observations in each of the different groups is the same and the variance of each 

group is approximately constant the basic boxplot described above can be used. For situations where 

these conditions are not satisfied the form of the basic boxplot can be improved by using the variable

width boxplot or the notched boxplot. Figures 3.2.1 and 3.2.3 illustrates the advantages of these two 

improved boxplot methods. Figure 3.2.1 gives a good illustration of the distribution, location and 

variational changes among the different faculties, but from Table 2.1 it is clear that the number of C1 

staff members in the different faculties differs widely and this is not illustrated by the basic boxplot. 

Figure 3.2.2 shows that this additional information can be displayed with the variable-width boxplot. 

The boxes are drawn with widths proportional to the square-roots of the number of C1 staff members 

in the corresponding faculty. There are many variability measures, such as standard error, that are 

proportional to the root of the groupsize and therefore the width of the boxes are chosen to be 

proportional to this measure. The fact that the Faculties of Theology and Law had very few staff 

members compared to the other faculties is clearly illustrated by the variable-width boxplot. This is a 

very important fact to take into account when the medians of the different faculties are examined, 

because although the Faculty of Theology has the largest median it has very few staff members 

compared to the other faculties. Further misinterpretations about the medians can be avoided by 

constructing a notched boxplot. From Figure 3.2.1 it is clear that there is a large difference between 

the medians of the 2002 remunerations for the Faculties of Education and AgriSciences. The number 

of staff members in these two faculties is approximately the same for 2002 and by examining the 

variable-width boxplot of Figure 3.2.2 the significance of this difference might be questioned. The 

significance of differences between the medians can be measured by constructing notched boxplots 

(McGill, Tukey and Larsen, 1978). The length of the notch is a robust estimate of uncertainty about 

the median. They are a graphical representation of a confidence interval about the median of a group. 

If the notches about two medians do not overlap, the medians are, roughly, significantly different at 

about a 5% significance level. Figure 3.2.3 indicates that the notches of the Faculties of Education 

and AgriSciences do not overlap and therefore the medians of these two faculties are significantly 

different at an approximate 5% significance level. There are dangers in this approach, particularly if 

you are comparing many medians it will be difficult to compare the notches surrounding the medians. 

This could lead to misinterpretations. 

The convention (McGill, Tukey and Larsen, 1978) has been made that, should the notch lie outside 

either the upper or lower quartiles, an unnotched box, plotted with dashed lines, is displayed for that 

group indicating low confidence in it. 

The best way to determine the widths of the boxes is discussed by McGill, Tukey and Larsen (1978). 

Let R be the interquartile range, N the number of observations in the group and M the median. 
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The Gaussian-based asymptotic approximation (Kendall and Stuart, 1967) of the standard deviation 

s of the median( M ) is given by 

s = 1.25R I 1.35./N. 

The notch around each median may then be calculated as M ± Cs , where C is a constant. Should 

one desire a notch indicating a 95% confidence interval about each median, c = 1.96 would be used. 

However it can be shown that C = 1.96 would only be appropriate if there is a large difference 

between the standard deviations of the two groups. If they were nearly equal, C = 1.386 would be the 

appropriate value, with 1.96 resulting in far too stringent a test (far beyond 99 percent). For the final 

equation that computes the notches a value between these limits is used. The value, C = 1.7, was 

empirically selected as preferable. The equation used to compute the notches is 

M ± 1 . 7(1 .25R I 1 .35./N ). 

Advantage will be gained by combining both the techniques described (see Figure 3.2.4), because 

then both group size and confidence intervals can be seen simultaneously. In the following 

discussions notched boxplots without variable widths will be used, because the median remuneration 

of the respective faculties will be compared with the median remuneration of the University. The 

number of C1 staff members in each faculty is to few compared to the total number of C1 staff 

members of the University. 
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Figure 3.2.1: Basic boxplots of the 9 different faculties for the 2002 remuneration data. 
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Figure 3.2.2: Variable-Width boxplots of the 9 different faculties for the 2002 remuneration data. 
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Figure 3.2.3: Notched boxplots of the 9 different faculties for the 2002 remuneration data. 
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Figure 3.2.4: Combined Variable-Width and Notched boxplots of the 9 different faculties for the 2002 

remuneration data. 
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3.2.1 Notched BolCplots A1P1Plied to the IRemuneraUora data of 
Teaching/IResearch Staff members 
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Notched boxplots will be used to analyse the distribution of remuneration and age according to faculty 

and gender. Note the R function boxplot that is used to construct notched boxplots do not have a 

built-in parameter to colour the notches of the boxplots and it only shows the median of each dataset 

on the graph, but not the mean. However, it is possible to colour the notches and to show the median 

as well as the mean on the same boxplot. Therefore the R function mybxp (cf. Appendix B) was 

developed to construct boxplots with coloured notches and to indicate the mean value of each group 

by a cross on the boxplot. This function will be used to construct the boxplots in this section. The 

mean as well as the median on the same boxplot will give an indication of whether the distribution are 

skew to the left, skew to the right or symmetrical. For example, if the mean is larger than the median 

the distribution will be skewed to the right, because the mean will be pulled in the direction of the 

skewness. That is, if the right tail is heavier than the left tail, the mean will be greater than the median. 

Likewise, if the left tail is heavier than the right tail, the mean will be less than the median. 

3.2.1.1 1Rem11.01111eratio1111 dostrolb&.J1Uons o1f Teaching/IResearclhl Staff members 
accordlong to 1Fac1U1~ty cmd Ge1111der 

The boxplot representations in Figures 3.2.5 and 3.2.6(a) through 3.2.6(d) compare the remuneration 

distributions of all the C1 staff members in the nine different faculties for 2002, 2003, 2004 and 2005. 

The remuneration distributions of male and female staff members for the nine different faculties and 

for all C1 staff members at the University for 2002, 2003, 2004 and 2005 are represented by Figures 

3.2. 7 and 3.2.B(a) through 3.2.B(i). The number of female staff members in the Faculties of Theology 

and Engineering are negligible small and therefore notched boxplots were not constructed for female 

staff members in these faculties. Tables A.1.1 through A.1.5 (cf. Appendix A) contains the medians, 

means, standard deviations and coefficients of variation for the 2002, 2003, 2004 and 2005 

remuneration data. 

From Figure 3.2.5 it is clear that the median remuneration level of all C1 staff members increased from 

2002 to 2005 with the largest increase occurring from 2004 to 2005. The increase in remuneration 

over the four years is also reflected in Table A.1.1. Note that the notches in the notched boxplots of 

C1 staff members for the 2002 and 2005 remuneration data do not overlap with the notches for the 

2003 and 2004 remuneration data and therefore the median remunerations for 2003 and 2004 differ at 

roughly 5% significance level from the median remunerations for 2002 and 2005. From Tables A.1.1 

and A.1.2 it is clear that the average remunerations are larger than the median remunerations for 

2002, 2003, 2004 and 2005. This is also reflected by the cross on each boxplot that is higher than the 

white median line for 2002, 2003, 2004 and 2005. Therefore the remuneration distribution of C1 staff 
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members is skewed to the right over the four years. It is also noteworthy that the length of the 

whiskers of the boxplot for 2005 is longer than the whisker's for the previous years. Thus, the variation 

of the remuneration distribution for 2005 is larger than for 2002, 2003 and 2004. 
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Figure 3.2.5: Notched boxplots for the 2002-2005 remuneration data. 

Table A.1.1 (cf. Appendix A) shows the median remuneration in all the faculties for 2002, 2003, 2004 

and 2005 as well as the percentage increase in the median remuneration from 2002 to 2005. From 

Figures 3.2.6 (a) through 3.2.6 (d) it is clear that the remuneration distribution in all the faculties differ 

and that the median remuneration levels for 2005 are higher than for 2002. The median 

remunerations of the Faculties of Arts and Education are the lowest compared to the other Faculties 

for all four years. The medians of the Faculties of Arts, Science and Education are always below the 

median remuneration of the University for 2002, 2003, 2004 and 2005. If the Faculty of Theology is 

not taken into account (because of its small number of staff members) the medians of the Faculties of 

Economic and Management Sciences and Engineering are always above the median remuneration of 

the University for 2002, 2003, 2004 and 2005. Note that the notches of the Faculties of Education and 

Theology lie outside the lower quartile for the 2002 remuneration data, while the notch of the Faculty 

of Theology lie outside the lower quartile for the 2003 and 2004 remuneration data. Therefore an 

unnotched box is displayed for these faculties in the respective years which indicate low confidence in 

the notch. 
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From Figure 3.2.6 (a) it is clear that the confidence intervals of the medians of the Faculties of Arts 

and Education overlap with the confidence intervals of the Faculties of Science, AgriSciences, Law 

and Health Sciences. It can be said, therefore, that the medians of the Faculties of Arts and Education 

differ from the median of the of the University and from the medians of the Faculties of Theology, 

Economic and Management Sciences and Engineering at roughly 5% significance level for 2002. 

Table A.1.1 indicates that the increase in the median remuneration of the Faculty of Education was the 

highest for (2003-2004) and the second highest for (2004-2005). This increase is reflected in the 

notched boxplot of Figure 3.2.6 (d), because the significant difference between the median of this 

faculty and the other faculties disappeared. For 2004 and 2005 the median of the Faculty of 

Education is not significantly different from any of the other faculties or from the median of the 

University for 2004 and 2005. 

The median remuneration of the University for 2005 was R282 360 and increased by 26% from 2002 

to 2005. If the increase in the median remuneration for the years 2002 to 2003 and 2003 to 2004 is 

compared according to faculty the increase from 2004 to 2005 in the Faculties of Arts, Science, 

Education, AgriSciences and Economic and Management Sciences was much higher than for the 

previous years. The increase in the median remuneration of the Faculty of Health Sciences, included 

in Table A.1.1, declined sharply from 18% (2002-2003) to 2% (2004-2005) while the increase in the 

other faculties is comparable. From Table A.1.1 it is also clear that the highest increase in the median 

remuneration from 2002 to 2005 took place in the Faculty of Education, while the Faculty of Theology 

showed the smallest increase. The increase in the median remuneration from 2002 to 2005 in the 

Faculty of Education was 35%, while the increase in median remuneration in the Faculty of Theology 

was 6%. 

By comparing the median remunerations in Table A.1.1 with the average remunerations in Table A.1.2 

it is clear that except for the median and average remuneration of the Faculty of AgriSciences in 2003 

the median remunerations of all the faculties are less then there respective average remunerations for 

2002, 2003, 2004 and 2005. This indicates that the remuneration distributions of all the Faculties are 

skewed to the right. The skewness in the distributions is also reflected by Figures 3.2.6 (a) through 

3.2.6 (d). If the differences between the median and average remunerations are calculated it is 

noteworthy that the only median remuneration that differs widely from the average remuneration is the 

median remuneration of the Faculty of Health Sciences for 2002, 2003, 2004 and 2005. For the other 

faculties and for the University the median and average remuneration is very similar for 2002, 2003, 

2004 and 2005. This indicates symmetry in the distribution of the remunerations for the respective 

faculties and for the University. It is also clear that there is a huge difference between the upper 

quartile of the Faculty of Health Sciences and the upper quartiles of the other faculties. The upper 

quartile can be seen as the median of the last 50% of the data and therefore the deviation of the 
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remuneration from the median in the upper quartile in this faculty is much higher compared to the 

other faculties. 

The patterns occurring in the median remunerations of Table A.1.1 and Figures 3.2.6 {a) through 

3.2.6 {d) are more or less the same as the patterns occurring in the average remunerations of these 

figures and Table A.1.2. From Table A.1.2 and Figures 3.2.6 {a) through 3.2.6 {d) it is clear that the 

average remunerations of the Faculties of Law, Economic and Management Sciences, Engineering 

and Health Sciences are higher then the average remunerations of the Faculties of Arts, Science, 

Education and AgriSciences for 2002, 2003, 2004 and 2005. This could be explained by the fact that 

staff members in these faculties have qualifications that are highly in demand in the broader labour 

market and therefore the University differentiate with the aim to provide competitive remuneration for 

them. The average remuneration of the University increased with 26% from 2002 to 2005 with the 

largest increase occurring in the Faculty of Education and the smallest increase occurring in the 

Faculty of Theology. The average remuneration in the Faculty of Education increased with 34% while 

the average remuneration in the Faculty of Theology increased with 6%. For male staff members the 

largest increase in the average remuneration from 2002 to 2005 occurred in the Faculty of Economic 

and Management Sciences while the largest increase in average remuneration for female staff 

members from 2002 to 2005 occurred in the Faculties of Education and Law. The increase in average 

remuneration from 2002 to 2005 for male staff members in the Faculty of Economic and Management 

Sciences was 30% while the increase in average remuneration for female staff members in the 

Faculties of Education and Law were 42% and 41 %. 

It is important when analysing the mean of a distribution to provide some measure of variability. The 

standard deviation is the most common measure of statistical dispersion. It is a measure of the mean 

distance of the data values from their mean and therefore measures how spread out the values in a 

dataset are. A low standard deviation {closer to zero) indicates that the data points are all close to the 

mean while a high standard deviation {further from zero) indicates that many data points are very 

different from the mean. The standard deviations are listed in Table A.1.4, which express the standard 

deviation of each variable relative to its mean. The Faculty of Health Sciences is the only faculty with 

a standard deviation of more then R100 000 for 2002, 2003, 2004 and 2005. The standard deviation 

for this faculty increased from R131 282 in 2002 to R174 864 in 2005. The Faculty of Engineering had 

the smallest deviation from the average remuneration for 2002, 2003, 2004 and 2005. The standard 

deviation for this faculty increased from R38 357 to R47 462. For the other seven faculties the 

standard deviation of each faculty varied between the following values for 2002, 2003, 2004 and 2005: 
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Year 2002 2003 2004 2005 

Standard deviation R50 000 - R70 000 R50 000 - R80 ooo R60 000 - R95 000 R70 000 - R100 ooo 

It is clear from this table that the standard deviations in all the faculties increased from 2002 to 2005. 

However, it is important to measure the increase in standard deviation relative to the mean. The 

coefficients of variation in Table A.1.5 (cf. Appendix A) express the standard deviation of each variable 

relative to its mean. The variation in the standard deviations of the different faculties as well as the 

increase in the standard deviations relative to the means from 2002 to 2005 are reflected by the 

boxplots of Figures 3.2.6 (a) through 3.2.6 (d) and Table A.1.5 (cf. Appendix A) respectively. The 

coefficients of variation of the Faculties of AgriSciences, Law, Theology, Economic and Management 

Sciences and Health Sciences increased from 2002 to 2005. The high coefficient of variation of the 

Faculty of Health Sciences for 2002 to 2005 is caused by the low average and large standard 

deviation of the remuneration of staff members in this faculty. Note that the Faculty of Engineering 

has the smallest coefficient of variation for 2002 to 2005 which can be ascribed to the high average 

and low standard deviation of the remuneration of staff members in this faculty. The variation in the 

remunerations of the other faculties relative to their average remunerations is comparable except for 

the Faculty of Theology which has a very small number of staff members compared to the other 

faculties. 
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Figure 3.2.6(a): Notched boxplots olthe 9 different faculties for the 2002 remuneration data. 
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Figure 3.2.6(b): Notched boxplots of the 9 different faculties for the 2003 remuneration data. 
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Figure 3.2.6(c): Notched boxplots of the 9 different faculties for the 2004 remuneration data. 
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Figure 3.2.6(d): Notched boxplots of the 9 different faculties for the 2005 remuneration data. 

The medians according to gender for 2002, 2003, 2004 and 2005 also indicate a clear pattern. The 

median remunerations of male and female C1 staff members increased from 2002 to 2005 with a 

substantial increase in the median remuneration of male staff members from 2004 to 2005. The 

median remuneration of male staff members for 2005 differs very clearly at 5% significance level from 

the median remunerations of male staff members for 2002, 2003 and 2004. According to Table A.1.1 

(cf. Appendix A) the median remuneration for men increased by 15% from 2004 to 2005 compared to 

the 7% and 5% increase of the previous years. From the notched boxplots of Figure 3.2.7 it is clear 

that the confidence intervals of the medians of the remunerations of male and female staff members 

do not overlap once for 2002, 2003, 2004 and 2005. It can be said, therefore, that the remuneration of 

male staff members differs from the remuneration of female staff members at roughly 5% significance 

level for 2002, 2003, 2004 and 2005. The average remunerations indicated by a cross on the boxplots 

of Figure 3.2.7 is higher than the median remunerations for 2002, 2003, 2004 and 2005 and therefore 

the remuneration distributions for male and female staff members are skewed to the right over the four 

years. Note that the variation in the remuneration distributions of male staff members is larger than 

the variation in the distributions of female staff members over the four years. It is also noteworthy that 

the variations in the distributions of both male and female staff members increased from 2002 to 2005. 

These results are also reflected by the standard deviations in Table A.1.4 (cf. Appendix A). 
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Figure 3.2.7: Notched boxplots of male and female staff members for the 2002, 2003, 2004 and 
2005 remuneration data. 
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Figure 3.2.8 (a) and Table A.1.1 reveal that the median remunerations of male and female C1 staff 

members in the Faculty of Arts increased from 2002 to 2005. The confidence intervals of the medians 

of male and female staff members do not overlap once from 2002 to 2005. Therefore the median 

remuneration of male staff members differs from the remuneration of female staff members at roughly 

5% significance level. The average remunerations of male and female staff members are larger than 

the median remunerations for 2002, 2003, 2004 and 2005, with the biggest difference occurring in 

2005. Thus, the remuneration distributions of both male and female staff members are skewed to the 

right. If the lengths of the whiskers are examined it is clear that the remuneration distributions of male 

staff members have the largest variation over the four years. The increase in the standard deviations 

and means is reflected by the boxplots, but according to Table A.1.5 (cf. Appendix A) the coefficient of 

variation for female staff members increased from 2002 to 2005, while the coefficient of variation for 

male staff members decreased during this time period. 
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Figure 3.2.B(a): Notched boxplots of male and female staff members of the Faculty of Arts for the 
2002, 2003, 2004 and 2005 remuneration data. 
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From Figure 3.2.8 (b) it is clear that there is a significant difference between the median remuneration 

of male and female staff members in the Faculty Science for 2002, 2003, 2004 and 2005. The upper 

quartile of the distribution for female staff members remains below the lower quartile of the distribution 

for male staff members over the four years. Thus, the median remuneration of male staff members 

differs from the median remuneration of female staff members at roughly 5% significance level for 

2002, 2003, 2004 and 2005. The remunerations of male and female staff members increased from 

2002 to 2005 with a substantial increase in the median remuneration of male staff members from 2004 

to 2005. It is clear that the median remuneration of male staff members for 2005 differs from the 

median remunerations of male staff members for 2002, 2003 and 2004 at 5% significance level. 

'Table A.1.1 indicates that the increase in the median for men from 2004 to 2005 was 17%. This 

increase was the highest if compared to the increase in the medians for men from 2004 to 2005 in the 

other faculties. The average remunerations of female staff members are always lower than the 

median remunerations except for 2005. Therefore the distributions of the remuneration of female staff 

members are skewed to the left for 2002, 2003 and 2004 and skewed to the right for 2005. The 

distributions of the remuneration of male staff members are skewed to the right over the four years. 

Note that the variation in the remuneration for men and women is the largest for 2005 with the 

variation for men substantially larger than the variation for women. These variations are reflected by 

the standard deviations in Table A.1.4. 
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Figure 3.2.B(b): Notched boxplots of male and female staff members of the Faculty of Science for 
the 2002, 2003, 2004 and 2005 remuneration data. 
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It is clear from Figure 3.2.8 (c) and Table A.1.1 that there is a large difference between the median 

remuneration of male and female staff members in the Faculty of Education for 2002 and 2003. The 

upper quartiles of the remuneration distribution of female staff members were below the lower 

quartiles of the remuneration distribution of male staff members for 2002 and 2003. The significant 

difference decreased from 2003 to 2005, because of a substantial increase in the remuneration of 

female staff members in this faculty. This increase is also reflected by a very high upper quartile of the 

remuneration distribution of female staff members for 2005. The upper quartile is above R300 000 for 

2005 and except for the Faculties of Law and Economic and Management Sciences the upper 

quartiles of the boxplots for female staff members are below R300 000 for all the other faculties. 

Therefore 25% of the women in this faculty earned more than R300 000 in 2005. Note that an 

unnotched box is displayed for female staff members in 2004 and for male and female staff members 

in 2005. This indicates low confidence in the notches of these boxplots. If the average remunerations 

for men and women are compared with the respective median remunerations it is clear that the 

remuneration distributions for both men and women are skewed to the right except for the distribution 

for men for 2003. The variation in the distributions of male staff members is larger than the variation in 

the distributions of female staff members for 2002, 2003, 2004 and 2005. 
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Figure 3.2.B(c): Notched boxplots of male and female staff members of the Faculty of Education for 
the 2002, 2003, 2004 and 2005 remuneration data. 

The notched boxplots in Figure 3.2.8 (d) compare the remuneration distributions of male and female 

staff members in the Faculty of AgriSciences for 2002 to 2005 . It is, again, clear that there is a large 

difference between the median remunerations of male and female staff members. Unfortunately the 

notches of the boxplots for female staff members for 2002 and 2003 lie outside the lower quartiles, 

while the notch of the boxplot for female staff members for 2004 lie outside the upper quartile. Thus, 

the notches of these boxplots have low confidence. However, the notches of the boxplots for male 

staff members do not overlap once with the notches of the boxplots for female staff members over the 

four years. Therefore the remuneration of male staff members in this faculty differs from the 

remuneration of female staff members at roughly 5% significance level for 2002, 2003, 2004 and 

2005. The average remunerations of male and female staff members for 2002 to 2005 are 

approximately the same as the respective median remunerations . Therefore the remuneration 

distributions of male and female staff members are almost symmetrical over the four years. Note that 

the variation in the remuneration of male staff members is the largest over the four years with the 

largest variation for both male and female staff members occurring in 2005. 
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Figure 3.2.B(d): Notched boxplots of male and female staff members of the Faculty of AgriSciences 
for the 2002, 2003, 2004 and 2005 remuneration data. 

The remuneration distributions of male and female staff members in the Faculty of Law are 

represented by Figure 3.2.8 (e). Note that the notches of the boxplots for male and female staff 

members for 2002, 2003, 2004 and 2005 lie outside the lower quartiles. Thus, there is low confidence 

in the notches of these boxplots . However, by examining the medians it is clear that there is a large 

difference between the medians of male and female staff members for 2002, 2003 and 2004. The 

difference decreased in 2005, because of a substantial increase in the median remuneration of female 

staff members from 2004 to 2005, also reflected by Table A.1.1 . According to Table A.1 .1 the median 

remuneration of female staff members in the Faculty of Law increased with 21 % from 2004 to 2005, 

which is the largest increase in the median remuneration of female staff members of all the faculties . 

The high upper quartile of the remuneration distribution of female staff members for 2005 also reflects 

the high increase in the median remuneration with 25% of the women in this faculty earning more than 

R300 000 in 2005. The large difference between the standard deviations of the remuneration for men 

and women for 2004 and 2005, included in Table A.1.4, is also reflected by the boxplots. The 

remuneration distributions of male and female staff members are skewed to the right for 2002, 2003, 

2004 and 2005. It is also noteworthy that the upper quartiles of the distributions of male staff 

members in the Faculty of Law are higher than the upper quartiles of the distributions of male staff 

members in the other faculties for 2002, 2003, 2004 and 2005. The Faculty of Health Sciences is the 

only faculty with higher upper quartiles. 
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Figure 3.2.B(e): Notched boxplots of male and female staff members of the Faculty of Law for 
the 2002, 2003, 2004 and 2005 remuneration data. 
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The notched boxplots of Figure 3.2.8 (f) only represent the remuneration distributions of male staff 

members in the Faculty of Theology, because there were only one female staff member in this faculty 

from 2002 to 2004 and none in 2005. From Figure 3.2.8 (f) and Table A.1.1 it is clear that the median 

remuneration of male staff members in this faculty remained approximately the same for 2002 to 2004 

with a slight increase in 2005. According to Table A.1 .1 the Faculty of Theology showed the smallest 

increase in the median remuneration of male staff members from 2002 to 2005. The median 

remuneration of male staff members increased with 5% from 2002 to 2005. Table A.1.5 also indicates 

a small increase in the coefficient of variation of the remuneration of male staff members from 2002 to 

2005. The average remunerations are larger than the median remunerations throughout and therefore 

the remuneration distributions of male staff members are skewed to the right over the four years . 
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Figure 3.2.B(f) : Notched boxplots of male staff members of the Faculty of Theology for 
the 2002, 2003, 2004 and 2005 remuneration data. 
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It is clear from the boxplots of Figure 3.2.8 (g) that the difference between the median remuneration of 

male and female staff members is the smallest in the Faculty of Economic and Management Sciences. 

This is the only faculty where the confidence intervals of the medians of male staff members overlap 

with the confidence intervals of the medians of female staff members for 2002, 2003, 2004 and 2005. 

The small difference between the medians is mainly caused by the fact that most of the female staff 

members in this faculty have a professional charted accountant qualification that is highly in demand in 

the broader labour market. Together with the Faculties of Education and Law the upper quartile of the 

remuneration distribution of female staff members is higher than R300 000 for 2005. Note that the 

largest increase in the median remunerations of both male and female staff members occurred from 

2004 to 2005. According to Table A.1.1 the increase in the median remuneration of male staff 

members from 2002 to 2005 was the highest in the Faculty of Economic and Management Sciences . 

The average and median remunerations indicate clearly that the remuneration distributions of male 

staff members are skewed to the right for 2002, 2003, 2004 and 2005, while the remuneration 

distributions of female staff members are skewed to the left over the four years. As before, the 

variation relative to the mean in the remuneration distributions of both male and female staff members 

increased from 2002 to 2005. 
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The Figure 3.2.B(g): Notched boxplots of male and female staff members of the Faculty of Economic 
and Management Sciences for the 2002, 2003, 2004 and 2005 remuneration 
data. 

The remuneration distributions of male staff members in the Faculty of Engineering for 2002, 2003, 

2004 and 2005 are represented by the boxplots in Figure 3.2.8 (h) . The number of female staff 

members in this faculty is very few and therefore boxplots were only constructed for the male staff 

members. It is clear that the median remuneration of male staff members increased from 2002 to 

2005 with a substantial increase from 2004 to 2005. The notch of the boxplot for 2005 do not overlap 

with the notches of the boxplots for the previous years and therefore the median remuneration for 

2005 differs at roughly 5% significance level from the median remunerations of the previous years . 

The small coefficients of variation for the Faculty of Engineering in Table A.1 .5 are also reflected by 

the boxplots . Note that the average remunerations are high, while the variation in the remuneration 

relative to the mean for 2002 to 2005 is small compared to the variation relative to the mean of the 

other faculties . There is not a large difference between the median and average remunerations for 

2002 to 2005 and therefore the distributions are very close to symmetrical. 
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Figure 3. 2. B(h): Notched boxplots of male staff members of the Faculty of Engineering for the 2002, 
2003,2004 and 2005 remuneration data. 

The notched boxplots of Figure 3.2.8 (i) reveal a significant difference in the remuneration of male and 

female staff members in the Faculty of Health Sciences for 2002, 2003, 2004 and 2005. The upper 

quartile of the remuneration distributions of female staff members is lower than the lower quartile of 

the remuneration distributions of male staff members over the four years. It can be said, therefore, 

that the median for men differs from the median remuneration for women at roughly 5% significance 

level. This is the only faculty with the median of male staff members higher than R400 000 for 2002, 

2003, 2004 and 2005. However, the medians of male staff members remained approximately the 

same for 2002, 2003 and 2004 with a substantial increase in 2005. This increase is reflected in Table 

A.1.1 and an upper quartile that is higher than R550 000. The very high medians of the remuneration 

of male staff members are also reflected by remuneration distributions that are clearly skewed to the 

left for each year. From the boxplots for female staff members it is clear that the median remuneration 

of female staff members increased from 2002 to 2003, but remained approximately the same from 

2003 to 2005. The average remunerations of female staff members are clearly higher than the median 

remunerations and therefore the remuneration distributions of female staff members are skewed to the 

right. A very high variation in the remuneration distribution of male staff members for 2005 is also 

reflected by a high standard deviation and coefficient of variation in Tables A.1.4 and A.1.5 

respectively. Very high outliers in the remuneration distributions of female staff members are reflected 

by the high standard deviations iri Table A.1.4. The high standard deviation and low average 

remuneration of female staff members results in a high coefficient of variation, reflected in Table A.1.5. 
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The high medians of the male staff members and high outliers of the female staff members are caused 

by staff members that are medical specialists and therefore 50% of their salaries are subsidised by the 

government. 
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Figure 3.2.B(i): Notched boxplots of male and female staff members of the Faculty of Health Sciences 
for the 2002, 2003, 2004 and 2005 remuneration data. 
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3.2.1.2 Age Distributions of Teaching/Research Staff members 

One of the factors that have a large influence on the remuneration of C1 staff members is age. The 

age distribution of all C1 staff members according to year is represented by Figure 3.2.9. The age 

distributions of the different faculties are represented by Figures 3.2.10 (a) through 3.2.10 (d) . Figure 

3.2.11 represents the age distributions of C1 staff members according to gender and year and Figures 

3.2.12 (a) through 3.2.12 (i) represents the age distributions of C1 staff members according to faculty, 

gender and year. As before, notched boxplots were not constructed for female staff members in the 

Faculties of Theology and Engineering, because the number of female staff members in these 

faculties is negligible small. 

From Figure 3.2.9 it follows that the median age of C1 staff members at the University for 2002 and 

2005 was 47 years . This means that half of all C1 staff members were older than 47 years in 2002 

and 2005. In 2003 and 2004 the median age was 48 and 46 respectively . Therefore the median age 

of C1 staff members remained approximately the same over the four years . It is also noteworthy that 

the average age is smaller than the median age for 2002, 2003, 2004 and 2005. This means that all 

the age distributions for the respective years are skewed to the left. Table A.2 .10 (cf. Appendix A) 

compares the percentage of C1 staff members according to ten year age intervals for 2002 and 2005. 

It is clear from these percentages that the number of C1 staff members within each 10 year age 

interval remained approximately the same for 2002 and 2005. 
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Figure 3.2.9: Notched boxp/ots of the age of C1 staff members according to year. 
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Figures 3.2.10 (a) to 3.2.10 (d) compare the age distributions in the different faculties. The staff 

members of the Faculty of Law, with a median C1 staff member age of 39 years in 2002, 40 years in 

2003, 39 years in 2004 and 40 years in 2005 is by far the most youthful faculty over the four years. 

Note that if the Faculty of Theology is excluded, the Faculty of Law is the only faculty with an average 

age that is larger than the median age. This is therefore the only faculty with an age distribution that is 

skewed to the right. Comparing the median age of each faculty with the average age of that faculty, it 

follows that the Faculty of Education together with the Faculty of Theology have the highest median 

age for 2002 and 2003. From the boxplots in Figures 3.2.10 (a) and 3.2.10 (b) it is clear that the 

confidence intervals of the medians of Theology and Education overlap only with the confidence 

intervals of the medians of AgriSciences and Health Sciences for 2002 and 2003. It can be said, 

therefore, that the medians of Theology and Education differ from each of the medians of the other 

faculties, at roughly 5% significance level for 2002 and 2003. In 2004 the confidence interval of the 

median of Education overlaps only with the confidence intervals of the median of Theology and Health 

Sciences and in 2005 it only overlaps with the confidence intervals of the median of Arts and Health 

Sciences. Note that the median of the Faculty of Theology decreased from 54 years in 2002 to 45 

years in 2005. However, the median of the Faculty of Education remained much higher than the 

medians of the other faculties and increased from 52 years in 2002 to 53 years in 2005. Table A.2.3 

(cf. Appendix A) indicates that in the Faculty of Education 55.6% of the permanent full-time C1 staff 

members for 2005 are in the age interval 50-59 years. This means that this entire group may retire on 

pension within the next ten years. The medians of the following faculties remained approximately 

constant of the four years: the Faculty of Science with a median of 46 in 2005, the Faculty of 

AgriSciences with a median of 45 in 2005, the Faculty of Engineering with a median of 46 in 2005 and 

the Faculty of Health Sciences with a median of 50 in 2005. 
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Figure 3.2.10(a): Notched boxplots of the age of C1 staff members according to faculty for 2002. 
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Figure 3.2.10(b): Notched boxplots of the age of C1 staff members according to faculty for 2003. 
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Figure 3.2.10(c): Notched boxplots of the age of C1 staff members according to faculty for 2004. 
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Figure 3.2.10(d): Notched boxplots of the age of C1 staff members according to faculty for 2005. 
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The notched box plots of Figure 3.2.11 compare the age distributions of all the permanent full-time 

male and female C1 staff members from 2002 to 2005. From these figures it is clear that the median 

of female staff members is lower than that of male staff members for 2002, 2003, 2004 and 2005. 

Table A.2 .10 (cf. Appendix A) also indicate clearly that there are substantial differences between the 

percentage of female staff members and the percentage of male staff members in the age intervals 

over 40 years for 2002, 2003, 2004 and 2005. Male staff members are represented in larger numbers 

in the intervals over 40 years, while female staff members are represented in larger numbers in the 

intervals under 40 years . This result is also reflected by the lower quartiles of the boxplots. For 

female staff members a large part of the lower quartile falls below 40 while the lower quartile for male 

staff members is above 40 over the four years. Furthermore, the confidence intervals of the median of 

male staff members do not overlap once with the confidence intervals of the median of female staff 

members . Note that the age distributions of female staff members are symmetrical in 2002 and 

skewed to the right for 2003, 2004 and 2005, while the age distributions of male staff members are 

skewed to the left over the four years . This also confirms that female staff members are mostly 

located in the younger age categories, wh ile male staff members are mostly located in the older age 

categories. 
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Figure 3.2.11: Notched boxplots of the age of C1 staff members according to gender and year. 

Figure 3.2.12 (a) compares the age .distributions of male and female staff members from 2002 to 2005 

in the Faculty of Arts . Similar to the age distributions of all the permanent full-time male and female 

C1 staff members the median of male staff members is higher than the median of female staff 
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members for 2002, 2003, 2004 and 2005. It is clear that the confidence interval of the median of 

female staff members overlaps only with the confidence interval of the median of male staff members 

for 2002, 2003 and 2004. Therefore the median of female staff members differs from the median of 

male staff members at roughly 5% significance level for 2005. From Table A.2 .1 (cf. Appendix A) it is 

clear that there are great differences between the percentage of female staff members and the 

percentage of male staff members in the age intervals under 40 years and over 40 years for 2002 and 

2005. Male staff members are represented in greater numbers in the intervals over 40 years , while 

female staff members are represented in greater numbers in the intervals under 40 years . This result 

is also reflected by the boxplots, because the lower quartile of the age distribution for men is higher 

than 40 for 2002, 2003, 2004 and 2005, while a large part of the lower quartile of the age distribution 

for women is lower than 40 over the four years . Note that the median age for both male and female 

staff members remained approximately the same over the four years with the medians of female staff 

members varying between 44 and 46 years and the medians of male staff members varying between 

49 and 51 years. In 2005 the median of male staff members was 50 years and the median of female 

staff members was 45 years . The variations of the age distributions for men and women are 

approximately the same over the four years and both are skewed to the left. 
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Figure 3.2.12(a): Notched boxplots of the age of male and female C1 staff members of the 
Faculty of Arts according to gender and year. 

The age distributions of male and female staff members in the Faculty of Science are represented by 

Figure 3.2.12 (b). It is clear that the medians of male staff members are higher than the medians of 
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female staff members for 2002, 2003, 2004 and 2005. Note that the confidence intervals of the 

medians of male staff members do not overlap once with the confidence intervals of female staff 

members over the four years. Therefore the median of female staff members differs from the median 

of male staff members at roughly 5% significance level for 2002, 2003, 2004 and 2005. The only other 

faculties with this difference for each year are the Faculties of AgriSciences, Economic and 

Management Sciences and Health Sciences. The significant difference between the median of male 

and female staff members are also reflected in Table A.2.2 (cf. Appendix A). From this table it is clear 

that male staff members are represented in larger numbers in all the age intervals for 2002 and 2005 

except for the interval 20-29 years. If the medians of men and women are compared separately over 

the four years they remain approximately the same. The median of female staff members vary 

between 39 and 41 years, while the median of male staff members vary between 47 and 50 years. In 

2005 the median of male staff members was 49 years and the median of female staff members was 

39 years. Note that the age distribution of female staff members is skewed to the right, while the 

distribution of male staff members is skewed to the left. The result from Table A.2.2 (cf. Appendix A) 

that very few women compared to men are represented in the intervals older than 50 years is also 

reflected in the boxplots. It is clear from these boxplots that the upper quartile of the age distribution 

for women is lower than 50 years for 2002, 2004 and 2005. 
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Figure 3.2.12(b}: Notched boxplots of the age of male and female C1 staff members of the 
Faculty of Science according to gender and year. 

It is clear from Figure 3.2.12 (c) that the medians of the Faculty of Education for both male and female 

staff members are by far the highest when compared to the other faculties. The median of male C1 
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staff members are, again, higher than the median of female staff members for 2002, 2003, 2004 and 

2005. For 2005 the median of male staff members was 54 years while the median of female staff 

members was 50. This indicates that 50% of male staff members in this faculty are older than 54 

years and may reach retirement age within the next six years . The confidence intervals of the 

medians of male staff members overlap with the confidence intervals of female staff members for 

2002, 2003, 2004 and 2005. Therefore the medians do not differ at a 5% significance level over the 

four years . It is also clear from Table A.2.3 (cf. Appendix A) that there are not large differences 

between the percentage of female staff members and the percentage of male staff members in the 

age intervals under 40 years and over 40 years for 2002 and 2005. However, male staff members are 

represented in larger numbers in the intervals over 50 years and this result is also reflected by the 

boxplots . It should also be noted that the age distribution for men shows the largest variation relative 

to the mean in 2004 and 2005 when compared to the age distribution for women. The age 

distributions for men and women are clearly skewed to the left for 2002, 2003, 2004 and 2005. 

- -
60 - -

I 
-

55 ~ I ~ i 50 
......... 
I/) ..... 
cu 
Q) 45 >--Q) 
Ol 
<( 40 

35 

30 

M 2002 F 2002 M 2003 F 2003 M 2004 F 2004 M 2005 F 2005 

Year 

Figure 3.2.12(c): Notched boxplots of the age of male and female C1 staff members 
of the Faculty of Education according to gender and year. 

In Figure 3.2.12 (d) the notched boxplots of the Faculty of AgriSciences are displayed . It is clear that 

the medians of male staff members are substantially higher than the medians of female staff members 

for 2002, 2003, 2004 and 2005. The confidence intervals of the medians of male staff members do 

not overlap once with the confidence intervals of female staff members over the four years . Therefore 

the median of male staff members differs from the median of female staff members at roughly 5% 

significance level for 2002, 2003, 2004 and 2005. The significant difference between the medians of 
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male and female staff members are also reflected in Table A.2.4 (cf. Appendix A) . From this table it is 

clear that male staff members are represented in larger n·umbers in the intervals over 40 years, while 

the representation of male and female staff members are approximately the same for the intervals 

under 40 years for 2002 and 2005. Note that staff members in the intervals over 50 years are mainly 

men with very few women represented in these intervals over the four years . It is clear that there was 

a slight decrease in the medians of both men and women from 2002 to 2005 . The medians of male 

and female staff members for 2005 were 48 years and 36 years respectively . Note that the 

distributions for men are skewed to the left for 2002, 2003, 2004 and 2005, while the distributions for 

women are skewed to the right over the four years . The variation relative to the mean in the age 

distribution for men over the four years is also substantially larger than the variation relative to the 

mean in the distribution for women . The larger variation is mainly caused by a much larger number of 

male staff members than female staff members in this faculty. 
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Figure 3.2.12(d): Notched boxplots of the age of C1 staff members of the Faculty of AgriSciences 
according to gender and year 

It is clear from Figure 3.2.12 (e) that the medians of the Faculty of Law are by far the lowest when 

compared to the other faculties. Similar to the Faculties of Science and AgriSciences the medians of 

male staff members are substantially higher than the medians of female staff members for 2002, 2003, 

2004 and 2005. It is clear that the confidence intervals of the medians of male staff members overlap 

only on ocation with the confidence intervals of female staff members. The overlap occurs in 2005 

and therefore the median of male staff members differs from the median of female staff members at 
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roughly 5% significance level for 2002, 2003 and 2004. The significant differences between the 

median of male and female staff members are also refleCted in Table A.2.5 (cf. Appendix A). From 

this table it is clear that male staff members are represented in larger numbers in all the intervals 

above 30 years for 2002 and 2005 except for the interval 40-49 years in 2005. The representation of 

men and women in the interval 20-29 years is the same for 2002 as well as 2005. It is clear that there 

was· an increase in the median age of women from 2002 to 2005, while there was a decrease in the 

median age of men during this time period. The median age of women increased from 32 years in 

2002 to 34 years in 2005 and the median age of men decreased from 45 years in 2002 to 42 years in 

2005. Because of the increase in the medians of women and the decrease in the medians of men the 

difference between the medians that occurred from 2002 to 2004 decreased in 2005. Note that the 

variation relative to the mean in the age distribution of men is substantially larger than the variation 

relative to the mean in the distribution for women over the four years . This is mainly caused by a 

much larger number of permanent full-time male staff members than female staff members in this 

faculty . The age distributions for men are skewed to the left, while the distributions for women are 

skewed to the right. It should also be noted that there are no female staff members in the intervals 

over 50 years . 

!/) 
L.. 

ro 
Q) c 
Q) 

:/ 

60 

55 

50 

45 

40 

35 

30 

25 

M 2002 F 2002 M 2003 F 2003 M 2004 F 2004 M 2005 F 2005 

Year 

Figure 3.2. 12(e): Notched boxplots of the age of male and female C1 staff members of the 
Faculty of Law according to gender and year. 

Figure 3.2.12 (f) represents the notched boxplots for male staff members in the Faculty of Theology. 

There was only one female staff member in th is facu lty from 2002 to 2004. In 2005 there were no 

female staff members and therefore Figure 3.2.12 (f) only represents the boxplots for male staff 
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members. It is clear that the median age for men decreased substantially from 2002 to 2005. This is 

mainly caused by the retirement of older staff members ·and new appointments. The result is also 

reflected in Table A.2.6 (cf. Appendix A). The median for 2002 was 56 years and the median for 2004 

and 2005 was 43 and 44 years respectively . It is clear that the age distribution was skewed to the left 

in 2002, symmetrical in 2003 and skewed to the right in 2004 and 2005. The appointment of younger 

staff members in 2005 caused the variation relative to the mean in the age distribution to be much 

larger in 2005 than in the previous years. 
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Figure 3.2.12(f): Notched boxplots of the age of male C1 staff members of the Faculty of 
Theology according to gender and year. 

Similar to the Faculties of Science, AgriSciences and Law the median for men in the Faculty of 

Economic and Management Sciences differs substantially from the median for women. It is clear from 

Figure 3.2.12 (g) that the confidence intervals of the medians of male staff members do not overlap 

once with the confidence intervals of female staff members. Therefore the median of male staff 

members differs from the median of female staff members at roughly a 5% significance level for 2002, 

2003, 2004 and 2005. From Table A.2.7 (cf. Appendix A) it is clear that there are substantial 

differences between the percentage of female staff members and the percentage of male staff 

members in the age intervals under 40 years and over 40 years for 2002 and 2005. Male staff 

members are represented in larger numbers in the intervals over 40 years, while female staff members 

are represented in larger number in the intervals under 40 years . It should also be noted that very few 

women are represented in the intervals over 50 years . This result is also reflected in the boxplots and 

note that the upper quartile of the age distribution for women is lower than the lower quartile of the 

Stellenbosch University  https://scholar.sun.ac.za



41 

distribution for men in 2002 and 2003. This indicates that there is a very large difference between the 

location of men and women in the age intervals for these two years . It is also clear that the age 

distributions of women are skewed to the right for 2002, 2003, 2004 and 2005, while the age 

distributions of men are skewed to the left. Because of a larger number of male staff members the 

variation relative to the mean in the age distribution for men is also larger than the variation relative to 

the r'nean in the age distribution for women. 
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Figure 3.2.12(g): Notched boxplots of the age of male and female C1 staff members of the Faculty 

of Economic and Management Sciences according to gender and year. 

Figure 3.2.12 (h) represents the notched boxplots for male staff members in the Faculty of 

Engineering. There are very few women represented in th is faculty with a maximum of five female 

staff members over the four years . Therefore Figure 3.2.12 (h} only represents the notched boxplots 

for male staff members. It is clear that the median age for men remained approximately the same 

from 2002 to 2005. The age distributions are skewed to the right for 2002, 2003 and 2004 and for 

2005 the distribution is skewed to the left. The median age for 2005 was 45 years . From Table A.2 .8 

(cf Appendix A) it is clear that the largest percentage of male staff members is located in the interval 

40-49 years . This result is also reflected by the boxplots with a very large part of the box located in 

this interval. The variation of the age distribution relative to the mean for men remained approximately 

the same from 2002 to 2005. 

Stellenbosch University  https://scholar.sun.ac.za



65 --
-

60 

55 

-· 50 

~ ~ 
I/) ..... 
ct! 
Q) c 45 
Q) 
O> 
~ 40 

35 

30 

25 

M 2002 M 2003 M 2004 M 2005 

Year 

Figure 3.2.12(h): Notched boxplots of the age of male C1 staff members of the Faculty of 
Engineering according to gender and year. 

42 

Finally Figure 3.2.12 (i) compares the age distributions of male and female staff members from 2002 

to 2005 in the Faculty of Health Sciences. Similar to the Faculties of Science, AgriSciences, Law and 

Economic and Management Sciences the medians for men differ substantially from the medians for 

women . The confidence intervals of the medians of male staff members do not overlap once with the 

confidence intervals of female staff members over the four years . Therefore the median of female 

staff members differs form the median of male staff members at roughly 5% significance level for 

2002, 2003, 2004 and 2005. From Table A.2.9 (cf. Appendix A) it is clear that there are substantial 

differences between the percentage of female staff members and the percentage of male staff 

members in the age intervals under 40 years and over 40 years for 2002 and 2005. Male staff 

members are represented in larger numbers in the intervals over 40 years, while female staff members 

are represented in larger number in the intervals under 40 years . This result is also reflected by the 

boxplots with the lower quartile of male staff members always above 40 years, while a large part of the 

lower quartile of female staff members falls below 40 years . The upper quartile of male staff members 

and part of the lower quartile falls in the intervals above 50 years for 2002, 2003, 2004 and 2005, 

while only a very small part of the upper quartile of female staff members falls into these intervals. If 

the medians of male and female staff members are compared separately over the four years they 

remain approximately the same. The median of male and female staff members in 2005 was 43 and 

52 years respectively. The age distribution of men is slightly skewed to the left for 2002, 2003, 2004 
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and 2005, while the age distribution of women is slightly skewed to the left for 2002, 2003 and 2004 

and slightly skewed to the right for 2005. 
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Figure 3.2.12{i): Notched boxplots of the age of male and female C1 staff members of the 
Faculty of Health Sciences according to gender and year. 
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3.3 NoD11-pa11rametric DeD11sity IEstimaU0111 

Non-parametric density estimation obtains a estimate f(.) of the entire density function f(.) while 

parametric density estimation obtains the optimal estimator 8 of 8 for a given parametric density family 

f(.18), such as the two-parameter Normal family N(µ,cr 2
) where 8=(µ,cr 2

). When a parametric 

curve is constructed a model needs to be specified while a non-parametric curve is driven by the 

structure in the data. Therefore there is a very clear difference between non-parametric density 

estimation and parametric density estimation. Non-parametric density estimation is preferred in 

multivariate situations where vague or no information is available on an appropriate model for the data, 

because an incorrectly specified parametric model has a bias that cannot be removed by large 

samples. 

The histogram stood as a very important estimator of densities until the 1950s when Fix and Hodges 

(1951) introduced a basic algorithm for non-parametric density estimation. During the following 

decade progress was made in density estimation when several general algorithms and alternative 

methods were introduced. In the 1970s Scott, Gotto, Cole and Garry (1978) and Silverman (1978b) 

published the first papers that focused on the practical application of these methods. To understand 

these alternative algorithms and methods for density estimation it is necessary to understand the 

histogram. The purpose of a histogram is to graphically summarise the distribution of a univariate 

dataset. The histogram graphically shows the location of the data, spread of the data, skewness of 

the data, presence of outliers and presence of multiple modes in the data. All these features can be 

used to determine the underlying distribution of the data. The classical frequency histogram is formed 

by dividing the interval covered by the data values into equal non-overlapping intervals, called bins. 

The number of points in each bin is counted and for the bin counts to be comparable, the bins should 

all have the same width. A histogram with bins having the same width is completely determined by 

two parameters, the bin width h, and the bin origin, to. The bin origin is any conveniently chosen bin 

interval endpoint and is often chosen to be to = 0. Let Bk= [tk, tk+d denote the k-th bin. The 

histogram has fixed bin width h if tk+l - tk = h for all k. Suppose a histogram is constructed from a 

sample {x1,. • ., x n} with density function f(x) . The histogram will be a frequency histogram if it was 

built using blocks of height 1 and width h stacked in bins. The integral of this histogram will clearly be 

equal to nh. A density histogram uses building blocks of height I /(nh) and therefore the area of each 

block is equal to I In . The height of the density histogram bin represents the proportion of the data in 

each interval. Let uk be the number of sample points falling in bin Bk. Then the density histogram is 

~ u I ~ 
defined as f(x)=-k =-L.}[tktk+il(x;)for xEBk. 

nh nh i=I ' 
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The problems with histograms as density estimators are that they are not smooth, depend on the 

starting point of the grid of bins and the width of the bins. To illustrate these problems the histogram is 

applied as a density estimator to the remuneration data of male C1 staff members in the Faculty of 

Engineering. The R function truehist with prob=TRUE constructs a density histogram. Figure 

3.3.1 represent a histogram with a bin width of h = 5000 and starting point of the grid of bins t 0 = 0. 
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Figure 3.3.1: Histogram estimate of the density of the remuneration for male C1 staff members in 
the Faculty of Engineering. The binwidth is h = 50000 and the starting point of the grid 
of bins is t0 = O. 

The effect of the bin width h and the starting point of the grid of bins are illustrated by Figure 3.3.2 

and Figure 3.3.3. In Figure 3.3.2 the bin width was decreased to h = 15000 and in Figure 3.3.3 the bin 

width was kept the same but the starting point was increased from t 0 = 0 to t 0 = 3000. In Figure 

3.3.1 it appears as if the histogram estimate of the density is unimodel while Figure 3.3.2 and Figure 

3.3.3 show a completely different estimate of the density - it now appears to be bimodal. A mode is a 

set (a collection of points) where f '(x) = O and f"(x) < O. A unimodal histogram is therefore defined to 

be a histogram with one local maximum and a bimodal histogram has two sets of points with a local 

maximum. From Figure 3.3.2 it is clear that the starting point of the grid of bins has an effect on the 

shape of the histogram. If the bin width is kept constant and the starting point is changed to t 0 = 3000 

the histogram in Figure 3.3.2 changes to Figure 3.3.3. As was mentioned above progress was made 

in density estimation and more advanced algorithms and methods for density estimation were 

developed to remove the dependence on the starting points and the width of the bins and to obtain 

smooth density estimators. 
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Figure 3.3.2: Histogram estimate of the density associated with the remuneration of male C1 staff 
members of the Faculty Engineering for 2002. The binwidth is h=15000 and the 
starting point of the grid of bins is t0 = 0 . 
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Figure 3.3.3: Histogram estimate of the density associated with the remuneration of male C1 staff 
members in the Faculty of Engineering for 2002. The binwidth is h=15000 and the 
starting point of the grid of bins is t0 = 3000. 
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The effect of the origins of a histogram can be eliminated by averaging several shifted histograms with 

a constant bin width but different starting points for each bin. The result is the " averaged shifted 

histogram" (ASH) and is discussed in detail in Scott (1992). To construct an average shifted 

histogram consider a collection of m histograms, f'iJ' 2 ,. . ., f 111 , each with bin width h , but with bin origins 

h 2h (m- l)h . 
t 0 = 0, - , - , .. ., , respectively. The average shifted histogram is defined as 

m m m 

Ill h 
f (.) = f ASH(.)= J_ L f; (.) and is piecewise constant over the intervals (k&, (k +I)&] where o = - . Let 

m ;~ m 

Bk = [ko, (k +I)&] denote the k-th bin with bin count uk. The bin count in bin Bk for an ordinary 

histogram with bin width h can then be computed by adding the bin counts in the m intervals 

(k&,(k+I)&]. For example the bin counts in bin B0 for m shifted histograms are: 

u1_111 + ... +u0 , u2_m + ... +u0 +u1, ... , u0 + ... +u 111 _ 1. Therefore the heights for each of these m shifted 

. U1 111 + ... +uo U2 1n + ... +Uo +u1 Uo + ... +u,11 1 · f · histograms are: - , - , ... , - . The height o the ASH in B0 is 
nh nh nh 

the average of these heights and therefore a general expression for the ASH for a point x in bin Bk is 

- 1 ~ (m -jil)uk+J 
f(x;m) = - L.J 

m i;J-m nh 

I m-I [ Iii J 
= - L I - - l)k+I 
. nh j;J-m m 

for x E Bk 

1 [ liol] =-I 1-- l)k. 
nh . h 

I + 

The weights on the bin counts take on the shape of an isosceles triangle with base (-1, 1 ). The general 

ASH uses arbitrary weights, w111 (i), and is defined by f(x; m) =-
1 L w 111 (i)uk+J for x E Bk. In order 

nh Pl<m 

that Jf cx; m)dx = 1, the weights must sum to m. To derive a density estimate for a sample 

x 1, x 2,. .. ,x 11 from an unkown probability density function f(x) let m ~ oo. The counts in the bins will 

reduce to zero or one and the na"ive ASH is the limit f(x)=-
1 f[1-jx-xijl . This is a kernel 

nh . I h 
J; + 

density estimate with a triangular kernel, but smoother kernels of the form f(x) = - L K __ J are • ] 

11 (X-X·) 
b j;J b 

normally preferred with a fixed kernel K() and a bandwidth b. A kernel function is typically used to 

calculate weights and has the following properties (S-Plus 2000, 1999): 
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"' 
JK(z)dz = 1, 

-co 

K(z) ~ O for all z and 

K(-z) = K(z) for all z (symmetry). 

Therefore K is often chosen to be a probability density function. The fact that virtually all non

parametric algorithms are asymptotically kernel methods is demonstrated empirically by Walter and 

Blum (1979) and proved rigorously by Terrel and Scott (1992). The only built-in R function specifically 

for density estimation is density. The default kernel is the normal (argument 

kernel="gaussian"), with alternatives "epanechnikov", "rectangular", "triangular", 

"biweight", "cosine" and "optcosine". The bandwidth controls the amount of smoothness in the 

estimator for a given sample. The kernels are scaled such that this is the standard deviation of the 

smoothing kernel. Mathematically there is a recurring trade-off between bias and variance that is 

determined by the choice of the bandwidth. The bias of f(x) may be reduced by making b small; 

however the variance is large. On the other hand the variance may be controlled by making b large; 

however the bias is large. Silverman (Silverman, 1986) provided a rule of thumb for choosing the 

bandwidth of a Gaussian kernel density estimator. For the interquartile range R Silverman's rule is 

I 

b = 0.9 min(O-, RI l.34)n -5. A variation of Silverman's rule given by Scott (1992) is 

I 

b = 1.06 min(O-, RI l.34)n 5 . These formulae can be evaluated via the R functions bw. nrdO and 

I 

bw. nrd. The upper bound on the (Gaussian) bandwidths is hos = 1.1440- n -5 (Scott, 1992). These 

rules provide reasonable initial choices for optimal bandwidth specification, but there are also 

automatic (data-driven) procedures available to find b. These procedures are discussed by Hardie 

(1991) and Scott (1992) and are based on minimising the mean integrated square error 

MISE=E ~f(x;b)-f(xf dx = JElf(x;b)-f(xf dx as a function of b. The MISE can be expanded as 

MISE=E Jf<x;b) 2 dx-2EfcX;b)+ Jr(x) 2 dx where the third term is constant and so can be dropped. 

The first term fcx; b) can be computed easily by fitting a probability density function and cross

validation methodology are used to construct an unbiased estimator for EfcX;b). Cross-validation is 

based on removing one data point and using the remaining observations to fit a density function. The 

procedure is repeated n times, once for each of the data points {x 1 , ••• ,x 0 }, and the results averaged. 

Let the fitted value be fcx;;b)_;. Then the unbiased cross-validation criterion UCV(b) is given by 

UCV(b) = Jf<x; b) 2 dx-~ I f(x;; b)_; . The criterion UCV(b) tends to produce an nearly unbiased 
n i=l 
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estimate for b , but has a much larger variance then the biased cross-validation criterion BCV(b). The 

criterion BCV(b) is minimized over b :::> bos and although BCV(b) is less variable it does not qualify as 

a general replacement for UCV(b). Both UCV(b) and BCV(b) can have multiple local minima and the 

formulae does not perform well for large datasets (say thousands of observerations), because it 

involve calculations using the distances between all pairs of points. Scott (1992) provides formulae for 

the Gaussian kernel and these formulae can be evaluated via the R functions ucv and bcv. Ideas in 

bandwidth selection have developed rapidly since 1990 and another approach is to make an 

asymptotic expansion of MISE of the form MISE= nib JK 2 +~b 4 J<f") 2 {Jx 2 K}2 +O(l/nb+b 4 )so if 

the remainder is neglected, the optimal bandwidth would be 

Details are given by Sheather & Jones (1991) and Wand & Jones (1995). The R function width. SJ 

can be used to evaluate this formula. Kernel density estimators are smooth, have no starting points 

and depend on the bandwidth (smoothing parameter). Figures 3.3.4 and 3.3.5 illustrate how the 

kernel density estimate eliminates the problems of histograms as density estimators. The histogram in 

Figure 3.3.4 takes on the bimodal shape of the kernel density estimate after the bin width h was 

decreased to 15000. Figure 3.3.5 illustrates how the increased starting point of the grid of bins 

t 0 = 3000 changed the shape of the histogram to conform to the shape of the kernel density estimate. 

Therefore by choosing the correct bandwidth (smoothing parameter) an accurate smooth estimate for 

the density of the data can be obtained that does not depend on the starting points and bin widths of a 

histogram. Although there has been useful research on kernel design in special situations the quality 

of the density estimate is primarily determined by the choice of the bandwidth, and only in a minor way 

by the choice of the kernel (Scott 1992). 
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Figure 3.3.4: Histogram and Kernel density estimates associated with the remuneration of male C1 
staff members in the Faculty of Engineering for 2002. The binwidth is h=15000 and 
the starting point of the grid of bins is t0 = 0. 
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Figure 3.3.5: Histogram and Kernel density estimates of the remuneration for male C1 staff 
members in the Faculty of Engineering for 2002. The binwidth is h=15000 and the 
starting point of the grid of bins is t0 = 3000. 
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It was mentioned that there is a difference between non-parameteric density estimation and 

parametric density estimation. This difference can now be illustrated by comparing the non-parametric 

kernel density estimate to the parametric normal estimate. In Figure 3.3.6 the histogram density 

estimate, parametric normal estimate and the non-parametric kernel density estimate of the 

remuneration of male C1 staff members in the Faculty of Engineering are drawn on the same graph. 

From this figure it is clear that the normal parametric estimate is symmetric and does not take the 

skewness in the data into account. The parametric density estimate is also unimodal while most of the 

density estimates in section 3.4 will be bimodal as in Figure 3.3.6. Therefore it is not justifiable to use 

the parametric normal density estimate for situations where vague or no information is available on an 

appropriate model for the data. 
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Figure 3.3.6 : Histogram, kernel and normal density estimate of the remuneration of male staff 
members in the Faculty of Engineering for 2002. 
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In this section the R function density will be used to obtain non-parametric density estimates for 

the remuneration data. The first argument in this function is a vector of the data from which the 

estimate is to be computed, the argument kernel/window is set equal to "gaussian" and the 

argument bw is set equal to the bandwidth method that gives an adequate density estimate. The 

bandwidth methods available in R are discussed in section 3.3. 

In Figures 3.4.1 and 3.4.2 kernel density estimates are presented for the remuneration distributions for 

2002, 2003, 2004 and 2005. These densities were constructed by the R function func.density (cf. 

Appendix B). The average remuneration is indicated by a dashed line. It is clear that all the density 

estimates have two modes except the density estimate for the 2004 remuneration data which have 

three modes. Furthermore, all the density estimates have a small hump to the right of the main peak. 

A second mode or a hump indicates that the remuneration distribution could be a mixture of two or 

more distributions and is mainly caused by factors such as age, academic qualifications, ranks and 

research outputs. Tables A.1.1 and A.1.2 indicate that the median as well as the average 

remuneration of the University increased by 26% from 2002 to 2005. These increases are also 

reflected by the density estimates and the movement of the dashed line to higher remuneration values. 

In 2002 the main mode was around R219 710 and in 2005 the main mode corresponded to a 

remuneration value that was around R268 688. An increase in variation occurred from 2002 to 2005 

which leads to wider density curves with longer tails. 

In section 3.3 it was shown that to use normal distributions for density estimation are not justifiable and 

therefore it will be wrong in many cases to use normal densities to calculate probabilities associated 

with the relevant data. However, numerical integration can be used to calculate the probabilities by 

approximating the area under the non-parametric density curve at a certain remuneration value. In 

Figure 3.4.1 the main mode of the density for 2002 occurs at approximately R219 710 and the 

probability that a staff member earned more than R219 71 O in 2002 is equal to one minus the area 

underneath the density curve from 0 to R219 710. This area can be calculated by the R function 

numerical.integral (Appendix B), constructed by users of R in the Department of Statistics and 

Actuarial Science, Stellenbosch University. This function is a piecewise approach to numerical 

integration that uses the Composite Simpson's rule on n subintervals (Burden and Faires, 1993) to 

approximate the area between 0 and a given remuneration limit. The function numerical.integral is 

called by the function numerical.integration (cf. Appendix B) that returns a matrix with the estimated 

density values and the probabilities of earning more than these estimated values for 2002, 2003, 2004 

and 2005. These functions are used to calculate the values of Table 3.4.1. It is clear from Table 3.4.1 
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that the main modes for 2002 and 2003 occurred around R219 710 and R233 692 respectively. The 

probabilities of earning more than these remuneration values remained at approximately 0.5 for 2002 

and 2003. Furthermore, the number of staff members occurring to the right of the main mode 

increased slightly from 2002 to 2003. In 2004 and 2005 the number of staff members to the right of 

the main mode increased as well as the probabilities of earning more than the remuneration values at 

the main mode. It is mainly promotions, new appointments and an increase in remuneration from 

2003 to 2005 that caused an increase in the number of staff members located to the right of the main 

mode and flatter density curves with longer tails for 2004 and 2005. If the ranks of C1 staff members 

in the 2002, 2003, 2004 and 2005 datasets are closely examined it is clear that many staff members 

were promoted from the ranks of Lecturer to Senior Lecturer, Senior Lecturer to Associate Professor 

and from Associate Professor to Professor in 2004 and 2005. These promotions are mainly 

responsible for the substantial changes in the density estimates from 2002 to 2005. 

Table 3.4. 1 : The remuneration values at which the main mode occur, the number of staff located to 

the right, the total number of staff, the proportion of staff located to the right of the main 

mode and the probabilities for staff to earn more than the remuneration values at the 

main mode for 2002, 2003, 2004 and 2005. 

Year Location of #Staff Total Prop. Prob. 
main mode 

2002 R219 710 398 728 0.55 0.53 
2003 R233 692 412 718 0.57 0.55 
2004 R235 963 435 746 0.58 0.59 

2005 R268 688 406 720 0.56 0.56 
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FIGURE 3.4. 1: Kernel density estimates of the densities associated with the remuneration of C 1 staff 
members at the University for 2002 and 2003. The mean earnings are indicated by 
dashed lines. 
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FIGURE 3.4.2: Kernel density estimates of the densities associated with the remuneration of C 1 
staff members at the University for 2004 and 2005. The mean earnings are indicated 
by dashed lines. 
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3.4.1 Density !Estimates for tlhe Nine IFaicumes 

Figures 3.4.3, 3.4.4, 3.4.5 and 3.4.6 compare the estimated distributions of the various faculties for 

2002, 2003, 2004 and 2005. The R function faculty.density (cf. Appendix B) was written to plot the 

density estimates for the various faculties on the same graph, while the function tune.density (cf. 

Appendix B) can be used to plot the density estimates of each faculty on separate graphs. The 

function, tune.density, also indicates the average remuneration of each faculty with a dashed line on 

the graph. Density estimates for the various faculties except for the Faculty of Engineering are plotted 

on the same graph in Figures 3.4.3 and 3.4.4. In Figures 3.4.5 and 3.4.6 the density estimates of all 

nine faculties including the Faculty of Engineering are plotted on the same graph. Figures 3.4.9 

through 3.4.26 represents the density estimates and average remuneration of each faculty on 

separate graphs for 2002 to 2005. 

From Figures 3.4.3 and 3.4.4 it is clear that the order of the modes of the various faculties is the same 

as the order of the means in Table A.1.2. Note that the Faculties of Arts, Science and Education had 

the lowest average remunerations for 2002 and 2003 while the Faculties of Arts, Education and 

AgriSciences had the lowest average remunerations for 2004 and 2005. The Faculties of Law, 

Economic and Management Sciences, Engineering and Health Sciences had the highest average 

remunerations for 2002, 2003, 2004 and 2005. It is also clear that the density estimates of the various 

faculties are very similar, except for the densities of the Faculties of Engineering and Health Sciences. 

These faculties have densities that differ widely from the densities of the other faculties. 
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From Table A.1 .2 it is clear that the biggest difference between the average remunerations of male 

and female staff members occurred in the Faculty of Health Sciences for 2002, 2003, 2004 and 2005. 

Figures 3.4.9 and 3.4.10 clearly indicate that the Faculty of Health Sciences has two modes in 2002, 

2003, 2004 and 2005, respectively. The second (lower) mode occurs around R438 988 for 2002, 

R475 284 for 2003, R503 916 for 2004 and R556 451 for 2005. It suggests that the density of the 

Faculty of Health Sciences is a mixture of two densities for 2002, 2003, 2004 and 2005. In 2002 the 

first normal density had a mean of approximately R183 547 and the second had a mean around 

R438988. These means increased from 2002 to 2005 to R214 462 and R556 451 respectively. Thus, 

two groups of staff members can be distinguished for 2002, a group that comes from a normal 

population with a mean of R183 547 and a smaller group that comes from a normal population with a 

mean of R438 988. 

The means for the normal populations of 2003, 2004 and 2005 are given by Tables 3.4.5 and 3.4.6. 

The two groups of staff members coul~ be explained by the fact that most of the male staff members 

in this faculty are professional medical specialists and therefore receive very large salaries compared 

to their female colleagues. From Table 2.1 it follows that there are 117 C1 staff members in the 

Faculty of Health Sciences for 2005 of which 53 are men and 64 are women . If the number of 

medical specialists is withdrawn from this dataset it follows that there are a total of 49 ( 41 % of the total 

number of staff members) specialists of which 41 are men and 8 are women. Thus, the presence of 

two groups is obvious: a group of mostly male staff members that are medical specialists and receives 

large salaries and a group of mostly female staff members that are non-specialists and receives 

smaller salaries. If this explanation is adopted then fitting a mixture distribution with two normal 

components would make sense. However, it is important to keep in mind that the effectiveness and 

accuracy of the assumption of normality is debatable and the validity of this assumption needs to be 

inspected. 

It is important to distinguish finite mixture analysis from a rather popular group of classification 

techniques called cluster analysis. Cluster-analytical techniques classify data into different, 

supposedly more homogeneous, subsets. The uncertainty inherent in the assignment of a person to a 

component is ignored and this leads to distorted estimates of means and variances. The means and 

variances of clusters obtained by splitting data into groups are, in general, not good estimates of 

means and variances of the components in a mixture (Flury, 1997). Flury (1997) defined a finite 

mixture distribution as follows. 
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Defenition 3.1: Finite mixture distribution 

Assume Y : n x I is a continuous random variable whose distribution is given conditionally on X j = I . 

The integer variable X j, j =I, ... , p indicates to which component each of the observations belongs. 

The joint probability density function of X and Y can then be written as 

{
7tjfi(y) if xj =l, allother xh =0,ye9lP} 

fxv(x,y)= O ,otherwise 

k 

where 7t j = Plx j = I J j =I, ... , k denote the prior probability for group and I 7t j =I . The marginal 
j=l 

probability density function of Y is given by 

k 

fy(y)= :~:>jfj(y). (3.1) 
j=l 

The probability density function of the random variable Y in (3.1) is called a finite mixture density. 

The EM-algorithm from Flury (1997) can be used to estimate the parameters of a p-variate normal 

mixture. Note that these estimates are estimated from the population. For the remuneration of the 

Faculty of Health Sciences for 2002 the EM-algorithm is started by assuming equality of variances in 

both components and using initial values of n 1 = 0.5, 7l' 2 = 0.5, µ 1 = 180000, µ 2 = 420000 and a-= 

150000. The function EM.EQ. VAR (cf. Appendix B) is used to execute the EM-algorithm for equal 

variances. Table 3.4.2 gives details of the computations for the first 19 itterations. The parameter 

estimates reach their final values practically during the first ten iterations. The procedure was 

continued to over 50 iterations without producing any changes in the decimal digits shown in the last 

line in Table 3.4.2. The final parameter estimates are fr1 =0.59, fr 2 =0.41, fl,1 = 1817 48, fi,2 = 431506 

and 8 =45193. Note that the estimates of the means are approximately the same as the two mean 

values for each mode of the kernel density estimate of the Faculty of Health Sciences for 2002, 

included in Tables 3.4.5 and 3.4.6. The estimates for the proportion also indicate that a higher 

proportion of staff members belong to the first group. From the kernel density estimate it is also clear 

that the group belonging to the first mode is much larger than the group belonging to the second 

mode. 
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Table 3.4.2: The first 19 iterations of the EM-algorithm for the remuneration of the Faculty of 

Health Sciences for 2002 

1l"1 1l"2 µI µ2 ()" likelihood 
0.5 0.5 180000 420000 150000 -1478.48 

0.5396 0.4604 213342 364671 106726 -1461.94 
0.5485 0.4515 204426 378476 97864 -1458.35 
0.5612 0.4388 193718 397237 82946 -1448.66 
0.5774 0.4226 184015 418291 60723 -1428.87 
0.5885 0.4115 180836 429130 46366 -1420.29 
0.5930 0.4070 181432 430991 45253 -1420.16 
0.5942 0.4058 181675 431390 45203 -1420.16 
0.5945 0.4055 181731 431480 45195 -1420.16 
0.5945 0.4055 181744 431500 45193 -1420.16 
0.5945 0.4055 181747 431504 45193 -1420.16 
0.5945 0.4055 181747 431505 45193 -1420.16 
0.5945 0.4055 181748 431506 45193 -1420.16 
0.5945 0.4055 181748 431506 45193 -1420.16 
0.5945 0.4055 181748 431506 45193 -1420.16 
0.5945 0.4055 181748 431506 45193 -1420.16 
0.5945 0.4055 181748 431506 45193 -1420.16 
0.5945 0.4055 181748 431506 45193 -1420.16 
0.5945 0.4055 181748 431506 45193 -1420.16 
0.5945 0.4055 181748 431506 45193 -1420.16 

The mixture density fy(y)=it 1f(y;µ 1,&2)+it 2f(y,µ 2,&2)is shown in Figure 3.4.7, together with a 

histogram of the data. Figure 3.4. 7 confirms a rather nice fit of the normal mixture model. Figure 3.4.8 

gives a plot of estimated posterior probabilities itiY =itif(y;µi,& 2)/fy(y) for 66339 < y< 478265. 

After some algebra the cutoff point in the normal mixture with equal variances is given by 

1 a
2 

P1 c=-{µ 1 +µ 2 )- log-. 
2 µI -µ2 P2 

The optimal cutoff point obtained using the estimated parameters in this equation is c =306627, visible 

in Figure 3.4.8 as the point where the two curves intersect. For each given remuneration value in the 

Faculty of Health Sciences for 2002 a graph like Figure 3.4.8, allows us to assess the confidence in 

the assignment of an object to one of two groups. For the remuneration of the Faculty of Health 

Sciences for 2002 there would be very little doubt how to classify staff with remuneration smaller then 

R270 00 or larger than R340 000. For remunerations in between these limits, however, there would 

be considerable uncertainty, particularly, if the remuneration value is near the cutoff point c =306627. 
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If equality of variances is not assumed for the remuneration of the Faculty of Health Sciences for 2002 

the function EM (cf. Appendix B) is used to execute the EM-algorithm for unequal variances. The EM-

algorithm is started by using initial values of 7r1 = 0.5, 7l" 2 = 0.5, µ 1 = 180000, µ 2 = 420000 and 

a 1 = a-2 = 150000. Table 3.4.3 gives details of the computations for the first 17 iterations. The 

parameter estimates reach their final values practically during the first 14 iterations. The procedure 

was continued for more than 50 iterations without producing any changes in the decimal digits shown 

in the last line in Table 3.4.3. The final parameter estimates are it1 =0.60, it2 =0.40, fi,1 = 183503, 

fl,
2 
= 434279, 8 1 = 50358 and a 2 = 35406. These estimates are slightly different from those obtained 

from the EM algorithm for equal variances, but much closer to the two mean values for each mode of 

the kernel density estimate of the Faculty of Health Sciences for 2002, included in Tables 3.4.5 and 

3.4.6. 

The remuneration of the Faculty of Health Sciences is a case of a "well behaved" normal mixture 

likelihood. The presence of two components is obvious, and the algorithm finds the parameter values 

near the maximum rather quickly for both equal variances and unequal variances. Note that the value 

of the likelihood function increases until a stationary point is reached. If equality of variances is 

assumed, convergence is typically faster. Table 3.4.4 compares the estimates for the population 

obtained by the EM algorithms with the true parameter values of the population. The estimates for the 

proportion of male and female staff members in the Faculty of Health Sciences are very close to the 

true parameter values of the population. Note that the estimates for the average remuneration and 

standard deviation of male and female staff members differ from the true parameter values of the 

population. 

Table 3.4.3: The first 17 iterations of the EM-algorithm for the remuneration of the Faculty of 

Health Sciences for 2002 

Jr] 7l" 2 µ1 µ2 (JI a-2 likelihood 
0.5 0.5 180000 420000 150000 150000 -1478.48 

0.5396 0.4604 213342 364671 98850 115273 -1460.86 
0.5347 0.4653 201185 377057 84806 109103 -1455.59 
0.5315 0.4685 186707 392290 64415 96362 -1443.42 
0.5439 0.4561 177818 408468 47332 76423 -1430.32 
0.5625 0.4375 176555 419912 43655 57243 -1423.7 
0.5752 0.4248 177909 425325 44433 48188 -1421.29 
0.5858 0.4142 179991 428737 46682 43679 -1419.75 
0.5953 0.4047 181900 431746 48696 39425 -1418.47 
0.6010 0.3990 183057 433592 49887 36535 -1417.98 
0.6028 0.3972 183422 434159 50268 35602 -1417.93 
0.6031 0.3969 183490 434261 50344 35435 -1417.93 
0.6032 0.3968 183501 434276 50356 35410 -1417.93 
0.6032 0.3968 183503 434278 50358 35407 -1417.93 
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0.6032 0.3968 183503 434279 50358 35406 -1417.93 
0.6032 0.3968 183503 434279 50358 35406 -1417.93 
0.6032 0.3968 183503 434279 50358 35406 -1417.93 
0.6032 0.3968 183503 434279 50358 35406 -1417.93 

Table 3.4.4: Parameter values for the remuneration of the Faculty of Health Sciences compared to 

the parameter estimates for the population obtained by the EM-algorithm for equal 

variances and unequal variances. 

Parameter Population Estimate for equal variances Estimate for unequal variances 

1l"1 
0.44 0.41 0.40 

7l" 2 
0.56 0.59 0.60 

(Y 45193 

(YI 
87979 35406 

<Yz 94136 50358 

µ1 198705 181748 183503 

µ2 389692 431506 434279 

From Figures 3.4.3, 3.4.4, 3.4.5 and 3.4.6 it is clear that there are large differences between the 

density estimates of the Faculty of Health Sciences and the density estimates of the other faculties. 

The variation of the Faculty of Health Sciences is much higher compared to the variation of the other 

faculties for 2002, 2003, 2004 and 2005. When the locations of the two modes in Figures 3.4.9 and 

3.4.1 O are compared for 2002, 2003, 2004 and 2005 it is clear that the location of the estimated 

distribution of the first mode did not differ much over the four years. However, the location of the 

second mode moved to the right over the four years indicating an increase in the average 

remuneration of staff members contained in the group that forms the second component of the mixture 

distribution. Furthermore, the second component reveals that approximately half of the staff members 

contained in this component earned more than R556 451 for 2005. It is clear that there is an increase 

in the variation of the remuneration contained in the first and second components of the mixture 

distributions. 

Table 3.4.5 reveals that the number of staff members to the right of the first mode as well as the 

probabilities to earn more than the values at the main mode remained approximately the same from 

2002 to 2005. It can be said, therefore, that the group of staff members to the right of the first mode 

remained approximately the same for each year. From Table 3.4.6 it is clear that the number of staff 

members to the right of the second mode remained approximately the same from 2002 to 2005 as well 

as the probabilities of earning more than the remuneration values at the second mode. However, the 

remuneration values at the second mode increased substantially when compared to the increase in 
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the remuneration values at the first mode. The movement of the first and second modes from 2002 to 

2005 is mainly caused by an increase in the salaries of staff members, promotions and new 

appointments. If the dataset of the Faculty of Health Sciences is closely examined it is clear that 

medical specialists received high increases from 2004 to 2005 and therefore the second mode shows 

a large movement from 2004 to 2005. This result is also reflected by the increase in the median and 

variation relative to the mean of the notched boxplot of male staff members for 2005 in Figure 3.2.8 {i), 

because it is mainly male staff members that are located to the right of the second mode. 

The results obtained for the densities of the Faculty of Health Sciences stresses the importance of 

density estimation. For example, the average remuneration of the Faculty of Health Science in 2005 

was R347 254, but its density estimate has a mode at R556 451. Thus, the density estimate reveals 

more properties of the underlying distribution of the remuneration variables than reporting only a 

location estimate like the mean. 

Table 3.4.5 : The remuneration values at which the first mode occur, the number of staff located to 

Year 

2002 
2003 
2004 
2005 

the right, the total number of staff, the proportion of staff located to the right of the first 

mode and the probabilities for staff to earn more than the remuneration values at the 

first mode of the Faculty of Health Sciences for 2002, 2003, 2004 and 2005. 

location of #Staff Total Prop. Prob. 
151 mode 
R183 547 79 111 0.71 0.69 
R203 931 74 103 0.72 0.72 
R217 371 72 102 0.71 0.70 
R214 462 82 117 0.70 0.70 

Table 3.4.6: The remuneration values at which the second mode occur, the number of staff located to 

the right, the total number of staff, the proportion of staff located to the right of the 

second mode and the probabilities for staff to earn more than the remuneration values at 

the second mode of the Faculty of Health Sciences for 2002, 2003, 2004 and 2005 . 

Year location of #Staff Total Prop. Prob. 
2"d mode 

2002 R438 988 27 111 0.24 0.19 
2003 R475 284 30 103 0.29 0.20 
2004 R503 916 27 102 0.26 0.19 
2005 R556 451 29 117 0.25 0.18 
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FIGURE 3.4.9: Kernel density estimates of the densities associated with the remuneration of the 
Faculty of Health Sciences for 2002 and 2003. The mean earnings are indicated 
by dashed lines. 

2004 2005 

004 004 

0.03 0.03 

0 0 
0 0 
0 0 
0 0 
0 0 
~ 0.02 ~ 0.02 
&;- &;-
·u; ·u; 
c: c: 
Q) Q) 

Cl Cl 

0.01 0.01 

0 0 

Remuneration(x 1 DDOD)(Rand) Remuneration(x 1 OOOO)(Rand) 

67 

FIGURE 3.4.10: Kernel density estimates of the densities associated with the remuneration of the 
Faculty of Health Sciences for 2004 and 2005. The mean earnings are indicated by a 
dashed lines. 
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There is a suggestion from Figure 3.4.11 that the Faculty of Science have four modes in 2002 with the 

second (lower) mode occurring close to R300 000 and the third and fourth very small modes occurring 

around R400 000 and R550 000. It seems that the density of the Faculty of Science could be a 

mixture of four distributions. From Figure 3.4.12 it is clear that the density estimate of Science 

performs substantially differently in 2004 and 2005. The fourth mode disappears in the 2004 and 

2005 density estimates. This is mainly caused by the retirement of staff members located in the fourth 

mode. From the median and average remunerations in Tables A.1.1 and A.1.2 it is clear that the 

remuneration of C1 staff members increased from 2002 to 2005. This is also reflected most clearly by 

the changes in the density estimates from 2002 to 2005. In 2002 the main peak was around R212 

858 and in 2005 the main peak corresponded to a remuneration value of R260 588. It is also clear 

that the variation of the density estimate increased from 2002 to 2005 which causes the density curves 

to become wider with heavier tails. 

The changes in the density estimate from 2002 to 2005 are also reflected by Table 3.4.7. It is clear 

that the number of staff members to the right of the main mode remained approximately the same from 

2002 to 2005. These staff members had a probability of approximately 0.5 to earn more than the 

remuneration values at the main mode for 2002, 2003, 2004 and 2005. Therefore, the area to the 

right of the main mode under the density curve remained approximately the same for each year. The 

flatter density estimates of 2004 and 2005 were mainly caused by promotions, an increase in the 

salaries of staff members and new appointments. The wider density estimate of 2005 agrees with the 

results obtained from Figure 3.2.8 (b). According to Figure 3.2.8 (b) it is mainly male staff members 

that are located to the right of the main mode. Furthermore, the dashed line indicating the average 

remuneration shows that the density estimates are slightly skew to the right. 

Table 3.4. 7 : The remuneration values at which the main mode occur, the number of staff located to 

the right, the total number of staff, the proportion of staff located to the right of the main 

mode and the probabilities for staff to earn more than the remuneration values at the 

main mode of the Faculty of Science for 2002, 2003, 2004 and 2005. 

Year Location of #Staff Total Prop. Prob. 
main mode 

2002 R212 858 78 143 0.55 0.53 
2003 R225 166 83 143 0.58 0.55 
2004 R230 356 81 143 0.57 0.58 

2005 R260 588 76 128 0.59 0.58 

To examine and describe the shape of each of the estimated densities the kurtosis of the distribution is 

calculated. Note that kurtosis is normally calculated for distributions with one mode and the density 

estimate of the Faculty of Science has four modes for 2002. Fortunately, the second, third and fourth 

modes in this distribution are only small humps and not very prominent and therefore the kurtosis 

would give an indication whether the distribution is peaked or flat. 
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Defenition 4.2: Kurtosis 

Kurtosis is a measure that describes the distribution of observed data around the mean and whether 

the data are peaked or flat relative to the normal distribution. The kurtosis for a standard normal 

distribution is three. For univariate data X 1, X 2 , ... , XN, the formula for kurtosis is: 

N 

L(X; -X)4 
i=I kurtosis 

(N - l)s4 

where X is the mean, sis the standard deviation, and N is the number of data points. 

A kurtosis value higher then three indicates a peaked distribution with positive kurtosis while a kurtosis 

value lower then three indicates a flat distribution with negative kurtosis. Kurtosis is also a parameter 

that describes the shape of a random variable's probability density function. Probability density 

functions with kurtosis larger than three are simultaneously peaked and have heavier tails. 

From Table 3.4.8 it is clear that the kurtosis of the distribution of the remuneration for the Faculty of 

Science decreased from 2002 to 2005 which implies that the distribution became flatter. The kurtosis 

is larger than three over the four years and therefore the distributions for 2002, 2003, 2004 and 2005 

have a positive kurtosis that becomes normal in 2005. 

Table 3.4.8 : Kurtosis for the distribution of the remuneration of the Faculty of Science according to 

year. 

2002 2003 2004 2005 
8.0101 6.6260 3.4276 3.0322 

Defenition 4.3 :Skewness 

For univariate data X 1 ,X 2 ,. •• ,XN, the formula for skewness is: 

N 

L(X; -X)3 

skewness i=I 

(N - l)s3 

where X is the mean, s is the standard deviation, and N is the number of data points. 

The skewness for a normal distribution is zero, and any symmetric data should have skewness near 

zero. Negative values for the skewness indicate data that are skewed left and positive values for the 

skewness indicate data that are skewed right. 

Table 3.4.9 indicates that the skewness of the distribution of the remuneration for the Faculty of 

Science decrease towards 2005 which implies that the distribution became more symmetrical towards 
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2005. The skewness is positive for each year and therefore the distributions for 2002 to 2005 are 

skewed to the right. The values of the skewness for 2004 and 2005 are closer to zero which indicates 

that the distributions become normal. This result was also derived from the kurtosis for the Faculty of 

Science. 

Table 3.4.9 : Skewness for the distribution of the remuneration of the Faculty of Science according to 

year. 

2002 2003 2004 2005 
1.27 1.33 0.72 0.59 

Figures 3.4.13 and 3.4.14 indicate that the density estimates of the Faculty of Arts have one very 

prominent mode with a very small hump to the right for 2002, 2003, 2004 and 2005. A small second 

mode is located to the right of the main peak at high remuneration values for 2002 and 2003. The 

densities are approximately symmetric and only slightly skew to the right for 2002, 2003, 2004 and 

2005. The hump implies that the distribution of the Faculty of Arts might be a mixture of three or more 

distributions for these years. The location of the estimated distribution of the Faculty of Arts did not 

vary significantly over the four years with the main peak around R191 976 in 2002 and in 2005 the 

estimated density had a peak around R231 919. Thus, the average remuneration for the Faculty of 

Arts increased from 2002 to 2005. This result is also reflected by the movement of the dashed line. 

Although the density estimates for the Faculty of Arts are very similar over the four years it is very 

clear from Figures 3.4.13 and 3.4.14 that the estimated density curves become wider with heavier tails 

towards 2005. 

From Table 3.4.10 it is clear that there was a slight increase in the number of staff members located to 

the· right of the main mode from 2002 to 2005. The probabilities of earning more than the 

remuneration value at the main mode remained at approximately 0.6 for 2002, 2003, 2004 and 2005. 

Table 3.4.10 also reflects the movement of the main mode to the right from 2002 to 2005. This 

movement and the wider density curves are mainly caused by an increase in salaries, promotion of 

certain staff members and new appointments. 

Table 3.4.10: The remuneration values at which the main mode occur, the number of staff located to 

the right, the total number of staff, the proportion of staff located to the right of the 

main mode and the probabilities for staff to earn more than the remuneration values at 

the main mode of the Faculty of Arts for 2002, 2003, 2004 and 2005. 

Year Location of #Staff Total Prop. Prob. 
main mode 

2002 R191 976 83 150 0.55 0.58 
2003 R208 317 83 149 0.56 0.58 
2004 R213 688 90 153 0.59 0.59 
2005 R231 919 92 146 0.63 0.63 

Stellenbosch University  https://scholar.sun.ac.za



2002 

0.08 

0.07 

0.06 

0 0.05 
0 
0 
0 
0 
~ 0.04 
&;-
·u; 
c 

c':1:l 0.03 

0.02 

0.01 

0.0 

0 10 20 30 40 50 60 

Remuneration(x 1 OOOO)(Rand) 

70 80 

0.08 

0.07 

0.06 

0 0.05 
0 
0 
0 
0 
~ 0.04 
i!:' ·u; 
c 

c':1:l 0.03 

0.02 

0.01 

0.0 

71 

2003 

0 10 20 30 40 50 60 70 80 

Remuneration(x 1 OOOO)(Rand) 

FIGURE 3.4. 11: Kernel density estimates of the densities associated with the remuneration of the 
Faculty of Science for 2002 and 2003. The mean earnings are indicated by dashed 
lines. 
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FIGURE 3.4. 12: Kernel density estimates of the densities associated with the remuneration of the 
Faculty of Science for 2004 and 2005. The mean earnings are indicated by dashed 
lines. 
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Table 3.4.11 : Kurtosis for the distribution of the remuneration of the Faculty of Arts according to 

year. 

2002 2003 2004 2005 
3.7093 5.6418 3.4764 3.4053 

72 

It is clear from Table 3.4.11 that the kurtosis of the distribution is larger than three and therefore 

positive. However, the distribution becomes flatter over the four years and close to normal in 2004 

and 2005. 

The estimated densities of the Faculty of Education for 2002, 2003, 2004 and 2005 are compared in 

Figures 3.4.15 and 3.4.16. It is clear that all the densities have one very prominent mode with a hump 

to the right. This hump implies that the distribution for the Faculty of Education could be a mixture of 

two distributions. Furthermore, it is clear that the distribution for the Faculty of Education is 

approximately symmetric and only slightly skew to the right. It seems that the location of the 

distribution did not vary significantly over the four years with the main peak around R192 098 in 2002 

and in 2005 the estimated density had a peak around R255 526. Thus, the average remuneration of 

the faculty increased from 2002 to 2005. The increase in mean earnings is also clearly shown on 

each graph by the movement of the dashed line to higher remuneration values. From the location of 

the line it can also be concluded that the distributions are skew to the right. Although the density 

estimates of the Faculty of Education show similarity over the four years it is clear from Figures 3.4.15 

and 3.4.16 that the estimated densities become wider with heavier tails towards 2005. 

According to Table 3.4.12 the number of staff members located to the right of the main mode as well 

as the probabilities of earning more than the remuneration values at the main mode remained 

approximately the same for 2002 to 2005. It can be said, therefore, that staff members that were 

located to the right of the main mode in 2002 moved to higher remuneration values together with the 

main mode and remained at the right side of the main mode. They received promotions and higher 

salaries from 2002 to 2005 and therefore the density curve becomes flatter towards 2005. The 

probabilities for staff members to earn more than the values at the main modes remained 

approximately the same for each year. 

Table 3.4.12 : The remuneration values at which the main mode occur, the number of staff located to 

the right, the total number of staff, the proportion of staff located to the right of the 

main mode and the probabilities for staff to earn more than the remuneration values at 

the main mode of the Faculty of Education for 2002, 2003, 2004 and 2005. 

Year Location of #Staff Total Prop. Prob. 
main mode 

2002 R192 098 23 41 0.56 0.59 
2003 R204 434 25 41 0.61 0.60 
2004 R228 755 22 39 0.56 0.57 

2005 R255 526 23 36 0.64 0.59 
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FIGURE 4.2.13: Kernel density estimates of the densities associated with the remuneration of the 
Faculty of Arts for 2002 and 2003. The mean earnings are indicated by dashed lines. 
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FIGURE 3.4.14: Kernel density estimates of the densities associated with the remuneration of the 
Faculty of Arts for 2004 and 2005. The mean earnings are indicated by dashed lines. 
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Table 3.4. 13 : Kurtosis for the distribution of the remuneration of the Faculty of Education according 

to year. 

2002 2003 2004 2005 
2.5093 2.4483 2.0523 1.9956 

74 

The flatter density curve in 2005 is also reflected by Table 3.4.13. The kurtosis for the Faculty of 

Education is negative and decrease from 2002 to 2005. 

From Figures 3.4.17 and 3.4.18 it follows that the density estimate of the Faculty of AgriSciences is 

approximately symmetric for 2002, 2003 and 2004 with a small hump to the right for 2005. Thus, the 

distribution for 2005 could be a mixture of two distributions. The estimated distribution varied 

significantly over the four years with the main peak around R231 65.7 in 2002 and in 2005 the 

estimated density had a peak around R227 821 with a hump at R320 000. Thus, the average 

remuneration of the faculty increased from 2002 to 2005. This is also clear from the movement of the 

dashed line to higher remuneration values which also indicates that the distributions are approximately 

symmetrical for 2002 and 2003 and skew to right for 2004 and 2005. Examining the densities for 

2002, 2003, 2004 and 2005, it is also evident that the estimated densities become wider with heavier 

tails towards 2005. 

Table 3.4.14 reveals that the location of the main mode increased from 2002 to 2003, but than 

decreased towards 2005. The movement of the main mode towards the left is mainly caused by a 

hump that started to develop in 2004. The hump is caused by promotions, new appointments and 

salary increases in 2004 and 2005. Note that the number of staff members to the right of the main 

mode remained approximately the same for 2002 and 2003, but increased towards 2005. It can be 

said, therefore, that a group of staff members moved to higher remuneration values and were replaced 

by new appointments. Furthermore, the proportion of staff members located to the right of the main 

mode and the probability to be located to the right of the main mode are approximately the same for 

each year. The hump appearing to the right of the main mode caused an increase in the area to the 

right of the main mode, reflected by the increasing probabilities of Table 3.4.14. 

Table 3.4.14: The remuneration values at which the main mode occur, the number of staff located to 

the right, the total number of staff, the proportion of staff located to the right of the 

main mode and the probabilities for staff to earn more than the remuneration values at 

the main mode of the Faculty of AgriSciences for 2002, 2003, 2004 and 2005. 

Year Location of #Staff Total Prop. Prob. 
main mode 

2002 R231 657 29 59 0.49 0.50 
2003 R252 113 28 59 0.47 0.47 
2004 R220 172 37 64 0.58 0.59 

2005 R227 821 43 63 0.68 0.68 
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Table 3.4.15 : Kurtosis for the distribution of the remuneration of the Faculty of AgriSciences 

according to year. 

2002 2003 2004 2005 
2.6167 2. 7240 2.9526 2.5384 

76 

It is clear from Table 3.4.15 that the kurtosis for the Faculty of AgriSciences is close to normal for 

2002, 2003, 2004 and 2005. This result confirms the symmetry in the distributions for 2002, 2003, and 

2004. 

Figures 3.4.19 and 3.4.20 compare the density estimates of the Faculty of Law for 2002, 2003, 2004 

and 2005. It is clear that the density estimate changed significantly over the four years. The density 

estimates for 2002 and 2003 are bimodal with main peaks around R220 845 and R237 149 

respectively and a second smaller mode around R325 407 in 2002 and R341 419 in 2003. It suggests 

that the density for 2002 and 2003 is in fact a mixture of two or more distributions. The mixture is 

mainly caused by the following factors: age, academic qualifications and ranks. Further it can be said 

that the density with a lower mean has larger weight than the density with a higher mean. In 2004 and 

2005 the smaller second mode became less prominent and the density consisted out of a main peak 

around R250 931 with two humps to the right of the main peak. Thus, the distributions for 2004 and 

2005 could be a mixture of three distributions. 

Figures 3.4.19 and 3.4.20 indicate that all the modes moved to higher remuneration values from 2002 

to 2005. This is also reflected by Tables 3.4.16 and 3.4.17. According to Table 3.4.16 the number of 

staff members to the right of the first mode remained approximately the same for 2002 to 2004 and 

decreased slightly in 2005. Thus, all of the staff members for 2002 that were located to the right of the 

first mode received salary increases and moved to higher remuneration values in 2003 and 2004. 

This result is also confirmed by the probabilities to earn more than the remuneration value at the first 

mode that remained approximately the same for each year. Note that although the second mode 

disappeared into a hump in 2004 and 2005 the approximate location of the humps is indicated by 

Table 3.4.17. The number of staff members located to the right of the second mode remained the 

same for 2002 to 2004 and decreased with one staff member in 2005. The increase in the salaries of 

these staff members caused the disappearance of the second mode in 2004 and 2005 as well as 

wider density curves with longer tails. These results as well as the fact that the staff members located 

to the right of the second mode are all male staff members are also reflected by Figure 3.2.8 (e). The 

dashed lines indicate that the distributions for 2002 to 2005 are all skew to the right. 
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FIGURE 3.4.17: Kernel density estimates of the densities associated with the remuneration of the 
Faculty of AgriSciences for 2002 and 2003. The mean earnings are indicated by 
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Faculty of AgriSciences for 2004 and 2005. The mean earnings are indicated by 
dashed lines. 
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Table 3.4.16: The remuneration values at which the first mode occur, the number of staff located to 

the right, the total number of staff, the proportion of staff located to the right of the 

first mode and the probabilities for staff to earn more than the remuneration values at 

the first mode of the Faculty of Law for 2002, 2003, 2004 and 2005. 

Year L ocation of #Staff Total Prop. Prob. 

1 st mode 

2002 R220 845 19 29 0.66 0.58 
2003 R237 149 19 29 0.66 0.58 
2004 R250 931 19 31 0.61 0.58 
2005 R264 320 15 28 0.54 0.60 
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Table 3.4.17: The remuneration values at which the second mode occur, the number of staff located 

to the right, the total number of staff, the proportion of staff located to the right of the 

second mode and the probabilities for staff to earn more than the remuneration values 

at the second mode of the Faculty of Law for 2002, 2003, 2004 and 2005. 

Year L ocation of #Staff Total Prop. Prob. 

2 nd mode 

2002 R325 407 7 29 0.24 0.18 
2003 R341 419 7 29 0.24 0.20 
2004 R365 680 7 31 0.23 0.21 

2005 R400 272 6 28 0.21 0.21 

Note, again, that examining the average remuneration of the faculties, included in Table A.1.2, along 

with their estimated densities leads to a better understanding of their underlying distributions. The 

average remunerations indicated by the dashed lines in Figures 3.4.19 and 3.4.20 clearly show that 

the distributions are skew to the right for 2002, 2003, 2004 and 2005. The kurtosis for the Faculty of 

Law is given by Table 3.4.18. Because of the two prominent modes in 2002 and 2003 the kurtosis 

values for these years would not be significant. The kurtosis values for 2004 and 2005 are close to 

normal and this is also reflected by the density estimates for the two years. 

Table 3.4.18 : Kurtosis for the distribution of the remuneration of the Faculty of Law 

according to year. 

2002 2003 2004 2005 
1.7098 1.7355 2.7085 3.0417 
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FIGURE 3.4.19: Kernel density estimates of the densities associated with the remuneration of the 
Faculty of Law for 2002 and 2003. The mean earnings are indicated by dashed lines. 
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It is seen from Figure 3.4.21 that the density estimate of the Faculty of Theology is approximately 

symmetric for 2002 as well as 2003. In 2003 a small hump appears to the right and in 2005 the 

density estimate has two prominent modes. The first mode has a peak around R272 231 and the 

second mode has a peak around R482 339. The appearance of the small second mode is caused by 

an increase .in the salary of one staff member. Note that a small hump appears to the left of the 

density for 2005. This hump is caused by the appointment of younger staff members also reflected by 

Figure 3.2.8 (f). Thus, the densities for 2004 and 2005 could be mixtures of two or more densities. 

The main peak of the density estimate for 2002 occurs around R252 381 and moves towards higher 

remuneration values in 2003, 2004 and 2005. Thus, there was an increase in the remuneration of 

staff members clustered around the main peak. 

The shift of the main mode towards higher remuneration values is reflected by Table 3.4.19 and the 

dashed line indicating the average remuneration. Note that the number of staff members located to 

the right of the main mode remained approximately the same from 2002 to 2005. The probability to 

earn more than the values at the main mode remained approximately the same from 2002 to 2004, but 

decreased slightly from 2004 to 2005. This result agrees with a decrease in the proportion of staff 

members located to the right of the main mode from 2004 to 2005. It can be said, therefore, that 

approximately all the staff members located to the right of the main mode in 2002 received salary 

increases towards 2005. These salary increases together with the appointment of younger staff 

members caused the density curve to become wider with a heavier tail towards 2005. From the 

location of the dashed line it is clear that the remuneration distributions are skew to the right for 2002 

to 2005. 

Table 3.4.19: The remuneration values at which the main mode occur, the number of staff located 

Year 

2002 
2003 
2004 
2005 

to the right, the total number of staff, the proportion of staff located to the right of the 

main mode and the probabilities for staff to earn more than the remuneration values at 

the main mode of the Faculty of Theology for 2002, 2003, 2004 and 2005. 

location of #Staff Total Prop. Prob. 
main mode 

R252 381 7 12 0.58 0.57 
R260 844 6 11 0.55 0.57 
R250 567 7 12 0.58 0.57 
R272 231 6 13 0.46 0.51 

It is clear from Table 3.4.20 that the kurtosis for the Faculty of Theology is negative for 2002 and close 

to normal for 2003, 2004 and 2005. This result confirms the symmetry in the distributions. Note that 

the main peak becomes more peaked around the centre in 2005 with heavier tails and therefore there 

is an increase in the kurtosis over the four years. 
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Table 3.4.20: Kurtosis for the distribution of the remuneration of the Faculty of Theology 

according to year. 

2002 2003 2004 2005 
2.4381 2.9577 2.9878 3.3121 

The density estimates of the Faculty of Economic and Management Sciences are compared in Figures 

3.4.23 and 3.4.24 for 2002, 2003, 2004 and 2005. It is clear that the distribution of the faculty changes 

greatly over the four years. The density estimates for 2002 and 2003 have main modes around R229 

7 48 and R246 142 respectively and two very small humps to the left and right of each of the main 

modes. Note that the location of the main peak and the two humps increased from 2002 to 2003. It is 

also noteworthy that a second smaller prominent peak occurs around R400 000 and R450 000 for 

2002 and 2003 respectively. From these results it follows that the distributions for 2002 and 2003 

could be mixtures of two or more distributions. The hump to the right of the main peak and the second 

smaller mode are mainly caused by staff members with professional qualifications that are in demand 

in the broader labour market. In 2004 the two humps become less prominent with the hump to the 

right disappearing in 2005. Note that a tail with a small mode located at very high remuneration values 

appeared in 2004 and 2005. This is mainly caused by the appointment of new staff members with 

professional qualifications that are highly in demand. 

The increase in the average remuneration from 2004 to 2005, included in Table A.1.2 is reflected by 

the movement of the main mode and the dashed line to higher remuneration values. From Table 

3.4.21 it is clear that the number of staff members located to the right of the main mode remained the 

same from 2002 to 2005 except for 2004 when there was one less staff member. Therefore it follows 

that the flatter density estimate and long tail towards the right are caused by these staff members that 

moved towards higher remuneration values. The probability to earn more that the remuneration value 

at the main mode remained approximately the same from 2002 to 2005. The line indicating the 

average remuneration on each graph clearly shows that the distributions are skew to the right for 2002 

to 2005. 

Table 3.4.21 : The remuneration values at which the main mode occur, the number of staff located 

Year 

2002 
2003 
2004 
2005 

to the right, the total number of staff, the proportion of staff located to the right of the 

main mode and the probabilities for staff to earn more than the remuneration values at 

the main mode of the Faculty of Economic and Management Sciences for 2002, 2003, 

2004 and 2005. 

Location of #Staff Total Prop. Prob. 
main mode 

R229 748 67 120 0.56 0.56 
R246 142 67 120 0.56 0.56 
R266 461 66 135 0.49 0.50 
R296 881 67 127 0.53 0.54 
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FIGURE 3.4.21: Kernel density estimates of the densities associated with the remuneration of the 
Faculty of Theology for 2002 and 2003. The mean earnings are indicated by dashed 
lines. 
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FIGURE 3.4.22: Kernel density estimates of the densities associated with the remuneration of the 
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Table 3.4.22 : Kurtosis for the distribution of the remuneration of the Faculty of Economic and 

Management Sciences according to year. 

2002 2003 2004 2005 

3.0808 3.1910 7.1451 7.3475 
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It is clear from Table 3.4.22 that the kurtosis for the Faculty of Economic and Management Sciences is 

normal for 2002 and 2003 with a large increase in 2004 and 2005. Note that the densities for these 

two years suggest that the large increase in kurtosis is not caused by distributions that becomes more 

peaked, but by distributions with heavier tails. This confirms once again the importance of examining 

estimated densities along with location and variation estimates. 

Table 3.4.23 : Skewness for the distribution of the remuneration of the Faculty of Economic and 

Management Sciences according to year. 

2002 2003 2004 2005 
0.43 0.43 1.64 1.28 

Table 3.4.23 indicates that the skewness for the Faculty of Economic and Management Sciences is 

positive for each year and therefore the distributions are skew to the right. The skewness is close to 

zero for 2002 and 2003, but increase towards 2005. Therefore the distribution becomes more skew to 

the right in 2004 and 2005. 

Finally the density estimates of the Faculty of Engineering for 2002, 2003, 2004 and 2005 are plotted 

in Figures 3.4.25 and 3.4.26. The higher variation in the 2003, 2004 and 2005 remuneration values 

contrary to the remuneration values for 2002 is striking. It is clear that the remuneration values for 

2002 tend to cluster around the two main peaks. The estimated density for 2002 has two prominent 

modes with the main peak around R234 383 and the second (lower) mode occurring close to R290 

078. Note that except for the two main peaks there are also three smaller modes: the first two are to 

the left of the main peak and the third mode is located around R350 000. These results suggest that 

the density of the Faculty of Engineering could be a mixture of two or more distributions. The different 

distributions are mainly caused by the following factors: age, academic qualifications and rank. From 

2003 to 2004 the density curve becomes wider with a heavier tail and the two prominent modes 

disappeared. Now, the density consists out of one prominent mode located around R248 891 for 

2003, R263 767 for 2004 and R292 203 for 2005. Note that there is a small hump to the right of the 

main peak for 2003 and 2004. This hump becomes prominent in 2005 and is located around R339 

661. Therefore the densities for 2003, 2004 and especially 2005 could be a mixture of two or more 

distributions. 
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FIGURE 3.4.23: Kernel density estimates of the densities associated with the remuneration of the 
Faculty of Economic and Management Sciences for 2002 and 2003. The mean 
earnings are indicated by dashed lines. 
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FIGURE 3.4.24: Kernel density estimates of the densities associated with the remuneration of the 
Faculty of Economic and Management Sciences for 2004 and 2005. The mean 
earnings are indicated by dashed lines. 
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The movement of the main peak towards higher remuneration values indicates an increase in 

remuneration from 2002 to 2005. This increase reflects the increase in the average remuneration, 

included in Table A.1.2 and indicated by the dashed line. According to Table 3.4.24 the increase was 

caused by staff members located to the right of the main mode in 2002 that received salary increases 

and moved to higher remuneration values. The number of staff members located to the right of the 

main mode remained approximately the same towards 2005. Note that the probability to earn more 

than the remuneration value at the main mode increased slightly from 2003 to 2005. This is caused by 

a larger area under the density curve to the right of the main mode. The increase in salaries caused 

the clustered values in 2002 to become more spread out towards 2005. The location of the dashed 

lines indicates that the remuneration distributions are skew to the right for 2002 to 2005. 

Table 3.4.24 : The remuneration values at which the main mode occur, the number of staff located 

to the right, the total number of staff, the proportion of staff located to the right of the 

second mode and the probabilities for staff to earn more than the remuneration values 

at the main mode of the Faculty of Engineering for 2002, 2003, 2004 and 2005. 

Year Location of #Staff Total Prop. Prob. 
main mode 

2002 R234 383 32 63 0.51 0.60 
2003 R248 891 36 63 0.57 0.61 
2004 R263 767 37 67 0.55 0.60 
2005 R292 203 36 62 0.58 0.63 

The shape of each of the estimated densities can be examined by calculating the kurtosis of the 

distribution. The kurtosis for the Faculty of Engineering is given by Table 3.4.25. Kurtosis is normally 

calculated for densities with one mode and therefore the kurtosis for 2002 do not have any 

significance. The positive kurtosis values for 2003 and 2004 are reflected by the peaked distributions 

for 2003 and 2004 together with longer tails. In 2005 the distribution becomes close to normal with 

shorter tails. 

Table 3.4.25 : Kurtosis for the distribution of the remuneration of the Faculty of Engineering 

according to year. 

2002 2003 2004 2005 
3.6080 5.0003 4.4878 2.9159 
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FIGURE 3.4.25: Kernel density estimates of the densities associated with the remuneration of the 
Faculty of Engineering for 2002 and 2003. The mean earnings are indicated by 
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3.4.2 1De1111sity Estimates for Male and !Female Staff members 

Figures 3.4.27 and 3.4.28 present the density estimates of the various faculties according gender for 

2002 and 2005. The R function faculty.density(cf. Appendix B) is used to construct the density 

estimates for the various faculties according to gender on the same graph. The density estimate for 

women in the Faculties of Theology and Engineering are not constructed, because there are too few 

female staff members in these faculties. 

Form Figure 3.4.27 it is clear that the distributions for male staff members in the Faculties of 

Engineering, Economic and Management Sciences, Law and Health Sciences have a large second 

mode located at higher remuneration values than the main peaks of the other faculties for 2002. 

These modes are located in the same order as the means in Table A.1.2. This indicates that they 

have a large influence on the average remuneration of male staff members in these faculties. Note 

that the densities for male staff members in these faculties could be a mixture of two or more 

distributions with the second distribution containing a substantial number of the staff members in each 

faculty. It can be said, therefore, that men in the Faculties of Engineering, Economic and 

Management Sciences, Law and Health Sciences earn higher salaries than the men in the other 

faculties for 2002. According to Table A.1.2 (cf. Appendix A) men in the Faculties of Arts, Science and 

Education had the lowest average remuneration for 2002. This is also reflected by the modes of these 

faculties that are located more to the left than the modes of the other faculties in Figure 3.4.27 for 

2002. 

Figure 3.4.27 clearly indicates that the densities for male staff members become wider towards 2005, 

especially the densities for the Faculties of Education, Science and Economic and Management 

Sciences. This is also reflected by the increase in the average remuneration from 2002 to 2005 in 

Table A.1.2 (cf. Appendix A). The second mode for the Faculties of Engineering, Economic and 

Management Sciences and Law became less prominent in 2005. The distributions for male staff 

members in the Faculties of Science, Law, Economic and Management Sciences and Health Sciences 

are located more to the right than the densities of the other faculties for 2005. Therefore these 

faculties have the highest average remunerations for 2005 which is also reflected by Table A.1.2 (cf. 

Appendix A). Note that the density of the Faculty of Arts lies more to the left than the densities of the 

other faculties for 2002 and 2005. 

If the densities for female staff members are studied in Figure 3.4.28, it is clear that the order of the 

modes of the various faculties is approximately the same as the order of the means in Table A.1.2. 

The main peaks of the densities for women in the Faculties of AgriSciences and Economic and 

Management Sciences lie more to the right than the main peaks of the densities for women in the 

other faculties for 2002. The high average remunerations for women in the Faculties of AgriSciences 
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and Economic and Management Sciences for 2002 are clearly reflected by their density estimates that 

lie more to the right than the density estimates of the other faculties. According to Table A.1.2 (cf. 

Appendix A) the average remuneration for women in the Faculties of Science, Arts, Education and 

Law were the lowest for 2005. This is also clearly reflected by the location of the main peaks of the 

densities for women in these faculties. 

From Figure 3.4.28 and Table A.1.2 (cf. Appendix A) it is clear that the density estimates for women 

became wider towards 2005. A substantial increase in the average remuneration for female staff 

members in the Faculties of Education and Law is also reflected by there densities for 2005. The 

densities for women in these faculties have a hump located at high remuneration values for 2005. The 

density estimates for women in the Faculties of Education, Law and Economic and Management 

Sciences lie more to the right than the densities for women in the other faculties and therefore women 

in these faculties earn higher salaries. The main peaks of the densities for women in the Faculties of 

Arts, Science, AgriSciences and Health Sciences are located around lower remuneration values. 

However, the density estimate for women in the Faculty of Arts has a second mode located around 

very high remuneration values and therefore the average remuneration for this faculty is higher than 

the average remunerations for the Faculties of Science, AgriSciences and Health Sciences. 

In Figures 3.4.29 through 3.4.48, the kernel density estimates for male and female C1 staff members 

at the University and within each faculty are plotted on the same graph. These figures will be used to 

compare the density estimates of male and female C1 staff members and further properties of these 

density estimates will be discussed. The figures were constructed by the R function gender.density 

(cf. Appendix B). The mean earnings for men are shown by the vertical solid line and for women by 

the vertical dashed line. For each year, the estimated distribution for men lies more to the right than 

the distribution for women indicating higher average earnings for men. Both male and female 

remuneration distributions appear to widen over the four year period. The greater variance in earnings 

is also reflected by the standard deviations of Table A.1.4 and is mainly caused by an increase in 

salaries, promotions and new appointments. Note that these results are also reflected by the notched 

boxplots of Figures 3.2.7 through 3.2.8 (i). It is important to take into account that the number of male 

and female staff members at the University and therefore within each faculty varied over the four 

years. 
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The kernel density estimates of male and female staff member.s at the University for 2002, 2003, 2004 

and 2005 are compared in Figures 3.4.29 and 3.4.30. It is clear that the main modes of both male and 

female distributions moved to higher remuneration values from 2002 to 2005. The location of the lines 

indicating the mean earnings shows clearly that the distributions for men are skewed to the right, while 

the distributions for women tends to be more symmetrical. Note that the dashed line indicating the 

mean is very close to the main mode. However, it is clear that the skewness in the estimated 

distribution for female staff members increased towards 2005. 

From Table 3.4.26 it is clear that the number of female staff members located to the right of the main 

mode increased from 2002 to 2005, while the number of male staff members remained approximately 

the same. These results could indicate that promotions and new appointments that were made over 

the four year time period included mostly female staff members. The probabilities of earning more 

than the remuneration values located at the main mode increased from 2002 to 2005 for female staff 

members and remained approximately the same for male staff members from 2002 to 2005. Note that 

the probability for men to earn more than the remuneration values at the main mode is larger than for 

women for 2002 to 2004, but for 2005 the probabilities are approximately the same. 

The density estimate of female staff members have one prominent mode with a hump and a smaller 

mode located at higher remuneration values for 2002, 2003, 2004 and 2005. Thus, the density of 

female staff members could be a mixture of two or more distributions over the four years. The density 

estimate for male staff members has two prominent modes in 2002, 2003, 2004 and 2005. A small 

hump appeared between the first and second mode in 2004 and 2005 which indicates that the 

densities of male staff members could also be a mixture of two or more distributions for 2004 and 

2005. Table 3.4.27 reveals that the location of the second mode for both male and female staff 

members increased from 2002 to 2005 and the number of male and female staff members located to 

the right of the respective modes remained approximately the same over the four years. Inspection of 

the remuneration datasets for 2002, 2003, 2004 and 2005 show that male and female staff members 

located to the right of the second mode consist mainly out of staff members from the Faculty of Health 

Sciences with a few staff members from other faculties. For female staff members the other faculties 

include the Faculties of Arts and Economic and Management Sciences, while the Faculties of Arts, 

Science, Law and Economic and Management Sciences have male staff members that are located to 

the right of the second mode. In the density estimates of male and female staff members for the 

individual faculties that follow, these staff members will be reflected by very small modes located at 

high remuneration values. 

Finally it is clear that the density of female staff members is not as wide and heavy tailed as is found 

for male staff members from 2002 to 2005. This result is also clear from the difference between the 
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locations of the first and second modes of the densities for men and women from 2002 to 2005. The 

difference between the locations of the respective modes increased over the four year time period. 

Table 3.4.26 : The remuneration values at which the first mode occur, the number of staff located to 

the right, the total number of staff, the proportion of staff located to the right of the first 

mode and the probabilities to earn more than the remuneration values at the first mode 

for male and female staff at the University for 2002, 2003, 2004 and 2005. 

l\/iale 
Year Location of #Staff Total Prop. Prob. 

1st mode 

2002 R228 510 297 483 0.61 0.61 
2003 R244 680 296 483 0.61 0.61 
2004 R253 333 297 482 0.62 0.63 
2005 R286 821 276 456 0.61 0.61 

Female 
Year Location of #Staff Total Prop. Prob. 

1st mode 

2002 R183 910 128 245 0.52 0.50 
2003 R201 514 115 235 0.49 0.49 
2004 R208 078 144 264 0.55 0.52 
2005 R213 691 163 264 0.62 0.62 

Table 3.4.27 : The remuneration values at which the second mode occur, the number of staff located 

to the right, the total number of staff, the proportion of staff located to the right of the 

second mode and the probabilities to earn more than the remuneration values at the 

second mode for male and female staff at the University for 2002, 2003, 2004 and 2005. 

l\/iale 
Year location of #Staff Total Prop. Prob. 

2nd mode 

2002 R450 687 20 483 0.04 0.04 
2003 R483 690 20 483 0.04 0.04 
2004 R516 911 19 482 0.04 0.03 

2005 R573 965 21 276 0.08 0.04 

Female 
Year Location of #Staff Total Prop. Prob. 

2nd mode 

2002 R341 349 10 245 0.04 0.04 
2003 R364 310 10 235 0.04 0.04 
2004 R390 464 10 264 0.04 0.04 

2005 R425 387 12 264 0.05 0.04 
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The underlying densities of the remuneration of the Faculty of Arts were estimated and are plotted in 

Figures 3.4.31 and 3.4.32. It is clear that the density estimate for women consists of two prominent 

modes for 2002, 2003 and 2004, with the second mode changing into a hump for 2005. The density 

estimates for men consist of a main mode and smaller modes located at higher remuneration values 

for 2002 and 2003. These smaller modes changes into small humps to the right of the main peak for 

2004 and 2005. 

Table 3.4.28 reveals the number of male staff members located to the right of the main mode to 

remain approximately the same, while the number of female staff members located to the right of the 

main peak increased. The probabilities to earn more than the remuneration values at the main peak 

increased from 2002 to 2005 for both male and female staff members. It is noteworthy that the 

difference between the location of the main modes for men and women increased from 2002 to 2005 

with men having a larger probability to earn more than the remuneration values at the main mode. 

If the lines that indicate the mean earnings are compared with the location of the main modes it 

becomes clear that the distribution for men is clearly skewed to the right, while the distribution for 

women tends to be more symmetrical with an increase in the skewness of the distribution to the right 

from 2002 to 2005. 

Table 3.4.28 : The remuneration values at which the main mode occur, the number of staff located 

to the right, the total number of staff, the proportion of staff located to the right of the 

main mode and the probabilities to earn more than the remuneration values at the main 

mode for male and female staff in the Faculty of Arts for 2002, 2003, 2004 and 2005. 

Male 
Year Location of #Staff Total Prop. Prob. 

main mode 

2002 R208 716 51 91 0.56 0.59 
2003 R227 111 50 91 0.55 0.58 
2004 R228 912 54 89 0.61 0.61 
2005 R252 904 50 83 0.60 0.62 

Female 
Year Location of #Staff Total Prop. Prob. 

main mode 
2002 R179 747 31 59 0.53 0.49 
2003 R191 148 32 58 0.55 0.51 
2004 R201 478 35 64 0.55 0.51 
2005 R211 784 36 63 0.57 0.59 
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The estimated densities of the Faculty of Science are compared in Figures 3.4.33 and 3.4.34. The 

large difference between the remuneration distributions of male and female staff members revealed by 

the boxplots of Figure 3.2.8 (b) is also reflected by the density estimates. Note that the main mode of 

the density of male staff members is located away from the dashed line that indicates the average 

remuneration of female staff members for 2002, 2003, 2004 and 2005. Furthermore, the lines 

indicating the average remunerations also indicate that the remuneration distributions of male staff 

members are clearly skewed to the right, while the distributions of female staff members tend to be 

symmetrical over the four years. 

The estimated density of male staff members has one main mode with two small humps to the right 

and a very small mode at high remuneration values causing a long tail to the right for 2002 and 2003. 

In 2004 the small second mode disappears and the two humps become more prominent with the first 

hump changing into a second mode located around R361 123 in 2005. Therefore the remuneration 

distribution of male staff members could be a mixture of two or more distributions in 2005. The density 

of female staff members remained unimodal over the four years with a small hump to the right 

appearing in 2004 and 2005. From Table 3.4.29 it is clear that the number of female staff members 

located to the right of the main mode remained approximately the same, while the number of male 

staff members to the right decreased over the four years. The probability of earning more than the 

remuneration value at the main mode increased for both men and women from 2002 to 2005. Note 

that the density curve for male staff members has a long tail to the right for 2002 and 2003 that 

disappeared in 2004. Staff members located in the tail have years of research experience, make 

excellent contributions to the research capabilities of the University and is normally highly in demand 

as researchers and therefore they receive very high salaries. 

Figures 3.4.33 and 3.4.34 clearly indicate that the density for women became wider over the four 

years, but not to the same degree as that found for men. It is also clear that the difference between 

the location of the main modes of the densities for men and women increased from 2002 to 2005 with 

men having a larger probability to earn more than the remuneration values located at the main mode. 
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Table 3.4.29 : The remuneration values at which the main mode occur, the number of staff located 

to the right, the total number of staff, the proportion of staff located to the right of the 

main mode and the probabilities to earn more than the remuneration values at the main 

mode for male and female staff in the Faculty of Science for 2002, 2003, 2004 and 

2005. 

Male 
Year Location of #Staff Total Prop. Prob. 

main mode 

2002 R227 940 55 103 0.53 0.55 
2003 R243 476 54 103 0.52 0.55 
2004 R250 010 58 100 0.58 0.59 
2005 R287 607 49 90 0.54 0.60 

Female 
Year Location of #Staff Total Prop. Prob. 

main mode 
2002 R183 374 18 40 0.45 0.43 
2003 R200 506 17 40 0.43 0.40 
2004 R208 675 18 43 0.42 0.40 

2005 R223 251 18 38 0.47 0.47 

The kernel density estimates for the Faculty of Education are plotted in Figures 3.4.35 and 3.4.36. 

Note that for comparison purposes the densities are constructed on the same axis for each of the four 

years. It is clear that the density of both men and women became wider towards 2005. The density of 

male staff members is clearly bimodal in 2002 with the second mode changing into a hump in 2003 

and 2004. Therefore the density estimate for men becomes unimodal in 2004 and 2005. For female 

staff members the remuneration values are clustered around the main peak with two small modes 

located to the left and right of the main peak for 2002 and 2003. It is clear from Figure 3.4.34 that a 

large change occurred in the density estimate for women from 2003 to 2005. The two smaller modes 

disappeared in 2004 and the density became unimodal. 

Note that the difference between the distributions of male and female staff members reduced towards 

2005. This is also reflected by the notched boxplots of Figure 3.2.8 (c) and the location of the dashed 

line that indicates the average remuneration of female staff members. If the difference between the 

location of the main modes in Table 3.4.30 is examined it becomes clear that the difference increased 

from 2002 to 2003 and decreased towards 2005. Furthermore, the probability to earn more than the 

remuneration values at the main mode increased substantially for women when compared to the 

increase in the probabilities for men. 
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Table 3.4.30 shows that the number of male staff members located to the right of the main mode 

decreased slightly from 2002 to 2005, while the number of female staff members increased by one 

staff member. It is also clear that the remuneration distribution for women is approximately 

symmetrical for 2002 and 2003 and skew to the right for 2004 and 2005, while the distribution for men 

is skewed to the right for each of the four years. 

Table 3.4.30 : The remuneration values at which the main mode occur, the number of staff located 

to the right, the total number of staff, the proportion of staff located to the right of the 

main mode and the probabilities to earn more than the remuneration values at the main 

mode for male and female staff in the Faculty of Education for 2002, 2003, 2004 and 

2005. 

Male 
Year Location of #Staff Total Prop. Prob. 

main mode 

2002 213759 13 20 0.65 0.64 
2003 236653 12 20 0.60 0.63 
2004 251761 9 18 0.50 0.59 
2005 264904 11 17 0.65 0.65 

female 
Year Location of #Staff Total Prop. Prob. 

main mode 
2002 181030 11 21 0.52 0.50 
2003 191844 11 20 0.55 0.50 
2004 208702 12 21 0.57 0.57 
2005 229747 12 19 0.63 0.63 

Figures 3.4.37 and 3.4.38 compare the density estimates for male and female staff members of the 

Faculty of AgriSciences for 2002, 2003, 2004 and 2005. The density for women becomes wider 

towards 2005, but not to the same degree as the density for men. The density for women tends to be 

symmetrical for 2002, 2004 and 2005. In 2004 the remuneration values for women clustered around a 

prominent main peak with two smaller modes located to the right of the peak. The large change in the 

form of the density from 2002 to 2003 is caused by promotions and salary increases. There is a 

suggestion that the density estimate for women became a mixture of two or more distributions in 2004. 

The density estimate for men remained unimodal over the four years with a hump appearing to the left 

of the main peak in 2004 and 2005. The hump is mainly caused by the movement of the main peak to 

higher remuneration values from 2002 to 2005 and new appointments. Thus, the remuneration 

distribution of male staff members could be a mixture of two or more distributions in 2005. 

Furthermore, the distribution of male staff members is approximately symmetrical in 2002 as well as 

2003, becoming skew the left in 2004 and 2005. These results are also reflected by the notched 

boxplots of Figure 3.2.8 (d) and the lines that that indicate the mean earnings for men and women. 
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mean earnings for female and male staff are indicated by dashed and solid lines 
respectively. 

2004 2005 

0.15 0.15 
Male Male 

0.14 Female 0.14 Female 

0.13 0.13 

0.12 0.12 

0.11 0.11 

0.10 0.10 

~ 0.09 ~ 0.09 

0 0.08 0 0.08 
.!!. .!!. 
£:' 0.07 ~ 0.07 ., 

! ~ 0.06 0.00 

0.05 
,-. ·,: 0.05 

" 
0.04 0.04 

0.03 0.03 

0.02 0.02 

0.01 0.01 

0.0 0.0 

0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 

Remuneration(x 10000XRand) Remuneration(x 10000)(Rand) 

FIGURE 3.4.36: Kernel density estimates of the densities associated with the remuneration of male 
and female C1 staff members of the Faculty of Education for 2004 and 2005. The 
mean earnings for female and male staff are indicated by dashed and solid lines 
respectively. 

Stellenbosch University  https://scholar.sun.ac.za



101 

From Table 3.4.31 it is clear that the number of men located to the right of the main mode as well as 

the probabilities to earn more than the remuneration values at the main mode decreased slightly from 

2002 to 2004. The large movement of the main peak to higher remuneration values from 2004 to 

2005 caused the number of men located to the right of this peak as well as the probability to earn 

more than the remuneration values located at this peak to decrease. The number of women located to 

the right of the main mode increased slightly from 2002 to 2005. The small hump appearing to the left 

of the main mode of the density for women indicate that new appointments were made for 2004 and 

2005. The probability for women to earn more than the remuneration values located at the main peak 

decreased by a substantial amount from 2002 to 2005. This is mainly caused by the movement of the 

main peak to higher remuneration values, while the location of the endpoint of the density estimate 

remained the same. 

Table 3.4.31 clearly indicates that the difference between the location of the main peaks for men and 

women increased by a large amount from 2003 to 2005 and therefore confirming the movement of the 

main peak for men to much higher remuneration values. 

Table 3.4.31 : The remuneration values at which the main mode occur, the number of staff located 

to the right, the total number of staff, the proportion of staff located to the right of the 

main mode and the probabilities to earn more than the remuneration values at the main 

mode for male and female staff in the Faculty of AgriSciences for 2002, 2003, 2004 and 

2005. 

Male 
Year Location of #Staff Total Prop. Prob. 

main mode 
2002 236924 23 46 0.50 0.53 
2003 258808 22 46 0.48 0.50 
2004 266823 21 46 0.46 0.43 
2005 330351 17 42 0.40 0.36 

Female 
Year Location of #Staff Total Prop. Prob. 

main mode 
2002 193434 9 13 0.69 0.58 
2003 210741 6 13 0.46 0.53 
2004 203545 10 18 0.56 0.51 
2005 237035 11 21 0.52 0.47 
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Figures 3.4.39 and 3.4.40 show large differences between the densities of male and female staff 

members of the Faculty of Law for 2002, 2003, 2004 and 2005. The density estimate for men is 

clearly bimodal in 2002, 2003, 2004 and 2005. The density estimate for women is bimodal for 2002 

and changes into a unimodal distribution in 2003 with a small hump to the right of the main peak in 

2003, 2004 and 2005. There is a suggestion that the remuneration distribution for men could be a 

mixture of two or more distributions for each of the four years. The distributions for men and women 

become wider towards 2005 with the difference between the locations of the first mode decreasing by 

a large amount towards 2005. However, the density for women does not widen to the same degree as 

that found for men. 

From Table 3.4.32 it is clear that the number of male staff members located to the right of the first 

mode remained approximately the same, while the number of female staff members located to the 

right of the first mode increased from 2002 to 2005. However, the probabilities of both male and 

female staff members to earn more than the remuneration values at the first mode remained 

approximately the same from 2002 to 2005. Table 3.4.33 indicates that the number of male staff 

members located to the right of the second mode as well as the probability to earn more than the 

remuneration values at the second mode remained approximately the same over the four years. 

Table 3.4.32 : The remuneration values at which the first mode occur, the number of staff located to 

the right, the total number of staff, the proportion of staff located to the right of the first 

mode and the probabilities to earn more than the remuneration values at the first mode 

for male and female staff in the Faculty of Law for 2002, 2003, 2004 and 2005. 

Male 
Year Location of #Staff Total IProp. Prob. 

1st mode 

2002 R230 565 13 22 0.59 0.63 
2003 R245 419 13 22 0.59 0.63 
2004 R260 486 14 22 0.64 0.64 
2005 R285 080 12 18 0.67 0.62 

Female 
Year Location of #Staff Total Prop. Prob. 

1st mode 

2002 R160 914 3 7 0.43 0.60 
2003 R180 689 5 7 0.71 0.62 
2004 R190 101 6 9 0.67 0.66 
2005 R235 065 6 10 0.60 0.59 
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Table 3.4.33 : The remuneration values at which the second mode occur, the number of staff located 

to the right, the total number of staff, the proportion of staff located to the right of the 

second mode and the probabilities to earn more than the remuneration values at the 

second mode for male staff in the Faculty of Law for 2002, 2003, 2004 and 2005. 

Male 
Year location of #Staff Total Prop. Prob. 

2"d mode 

2002 R335 139 6 22 0.27 0.19 
2003 R355 210 7 22 0.32 0.20 
2004 R380 892 5 22 0.23 0.23 
2005 R425 007 4 18 0.22 0.23 

The density estimates of male staff members of the Faculty of Theology are presented by Figures 

3.4.41 and 3.4.42. Note that the remuneration value of the one female staff member in this faculty is 

indicated by a circle from 2002 to 2004. It is clear that the density is unimodal in 2002, 2003 and 2004 

with a second mode appearing in 2005. The second mode is very small and located at high 

remuneration values. In 2005 a small hump appeared to the left of the main peak which can be 

related to the appointment of younger staff members, reflected in Figure 3.2.12 (f). Thus, the density 

of male staff members in the Faculty of Theology could be a mixture of two or more distributions for 

2005. 

From Table 3.4.34 it is clear that the main peak remained approximately at the same location for 2002 

to 2004. The probability to earn more than the remuneration values at the main peak remained 

approximately the same from 2002 to 2004, but decreased substantially from 2004 to 2005. This 

result is mainly caused by the retirement of older staff members earning high salaries. 

Table 3.4.34 also indicates that the number of staff members located to the right of the main mode 

remained approximately the same for 2002, 2003, 2004 and 2005. Furthermore, the remuneration 

distribution is skewed to the right for 2002 to 2005. 

Table 3.4.34 : The remuneration values at which the main mode occur, the number of staff located 

to the right, the total number of staff, the proportion of staff located to the right of the 

main mode and the probabilities to earn more than the remuneration values at the main 

mode for male staff in the Faculty of Theology for 2002, 2003, 2004 and 2005. 

Male 
Year Location of #Staff Total Prop. Prob. 

main mode 
2002 R245 181 6 11 0.55 0.63 
2003 R246 075 6 10 0.60 0.66 
2004 R235 706 7 11 0.64 0.62 

2005 R270 081 7 13 0.54 0.53 
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Compared to the difference between the densities of male and female staff members of the faculties 

discussed so far, the area where the density of male staff members is greater than the density of 

female staff members is very small for the Faculty of Economic and Management Sciences for 2002, 

2003, 2004 and 2005. 

From Figures 3.4.43 and 3.4.44 and Table 3.4.35 it is clear that the main peaks of the densities for 

men and women are located around the same remuneration values for 2002, 2003, 2004 and 2005. 

The density for women has a smaller mode located to the left of the main peak for 2002 and 2003, 

changing into a hump for 2004 and 2005. The density for men have a hump to the right of the main 

peak and a smaller mode located at high remuneration values for 2002 to 2004 with a very long tail to 

the right for 2004 and 2005. The long tail appearing in 2004 and 2005 is mainly caused by promotions 

or new appointments of staff members with professional qualifications that are highly in demand in the 

broader labour market. Furthermore, the lines that indicate the mean earnings for men and women 

clearly show that the remuneration distributions for women tend to be symmetrical over the four years, 

while the remuneration distributions for men are skewed to the right. These results are confirmed by 

the notched boxplots of Figure 3.2.8 (g). Note that the density of female staff members became wider 

over the four years, but not to the same degree as that found for male staff members. 

From Table 3.4.35 it is clear that the number of male staff members located to the right of the main 

peak as well as the probabilities to earn more than the remuneration values at the main peak 

remained approximately the same over the four years. 

The number of female staff members located to the right of the main peak as well as the probabilities 

to earn more than the remuneration values at the main peak increased slightly towards 2005. Note 

that there was a substantial increase in the total number of female staff members from 2002 to 2005. 

It is also noteworthy that the main peak of the density for women in the Faculty of Economic and 

Management Sciences is located at higher remuneration values than the main peaks of the densities 

for women in the other faculties. This reflects, again, the fact that there are many women in this 

faculty with a charted accountant professional qualification, causing them to earn higher salaries. 
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Table 3.4.35: The remuneration values at which the main mode occur, the number of staff located 

to the right, the total number of staff, the proportion of staff located to the right of the 

main mode and the probabilities to earn more than the remuneration values at the 

main mode for male and female staff in the Faculty of Economic and Management 

Sciences for 2002, 2003, 2004 and 2005. 

Male 
Year Location of #Staff Total Prop. Prob. 

main mode 
2002 R229 213 52 81 0.64 0.62 
2003 R246 797 51 81 0.63 0.63 
2004 R260 630 53 85 0.62 0.61 

2005 R300 761 50 81 0.62 0.60 

Female 
Year Location of #Staff Total Prop. Prob. 

main mode 
2002 R228 337 15 39 0.38 0.43 
2003 R242 628 17 39 0.44 0.45 
2004 R257 949 22 50 0.44 0.43 

2005 R287 009 19 46 0.41 0.48 

108 

Figures 3.4.45 and 3.4.46 present the estimated densities of male staff members in the Faculty of 

Engineering for 2002, 2003, 2004 and 2005. The remuneration values of female staff members are, 

again, represented by circles. The estimated density has clearly changed from 2002 to 2005. In 2002 

the estimated density consisted out of two main peaks with two smaller peaks to the right and left of 

the main peaks. Therefore the density for 2002 could be a mixture of two or more distributions. The 

tight distribution of 2002 widens towards 2005. Again, the wider density curve is mainly caused by 

promotions and new appointments. 

From Table 3.4.36 it is clear that the number of staff members located to the right of the main peak 

decreased from 2002 to 2003 and then increase slightly towards 2005. The probability to earn more 

than the remuneration values at the main peak decreased slightly from 2002 to 2005. The solid lines 

indicate that the remuneration distribution of male staff members is skew to the right over the four 

years. This is also reflected by the notched boxplots of Figure 3.2.8 (h). 
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and female C1 staff members of the Faculty of Economic and Management 
Sciences for 2002 and 2003. The mean earnings for female and male staff are 
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Table 3.4.36: The remuneration values at which the main mode occur, the number of staff located 

to the right, the total number of staff, the proportion of staff located to the right of the 

main mode and the probabilities to earn more than the remuneration values at the main 

mode for male staff in the Faculty of Engineering for 2002, 2003, 2004 and 2005. 

Male 
Year Location of #Staff Total Prop. Prob. 

main mode 
2002 R230 497 41 60 0.68 0.68 
2003 R250 475 33 60 0.55 0.62 
2004 R266 081 36 62 0.58 0.62 
2005 R293 512 36 59 0.61 0.64 

The difference between the densities of male and female staff members of the Faculty of Health 

Sciences represented by Figures 3.4.47 and 3.4.48 for 2002 to 2005 is striking. The significant 

difference is also reflected by the location of the solid and dashed lines that indicates the average 

remunerations. Furthermore, it is clear that the distribution for women is skew to the right, while the 

distribution for men is skew to the left over the four years. It is also clear the density of female staff 

members become wider over the four years, but not to the same degree as that found for male staff 

members. These results are also reflected by the notched boxplots of Figure 3.2.8 (i). The density of 

male staff members have a smaller mode located to the left of the main peak at low remuneration 

values, while the density of female staff members have smaller modes located to the right of the main 

peak at high remuneration values. Therefore, each of the remuneration distributions of male and 

female staff members is a mixture of two or more distributions for 2002, 2003, 2004 and 2005. The 

two mixtures for both men and women consist mainly out of a group of medical specialists and a group 

of non-specialists. In the previous section the density estimates of the different faculties were 

discussed and it was made clear that most of the men in this faculty are medical specialists with only a 

few women falling into this category. Therefore, the main peak of the density for men is located at 

very high remuneration values compared to the main peak of the density for women. 

According to Table 3.4.37 the location of the first mode of the density for women increased only 

slightly from 2002 to 2005, while the location of the first mode of the density for men increased 

substantially over the four years. The number of male and female staff members located to the right of 

the first mode remained approximately the same over the years. Note that the probability for men to 

earn more than the remuneration values located at the first mode is very high and decreased 

substantially from 2002 to 2005, while the probability for women remained approximately the same for 

each year. Although the location of the first mode of the density for women remained approximately 

the same the location of the second mode increased substantially. Note that the second mode of the 

density estimate for women indicated by Table 3.4.38 is represented by a hump located to the left of 

the actual second mode for 2002, 2003, 2004, but in 2005 the hump changed into a prominent mode. 
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The probability for women to earn more than the remuneration values at the second mode is very 

small and remained approximately the same from 2002 to 2005, while the probability for men 

increased substantially from 2002 to 2005. 

Table 3.4.37: The remuneration values at which the first mode occur, the number of staff located 

to the right, the total number of staff, the proportion of staff located to the right of the 

first mode and the probabilities to earn more than the remuneration values at the first 

mode for male and female staff in the Faculty of Health Sciences for 2002, 2003, 2004 

and 2005. 

Male 
Year Location of #Staff Total Prop. Prob. 

1st mode 

2002 R210 168 46 49 0.94 0.91 
2003 R225 756 46 50 0.92 0.91 
2004 R242 659 43 49 0.88 0.87 
2005 R283 562 44 53 0.83 0.84 

Female 
Year Location of #Staff Total Prop. Prob. 

1st mode 

2002 R170 498 34 62 0.55 0.57 
2003 R200 390 28 53 0.53 0.52 
2004 R206 283 31 53 0.58 0.56 
2005 R199 302 35 64 0.55 0.57 

Table 3.4.38 : The remuneration values at which the second mode occur, the number of staff located 

to the right, the total number of staff, the proportion of staff located to the right of the 

second mode and the probabilities to earn more than the remuneration values at the 

second mode for male and female staff in the Faculty of Health Sciences for 2002, 

2003, 2004 and 2005. 

Male 
Year Location of #Staff Total Prop. Prob. 

2"d mode 
2002 R455 353 18 49 0.37 0.28 
2003 R490 586 17 50 0.34 0.28 
2004 R505 314 23 49 0.47 0.33 
2005 R560 800 26 53 0.49 0.35 

Female 
Year Location of #Staff Total Prop. Prob. 

2"d mode 

2002 R380 436 4 62 0.06 0.08 
2003 R410 394 4 53 0.04 0.09 
2004 R430 201 6 53 0.04 0.09 
2005 R461 224 4 64 0.04 0.08 
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FIGURE 3.4.47: Kernel density estimates of the densities associated with the remuneration of male 
and female C1 staff members of the Faculty of Health Sciences for 2002 and 2003. 
The mean earnings for female and male staff are indicated by dashed and solid lines 
respectively. 
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FIGURE 3.4.48: Kernel density estimates of the densities associated with the remuneration of male 
and female C1 staff members of the Faculty of Health Sciences for 2004 and 2005. 
The mean earnings for female and male staff are indicated by dashed and solid lines 
respectively. 
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3.5 S1U1mmary 

The graphical exploratory analyses conducted in Chapter 3 enable an investigation of the 

remuneration and age distributions of C1 staff members. Graphical representations allow a display of 

the properties of the underlying distributions and leading to a better insight into the differences of the 

age and remuneration distributions of C1 staff members according to faculty and gender. The 

medians, means, standard deviations and coefficients of variation for each of the remuneration 

distributions are given by Quantitative tables in Appendix A. These tables also include the age 

distributions for 2002 and 2005. 

In secion 3.2 the boxplots were shown for the remuneration and age distributions of permanent full

time C1 staff members at the University and according to faculty and gender for 2002 to 2005. An 

approximate 95% confidence interval was computed for the median of each of the distributions and is 

indicated by a notch on each of the boxplots. 

The boxplots of the remuneration distributions clearly indicate an increase in the median and average 

remuneration for C1 staff members from 2002 to 2005 in total, as well as separately for male and 

female staff members. There are also clear differences in the increase of the median and average 

remuneration between the various faculties. These differences are mainly the result of different age 

and gender profiles and different qualification and rank structures in the various faculties. Retirement 

of staff members and new appointments also influence the position of each faculty differently. 

However, the faculties with the highest mean earnings remain approximately the same over the four 

years. The Faculties of Law, Economic and Management Sciences, Engineering and Health Sciences 

have the highest average remunerations for 2002 to 2005. The Faculty of Theology is not taken into 

account for this comparison, because of the small number of staff members in this faculty. 

By comparing the boxplots of male and female staff members, it is clear that a general pattern occurs 

between the remuneration distributions for men and women. From these graphical representations it 

is obvious that the median and average remuneration of men are throughout higher than that of 

women. This holds for 2002, 2003, 2004 and 2005 in all nine faculties. The boxplots reveal significant 

differences between the medians of men and women at 5% significance level for the Faculties of 

Science, AgriSciences and Health Sciences for 2002, 2003, 2004 and 2005. The difference for the 

Faculties of Science and Health Sciences is striking. The largest increase in the average 

remuneration for men for 2002 to 2005 occurred in the Faculty of Economic and Management 

Sciences while the largest increase in the average remuneration for women for 2002 to 2005 occurred 

in the Faculties of Education and Law. The increase in average remuneration from 2002 to 2005 for 

male staff members in the Faculty of Economic and Management Sciences was 30% while the 
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increase in average remuneration for female staff members in the Faculties of Education and Law 

were 42% and 41 % respectively. 

The box and whisker representations that compare the age distributions for C1 staff members indicate 

clear differences between the medians of the various faculties and the medians of male and female 

staff members. The age distribution of all the permanent full-time C1 staff members at the University 

is also indicated in the boxplots of the various faculties. The Faculty of Law, with a median C1 staff 

member age of 40 in 2005, is by far the most youthful faculty, while the median age of the Faculty of 

Education is the highest for 2002, 2003, 2004 and 2005. This faculty had a median age of 53 for 2005 

which means that 50% of the permanent full-time C1 staff members may retire on pension within the 

next seven years. The median and average age for men are throughout higher than that of women. 

The boxplots reveal, again, significant differences between the medians of men and women at 5% 

significance level for the faculties of Science, AgriSciences and Health Sciences. Note that the age 

distributions for men and women of the Faculty of Economic and Management Sciences also differ at 

a 5% significance level. From Tables A.2.1 to A.2.10 it is clear that in almost all the faculties male 

staff members are represented in greater numbers in the intervals over 40 years, while female staff 

members are represented in greater numbers in the intervals under 40 years for 2002 and 2005. In 

the Faculty of Science men are represented in greater numbers in all the age intervals. This is also 

true for the Faculty of AgriSciences for 2002, while men and women are equally represented in the 

age intervals under 40 years for 2005. 

The main goal of this study is to determine which factors are responsible for the difference between 

the remuneration of male and female C1 staff members. The significant difference between the 

remuneration and age distributions of the Faculties of Science, AgriSciences and Health Sciences 

points to a strong relationship between the age and the remuneration of a C1 staff member. This 

relationship will be further investigated in the multivariate analyses in Chapter 4. 

Lastly, the underlying densities of the remuneration of each of the faculties and of male and female 

staff members within each faculty were estimated and plotted in section 3.4. Most of the properties of 

the underlying remuneration distributions that were revealed by the boxplots are also reflected by the 

density estimates. For this assignment it is advantageous to use non-parametric data driven density 

estimates instead of parametric estimates, because the remuneration distributions are skew and 

therefore normal distributions are not justifiable. Numerical integration is used to calculate the 

probabilities associated with the remuneration distributions of C1 staff members. The probabilities to 

earn more than the remuneration values at the main peaks were calculated for each density function. 

Higher mean earnings for men are reflected by the estimated distributions for men that lie more to the 

right than the distributions for women. This result holds for all C1 staff members at the University and 
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for each faculty for 2002, 2003, 2004 and 2005. Promotions, new appointments and salary increases 

that occurred over the four years are reflected by density estimates that became wider with heavier 

tails and main peaks that moved towards higher remuneration values from 2002 to 2005. However, it 

is clear that the densities of female staff members do not widen to the same degree as that found for 

male staff members. This result is also reflected by the main peaks of the densities for men that are 

located at much higher remuneration values than the main peaks of the densities for women for 2002, 

2003, 2004 and 2005. 

The remuneration dataset also includes information on the rank, qualification and research output of 

each C1 staff member. It is a well known fact that there exist a relationship between these variables 

and the remuneration of a C1 staff member. A better understanding of this relationship can be 

obtained by conducting a multivariate analysis on the dataset. This will be discussed in chapter 4 and 

the statistical analyses will, again, be supported by graphical displays to enhance the understanding of 

the data structures. 
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CIHIA!Pl"IER 4 

Ml!Jl l"~VAR~Al"E ANAl YS~S 

4. ~ Introduction 

In chapter 3 the variables remuneration and age were explored univariately, but the record of each 

staff member consists of observations on the variables remuneration, age, rank, type of 

qualification and research output. C1 Staff members differ from one another with respect to each 

of these variables and therefore it is necessary to investigate the joint distribution of the variables. 

In chapter 4 bivariate and multivariate graphical techniques will be used to analyse the bivariate 

and multivariate joint distributions associated with the different variables. 

In section 4.2 the bivariate distributions of the remuneration and age variables will be investigated 

graphically by means of bagplots. Section 4.3 examines the relationships among the variables 

remuneration, research output, academic qualification, rank and age visually by multivariate 

graphical displays. PCA biplots are constructed to optimally display the multidimensional variation 

in the remuneration dataset, while CVA biplots are constructed to optimally separate the different 

groups or classes in the remuneration dataset. The AOD biplot that provides a plausible 

replacement for the CVA biplot if the conditions for the correct application of a canonical variate 

analysis do not hold, is also discussed in section 4.3. 

4.2 Tlhe 1Bag1Plot: A !Bivariate 1Bmt1Plot 

In chapter 3 the boxplot was used to summarise the location, spread, skewness and outliers in the 

data. All these properties, including correlation, can be visualized by the two-dimensional bagplot. 

The bagplot introduced by Rousseeuw, Ruts and Tukey (1999) is a bivariate generalization of the 

univariate boxplot. Its main components are a bag that contains 50% of the data points, a fence 

that separates inliers from outliers, and a loop indicating the points outside the bag but inside the 

fence. The depth median, the point with highest halfspace depth, lies in the bag and is indicated 

by a cross. The bag is the polygon with dark grey interior and a fence (which is not plotted) can be 

constructed by inflating the bag by a factor of three. Observations outside the bag but inside the 

fence are marked by a light grey loop and play the same role as the whiskers in the one

dimensional boxplot. The shape of the bag and the loop give an indication of the skewness in the 

data. Observations outside the fence are indicated by black stars and flagged as outliers. The 

orientation of the bag can be used to determine the correlation of the data. 
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4.2.1 Construction of the Bagplot 

The box of the univariate boxplot extends from the observation with rank [ ~] (lower quartile) to 

that with rank [ 
3
:] (upper quartile), with the central bar drawn at the median. A natural 

generalization of the univariate rank concept to a bivariate dataset is the notion of halfspace depth. 

The halfspace location depth ldepth (0, Z) of some point 0 e 91 2 relative to a bivariate data cloud 

Z = {z1,z2 , ••. ,z
0

} was introduced by Tukey (1975). It is the smallest number of z1 contained in 

any closed halfplane with boundary line through 0 . The depth region D k is the set of all 0 with 

ldepth (0, Z) larger than or equal to k. The depth regions are convex polygons with the property 

Dk+t c Dk . A time efficient algorithm was constructed by Ruts and Rousseeuw (1996) for 

calculation of ldepth (0, Z) and the construction of the depth regions D k . 

The depth median T • or Tukey median of z (Donoho and Gasko, 1992) is defined as the 0 with 

highest ldepth (0, Z) if there is only one such 0 . Otherwise, T* is defined as the center of gravity 

of the deepest region. An algorithm for T• is provided by Rousseeuw and Ruts (1998). For the 

construction of the bag let #Dk denote the number of data points contained in Dk and determine 

the value of k for which #Dk s; [%] s;# Dk-t. The bag B of % observations with largest depth can 

now be obtained by linear interpolation between Dk and D k-t relative to the depth median T•. 

The bag B constructed in this way is a convex polygon. Appendix A of Rousseeuw and Ruts 

(1997) describes the construction of the bag in more detail. 

The fence is obtained by inflating B by a factor three, relative to T• . (Rousseeuw and Ruts, 1997). 

The observations outside the fence are flagged as outliers. The fence can be regarded as the 

convex hull of the bag and the non-outliers. 

4.2.2 Convex hull 

The bagplot is only plotted when there are at least 15 observations in the dataset. However, the 

shape of the main cluster of data points can be represented by using a convex hull. The convex 

hull for a set of points X is defined as the minimal convex set containing X . Figure 4.2.1 contains 

the convex hull of the scatterplot of the remuneration and age variables for male staff members in 

the Faculty of Economic and Management Sciences for 2004. Note that the shape of the area 

enclosed by the convex hull can be affected by outliers. For example, the observation with the 

largest remuneration value results in a convex hull with a point towards high remuneration values 

with no other observations in the vicinity. Thus, the disadvantage of a convex hull is that it 

presents a region much larger than the region where the observations are concentrated. 
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However, the area where the observations are concentrated could be enclosed by removing the 

outlier from the dataset and constructing a convex hull for the remaining observations. The R 

function chull can be used to calculate a subset of points which lie on the convex hull of the set of 

points specified. In sections 4.2.3 and 4.3.8 this function will be used to construct a convex hull for 

datasets that have less than 15 observations. 
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Figure 4.2.1 : Convex hull enclosing the observations of the remuneration and age variables for 

male staff members in the Faculty of Economic and Management Sciences for 

2004. 

4.2.3 Application of the Bagplot to the Remuneration data of 

Teaching/Research Staff members 

The bagplots in this assignment are constructed by means of the R function my. bagplot, that 

was developed by users of R in the Department of Statistics and Actuarial Science, Stellenbosch 

University. In chapter 3 the statistical properties of the univariate distributions of the variables 

remuneration and age were examined graphically by the boxplot. Now the statistical properties of 

the bivariate distributions of these variables are examined graphically by constructing bagplots. 

However, most of the results derived from the univariate distributions will also be reflected by the 

bivariate distributions. It is a well known fact that age is one of the main factors that influence the 

remuneration of C1 staff members. The bagplots in Figures 4.2.1-4.2.11 will highlight the effect of 

age on remuneration. These figures will present the bivariate distributions of each faculty as well 

as the bivariate distributions of each faculty according to gender for 2002 and 2005. 
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There appears to be a clear pattern across time that holds for each of the bivariate distributions. 

In earlier studies it was revealed that a substantial increase in the remuneration of C1 staff 

members occurred from 2002 to 2005. Therefore it will be noted that the position of the bivariate 

distributions with respect to the horizontal axis (Remuneration axis) changed from 2002 to 2005. 

The bivariate distributions of each faculty will be located around higher remuneration values in 

2005 than 2002. However, the bivariate distributions with respect to the vertical axis (Age axis) will 

remain approximately the same for 2002 to 2005. The two-dimensional distributions will also have 

greater variance in 2005 than 2002. This result will be reflected by an increase in the size of the 

bags and loops in the direction of higher remuneration values from 2002 to 2005. From Tables 

4.2.1 through 4.2.19 the following patterns will become evident for the depth medians {Tukey 

medians) and means of each of the bivariate distributions from 2002 to 2005. The means and 

depth medians will show a substantial increase on the remuneration variable from 2002 to 2005, 

while it will remain approximately the same for the age variable. The coordinates of the means 

and depth medians for the age variable will also be approximately the same, while these 

coordinates will differ substantially for the remuneration variable of almost all the faculties. 

Furthermore, the coordinates of the means and Tukey medians for male staff members will always 

be higher than the corresponding coordinates for female staff members over the four years. This 

is in agreement with earlier studies (Figures 3.4.29 through 3.4.48) that revealed that the 

univariate density estimates of male and female staff members differ to a great extent. 

The bagplots of the remuneration and age variables for the 2002 and 2005 datasets are displayed 

in Figure 4.2.2. The depth median {Tukey median), the point with highest halfspace depth, is 

indicated by a cross on the bagplots. Table 4.2.1 contains the Tukey medians and the means of 

the four bivariate distributions. 

Table 4.2.1: Means and Tukey medians of remuneration and age for 2002, 2003, 2004 and 

2005. 

Means Tukey Medians 
Rem. Age Rem. Age 

2002 238451 46 230134 46 
2003 258304 47 249411 47 
2004 268764 45 259120 45 
2005 300535 45 292456 45 

Table 4.2.1 reveals that the means have a higher coordinate for remuneration than the depth 

median for all four years. The size of the bag and especially the loop in Figure 4.2.1 show a 

substantial increase from 2002 to 2005, indicating that this two-dimensional distribution has 

markedly greater variation in 2005 than in 2002. Both bags show an upward slope (positive 

correlation) with the slope of the 2005 bag closer to 45 °. This is also reflected in the sample 

correlations between remuneration and age, which are 0.42 and 0.44 in 2002 and 2005 

respectively. 
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The bivariate distribution of 2002 is skewed with the bag positioned towards the left side of the 

larger loop, while the bivariate distributions of 2005 are only slightly skewed to the left. This 

indicates that C1 staff members that receive very higher salaries are few and tend to be located in 

the older age categories . Note the increase in the size of the loop for the remuneration variable 

from 2002 to 2005, indicates an increase in variation in the distribution of remuneration. It is clear 

from Figure 4.2.2 that the bags are positioned towards the left of the corresponding larger loops 

and therefore only a few staff members are located at very high remuneration values. Note that 

the bulk of data points in the bags are located above 40 years on the vertical axis (Age axis) for 

2002 as well as 2005. This indicates that most of the C1 staff members are located in the age 

categories above 40 years . This result is also reflected by Table A.2.10 (cf. Appendix A). 
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Figure 4.2.2 : Bagplots of remuneration and age for 2002 and 2005. 

Figure 4.2.3 shows the bagplots of the bivariate distributions of the remuneration and age 

variables according to gender for the years 2002 and 2005, while Table 4.2.2 contains the 

bivariate means and depth medians of these distributions. 

Table 4.2.2: Means and Tukey medians of remuneration and age according to gender for 2002, 

2003, 2004 and 2005. 

Male Female 
Means Tukey Medians Means Tukey Medians 

Rem. Age Rem. Aae Rem. Aae Rem. Aae 

2002 261441 48 250495 49 193128 42 183513 41 
2003 281100 49 269918 50 211451 43 201577 42 
2004 292843 47 28334q 47 224800 41 212312 40 
2005 330939 47 322266 48 248020 41 231977 40 

All the bags in Figure 4.2.3 have upward slopes and therefore the positive correlations between 

remuneration and age are evident for 2002, 2003, 2004 and 2005. These are reflections of the 

sample correlations between remuneration and age, which are 0.39 and 0.29 for male and female 

staff members respectively in 2002. In 2005 the sample correlations were 0.44 for male staff 
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members and 0.27 for female staff members. The low correlations for female staff members are 

reflected by the upward slope of the bags for 2002 and 2005, while the slope of the bags for male 

staff members is closer to 45°. 

The bivariate distributions of female staff members appear to be located towards the left for 2002 

and 2005, while the bags for male staff members are clearly located towards the left for 2002 and 

2005. This indicates skewness in the bivariate distributions and shows that there are only a few 

staff members earning very high salaries. It is clear from Figure 4.2.3 that the size of the bags for 

male staff members is somewhat larger. If a horizontal line is drawn at 40 years (on the Age axis) 

for each of the four bagplots of Figure 4.2.3 it is clear that the largest difference between the size 

of the bags for men and women occur above 40 years. The bulk of data points in the bag for male 

staff members are located above 40 years, while almost half of the data points in the bag for 

female staff members are located below 40 years. Note the increase in the size of the bag and 

loop for the bivariate distributions of both men and women from 2002 to 2005, indicating an 

increase in variation in both distributions. However, the loop for the bivariate distribution of men 

increased by a larger amount especially in the age categories above 40 years and a tail towards 

higher values of age and remuneration is evident. The size of the loop for female staff members 

increased only slightly towards high remuneration and age values. The different locations of the 

bags for men and women becomes clear if vertical lines are drawn on the remuneration axis at 

R200 000 for 2002 and R300 000 for 2005. In 2002 the bulk of the data points in the bag for male 

staff members are located to the right of R200 000, while the bulk of the data points in the bag for 

female staff members are located to the left of R200 000. The same result holds for 2005, but with 

the vertical lines drawn at R300 000. 

It can be concluded from the bivariate distributions of Figure 4.2.3 that the difference in the 

remuneration of male and female C1 staff members is mainly caused by a long tail towards higher 

remuneration values for male staff members, a positive correlation between remuneration and age 

and much more male than female staff members that are located in the age categories above 40 

years. It is also clear that the biggest difference between the remuneration of male and female 

staff members occurs in the age categories above 40 years. The slopes of the bags for male and 

female staff members indicates clearly that men located in the age categories above 40 earn much 

higher salaries than women. This could be caused by other factors that are related to age, such 

as ranks, academic qualifications and research outputs. The relationship between these factors 

and remuneration and age will be studied in the multivariate analysis of section 4.3. 
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Figure 4.2.3 : Bagplots of remuneration and age according to gender for 2002 and 2005. 
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Figures 4.2.4 and 4.2.5 show the relationship between remuneration and age for all C1 staff 

members in the Faculty of Arts and according to gender for 2002 and 2005. The coordinates of 

the means and depth medians (indicated by a cross) are tabulated for each of these bivariate 

distributions in Tables 4.2.3 and 4.2.4. 

Table 4.2.3: Means and Tukey medians of remuneration and age for the Faculty of Arts for 2002, 

2003, 2004 and 2005. 

Means Tukey Medians 
Rem. AQe Rem. Age 

2002 213665 47 207556 47 
2003 233133 48 226217 49 
2004 241073 46 233607 47 
2005 269678 46 263634 48 
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Table 4.2.4: Means and Tukey Medians of remuneration and age for the Faculty of Arts 

according to gender for 2002, 2003, 2004 and 2005. 

Male Female 
Means Tukey Medians Means Tukey Medians 

Rem. Age Rem. Age Rem. Age Rem. Age 
2002 232665 49 233728 50 185170 44 178143 41 
2003 "252769 50 251474 51 202324 45 195919 42 
2004 259333 48 252796 49 215680 43 202388 42 
2005 288206 49 282154 50 245269 43 228523 41 
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It is clear from Tables 4.2.3 and 4.2.4 that the coordinate for the means of remuneration exceed 

that of the Tukey medians for each of the bivariate distributions. The only exception is the Tukey 

median for the bivariate distribution of male staff members for 2002 that is larger than the mean 

value. 

Figures 4.2.4 and 4.2.5 show that the size of the bags and the loops of the bivariate distributions 

for the 2005 datasets are somewhat larger than those for the 2002 datasets. This indicates an 

increase in variation in the distributions from 2002 to 2005. The correlations between 

remuneration and age for the Faculty of Arts are 0.49 and 0.54 in 2002 and 2005 respectively. 

The correlations for male staff members are 0.59 and 0.48 in 2002 and 2005 respectively, while 

the correlations for female staff members are 0.37 and 0.46 in 2002 and 2005 respectively. These 

correlations agree with the upward tendency in the corresponding bagplots and indicate that the 

difference between the slopes of the bags for male and female staff members decreased 

substantially from 2002 to 2005 and are approximately the same for 2005. The substantial 

increase in the correlation for female staff members indicates that there is a greater tendency for 

women to earn higher salaries in 2005. This result is also reflected by the bagplots of Figure 4.2.5 

and indicates that more female staff members are located towards higher remuneration values for 

2005 than 2002. 

The bags of the bivariate distributions of Figures 4.2.4 and 4.2.5 are all located towards the left of 

the corresponding larger loop indicating skewness in the data. Note the distribution for female 

staff members are only slightly skew. Both of the bivariate distributions in Figure 4.2.4 for 2002 

and 2005 have long tails in the direction of high remuneration and age values. These tails are also 

present in the bivariate distributions for male staff members, while the distribution for female staff 

members has a small tail in the direction of low age and high remuneration values for 2005. If 

vertical lines are drawn at R200 000 and R300 000 (on the Remuneration axis) for each of the 

bagplots of male and female staff members for 2005 it is clear that the number of male staff 

members that lie to the right of R300 000 exceed the number of female staff members, while the 

number of female staff members that lie to the left of R200 000 exceed the number of male staff 

members. However, if a horizontal line is drawn at 40 years (on the Age axis) it is clear that the 

bulk of data points in the bag and loop of male staff members for 2002 and 2005 corresponds to a 

age of more than 40 years. It is also clear that female staff members are mostly located in the 

younger age categories below 40 years. This result is also reflected by the univariate distributions 

of Figure 3.2.12 (a). 
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Figure 4.2.4 : Bagplots of remuneration and age for the Faculty of Arts for 2002 and 2005. 
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Figure 4.2.5 : Bagplots of remuneration and age for the Faculty of Arts according to gender for 

2002 and 2005. 
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It can be said, therefore, that the difference between the means and Tukey medians for men and 

women presented in Figure 4.2.5 are mainly caused by the longer tail towards higher remuneration 

and age values for the bivariate distribution of men and the fact that C1 staff members that receive 

high salaries tend to be located in the older age categories. 

The bagplots of the bivariate distributions for the Faculty of Science for 2002 and 2005 are 

displayed in Figure 4.2.6 Figure 4.2. 7 display these bagplots according to gender for 2002 and 

2005. The Tukey medians and means of the bivariate distributions are reflected by Tables 4.2.5 

and 4.2.6. 

Table 4.2.5: Means and Tukey medians of remuneration and age for the Faculty of Science for 

2002, 2003, 2004 and 2005. 

Means Tukey Medians 
Rem. Age Rem. Age 

2002 226732 46 222738 45 
2003 243057 47 239007 46 
2004 252859 45 249393 45 
2005 288533 45 281220 44 

Table 4.2.6: Means and Tukey medians of remuneration and age for the Faculty of Science 

according to gender for 2002, 2003, 2004 and 2005. 

Male Female 
Means Tukey Medians Means Tukey Medians 

Rem. Age Rem. Age Rem. Age Rem. Age 
2002 246101 46 242426 47 176857 41 176505 39 
2003 263294 47 260102 48 190948 42 190471 41 
2004 276024 45 272751 47 198987 42 196099 39 
2005 315416 45 314034 47 224862 41 219942 39 

The x coordinate for the means is only slightly higher than the coordinate for the Tukey medians 

for 2002, 2003, 2004 and 2005. The same result holds for the bivariate distributions of male and 

female staff members, reflected by Table 4.2.6. 

The positive correlations between remuneration and age are evident for each of the bivariate 

distributions of Figures 4.2.6 and 4.2.7 and agree with the correlations reflected by Table A.3 (cf. 

Appendix A). The correlations between remuneration and age are 0.40 and 0.58 for 2002 and 

2005 respectively. The correlations for female staff members are 0.40 and 0.49 and the 

correlations for male staff members are 0.32 and 0.56 in 2002 and 2005 respectively. Again, the 

correlations reflect that older staff members tend to earn larger salaries than staff members 

located in the younger age categories. 

The size of the bags and loops of Figures 4.2.6 and 4.2.7 increased substantially in the direction of 

high remuneration and age values from 2002 to 2005. This indicates an increase in the 

remuneration of staff members from 2002 to 2005. Remuneration increases are often given in 

percentage terms and therefore the gap between staff members earning high salaries and staff 

members earning low salaries will increase in Rand terms. This result is clearly reflected by the 

bags and loops in the bagplots inflating towards higher remuneration values from 2002 to 2005, 

Stellenbosch University  https://scholar.sun.ac.za



2002 2005 

70 70 

60 60 

50 * 50 

~ 
40 

~ 
40 "' "' Ql Ql 

c. c. 
Ql Ql 
O> 30 O> 30 
<( <( 

20 20 

10 10 

Remuneration(x 10000XRand) Remuneration(x 10000XRand) 

Figure 4.2.6 : Bagplots of remuneration and age for the Faculty of Science for 2002 and 2005. 
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Figure 4. 2. 7 : Bagplots of remuneration and age for the Faculty of Science according to gender 

for 2002 and 2005. 
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especially in the age categories above 40 years. However, this result does not hold for the bag 

and loop of the bivariate distribution for female staff members. Although the bag for female staff 

members are located around higher remuneration values in 2005 the size of the bag increased 

only slightly. This is mainly because female staff members were initially located at lower 

remuneration values than male staff members and therefore male staff members will receive a 

higher increase in Rand terms which leads to a larger increase in the size of the bag and loop. 

Note that the loop for female staff members increased slightly in the direction of high remuneration 

and age values with two outliers appearing in 2005. Therefore a few female staff members 

received a substantial remuneration increase from 2002 to 2005. The bags of Figure 4.2.6 and the 

bags for male staff members are positioned towards the left and lower sides of the corresponding 

larger loops with tails in the direction of high remuneration and age values. This indicates that only 

a few staff members have remuneration and age values that are both high. 

The difference between the remuneration of male and female staff members is highlighted if 

vertical lines are drawn at R200 000 for 2002 and R300 000 for 2005 on the horizontal axis 

(Remuneration axis) of Figure 4.2.7 for 2002 and 2005. In 2002 almost the entire bag for male 

staff members is located to the right of R200 000, while almost the entire bag for female staff 

members is located to the left of R200 000. In 2005 approximately half of the bag for male staff 

members is located to the right of R300 000, while the entire bag for female staff members is 

located to the left of R300 000. This is in agreement with the density estimates of Figure 3.4.34. 

Therefore, although the difference between the remuneration of male and female staff members is 

still substantial for 2005 it has decreased slightly. Note that most of the male staff members are 

located above 40 years on the vertical axis (Age axis), while the number of female staff members 

located above and below 40 years are approximately the same. According to Table A.2.2 (cf. 

Appendix A) 70% of the staff members in this faculty are male staff members for 2002 and 2005. 

Therefore it can be concluded that, again, a long tail towards high remuneration and age values, a 

positive correlation between remuneration and age and very few female staff members located in 

the age categories above 40 years are mainly responsible for the large difference between the 

remuneration of male and female staff members in this faculty. 

Figure 4.2.8 shows the relationship between remuneration and age for the Faculty of Education for 

the years 2002 and 2005. The relationship for male and female staff members are presented 

separately by Figure 4.2.9. The coordinates of the means and depth medians are summarised in 

Tables 4.2.7 and 4.2.8 for each of the bivariate distributions. 

Table 4.2. 7: Means and Tukey medians of remuneration and age for the Faculty of Education for 

2002, 2003, 2004 and 2005. 

Means Tukey Medians 
Rem. Age Rem. Age 

2002 211728 51 208308 52 
2003 227831 52 225356 53 
2004 247248 51 243950 52 
2005 283336 50 278081 51 
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Table 4.2.8: Means and Tukey medians of remuneration and age for the Faculty of Education 

according to gender for 2002, 2003, 2004 and 2005. 

Male Female 
Means Tukey Medians Means Tukey Medians 

Re m. Age Rem. Age Rem. Age Rem. Age 
2002 238 514 52 246264 54 186217 50 183514 51 
2003 258 878 53 266086 55 198263 51 196360 52 
2004 269 653 52 273683 53 228044 50 218615 51 
2005 304 349 52 309635 54 264536 49 257175 50 
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Tables 4.2.7 and 4.2.8 reveal that the bivariate means and depth medians for the Faculty of 

Education do not differ much over the four years. The two coordinates of the means and Tukey 

medians for the remuneration variable are very close to these obtained for 2002 to 2005. From 

Table 4.2.8 it is clear that for the bivariate distribution of male staff members the coordinates of the 

Tukey medians for the remuneration variable is larger than the means, while the means of the 

remuneration for female staff members is larger than the Tukey medians. 

The bags of the bagplots in Figure 4.2.8 have fairly similar sizes with the bag inflating slightly 

towards higher remuneration values in 2005. This result shows that some of the staff members 

have moved towards higher remuneration values, reflecting an increase in remuneration from 

2002 to 2005 A slight upward tendency is depicted in the 2002 bagplots of Figures 4.2.8 and 

4.2.9. The bags show an upward slope close to 45° and agree with the following correlations 

between remuneration and age: 0.47 for all C1 staff members in 2002, 0.43 for male staff 

members in 2002 and 0.48 for female staff members in 2002. The bags for 2005 are more circular 

and therefore have the following lower correlations between remuneration and age: 0.23 for all C1 

staff members in 2005, 0.13 for male staff members in 2005 and 0.23 for female staff members in 

2005. The circular bags for 2005 also indicate that there are many C1 staff members located in 

the older age categories earning approximately the same as there younger colleagues. However, 

it must be taken into account that almost all the staff members in this faculty are located in the age 

categories above 40 years. 

All of the bags in Figures 4.2.8 and 4.2.9 are located above 40 years on the vertical axis (Age axis) 

with only a small part of the larger loops located below 40 years. Note that for the bivariate 

distribution of 2002 the bulk of the data points in the bag for male staff members are located to the 

right of R200 000, while the bulk of the data points in the bag for female staff members are located 

to the left of R200 000. The distributions for 2005 can be compared by drawing vertical lines at 

R200 000 and R400 000. The bags for male and female staff members are fairly symmetrical: the 

data points in both of the bags correspond to remuneration values between R200 000 and R400 

000 as well as age values between 40 and 60 years. Note that the bag for female staff members 

inflated substantially in the direction of higher remuneration values from 2002 to 2005. Therefore it 

is clear that the difference between the remuneration of male and female staff members has 

decreased from 2002 to 2005. However, approximately half of the bag for male staff members is 

located to the right of R300 000, while only a small part of the bag for female staff members is 

located in this area. Therefore the difference between the remuneration of male and female staff 
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Figure 4.2.8: Bagplots of remuneration and age for the Faculty of Education for 2002 and 2005. 
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Figure 4.2.9: Bagp/ots of remuneration and age for the Faculty of Education according to 

gender for 2002 and 2005. 
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members occurs mainly at very high remuneration values. This is also reflected by the univariate 

density functions of Figure 3.4.36. 

According to Tables A.2.3 and A.2.9 the Faculties of Education and Health Sciences are the only 

faculties with more female staff members than male staff members for 2002 and 2005. The 

Faculty of Education has approximately the same number of male and female staff members in all 

the age categories. Therefore the larger number of male staff members located at very high 

remuneration values could be caused by other factors such as academic qualification, rank and 

research output. 

Figure 4.2.10 shows the bagplots of the bivariate distributions for the Faculty of AgriSciences for 

2002 and 2005, while Figure 4.2.11 present these bagplots according to gender. Tables 4.2.9 and 

4.2.10 contain the bivariate means and depth medians of these distributions. 

Table 4.2.9: Means and Tukey medians of remuneration and age for the Faculty of AgriSciences 

for 2002, 2003, 2004 and 2005. 

l\lleans Tukey Medians 
Rem. Age Rem. Age 

2002 233945 46 230837 47 
2003 249816 47 244467 48 
2004 244412 44 226216 41 
2005 277389 44 257638 42 

Table 4.2.10: Means and Tukey medians of remuneration and age for the Faculty of 

AgriSciences according to gender for 2002, 2003, 2004 and 2005. 

Male Female 
Means Tukey Medians l\lleans Tukey Medians 

Rem. Age Rem. Age Rem. Age Rem. Age 
2002 242036 48 249505 51 205317 39 197037 37 
2003 257561 49 263604 52 222411 40 211971 38 
2004 257906 47 256533 48 209928 37 194070 34 
2005 297352 47 296356 49 237462 38 228349 36 

Studying Table 4.2.9 reveals that the mean coordinates of the remuneration variable do not differ 

much from the depth medians for 2002 and 2003, while there is a substantial difference between 

these coordinates for 2004 and 2005. Studying Table 4.2.10 reveals that the means and depth 

medians of the remuneration variable for male staff members are approximately the same with the 

Tukey medians slightly higher than the means for 2002 and 2003. The means of the remuneration 

variable for female staff members are slightly higher than the Tukey medians for 2002, 2003, 2004 

and 2005. 

The shape of the bags and loops in Figure 4.2.10 indicates that the bagplot for the 2005 

remuneration dataset has more variation. This result also holds for the bagplots in Figure 4.2.11. 

Note that the bagplot for female staff members in 2002 is replaced with a convex hull, because 

there were less than 15 female staff members in the Faculty of AgriSciences for 2002. The size of 
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the bag for female staff members is appreciable smaller than the bag for male staff members. This 

is mainly caused by the small number of female staff members in this faculty. According to Table 

A.2.4 (Appendix A}, 64% of the staff members in the Faculty of AgriSciences are male staff 

members. Note that the number of male and female staff members in the age categories below 40 

years is the same, while there were more male than female staff members in these age categories 

for 2002. 

The bags of Figure 4.2.10 show an upward slope that agree with the following correlations 

between remuneration and age for the 2002 and 2005 datasets : 0.57 for 2002 and 0. 71 for 2005. 

Both of these correlations are larger than 45° and therefore indicate that older staff members tend 

to earn higher salaries. The larger correlation for 2005 reflects the increase in remuneration from 

2002 to 2005 and indicates that staff members located around high remuneration and age values 

received higher increases than their younger colleagues. The correlations for male and female 

staff members show the same tendency. The correlations between remuneration and age for male 

staff members are 0.52 in 2002 and 0.66 in 2005 and for female staff members the correlations 

are 0.45 and 0.62 in 2002 and 2005 respectively. 

The bulk of the data points in the bags and loops of the 2002 and 2005 bivariate distributions is 

located above 40 years on the vertical axis (Age axis). This result also holds for the bivariate 

distributions of male staff members, but for female staff members most of the data points in the 

convex hull for 2002 and the bag for 2005 are located below 40 years. If vertical lines are drawn 

at R200 000 on the remuneration axis of the bivariate distributions for male and female staff 

members for 2002, two thirds or more of the data points for male staff members lie to the right of 

R200 000. More than half of the female staff members in the convex hull for 2002 are located to 

the left of R200 000. To compare the bivariate distributions for male and female staff members for 

2005, horizontal lines can be drawn at R300 000 on the remuneration axis. Almost the entire bag 

of the bivariate distribution for female staff members are located to the left of R300 000, while a 

large part of the bag for male staff members is located to the right of R300 000. It is also 

noteworthy that the majority of the female staff members located in the age categories above 40 

years are located to the left of R300 000 in 2005. The multivariate analysis in the next section can 

be used to determine if this is caused by factors such as academic qualification, rank and research 

output. 

The results derived for the bivariate distributions of the Faculty of AgriSciences indicate large 

differences between the distributions for male and female staff members for 2002 and 2005. 

Although these differences have decreased slightly from 2002 to 2005 the bivariate distributions 

for male and female staff members still differ to a great extent. These results are in agreement 

with earlier studies revealed by the univariate density estimates (Figures 3.4.37 and 3.4.38) of 

male and female staff members. 
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Figure 4.2.10: Bagplots of remuneration and age for the Faculty of AgriSciences for 2002 and 

2005. 
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Figure 4.2.11 : Bagplots and convex hulls of remuneration and age for the Faculty of 

· AgriSciences according to gender for 2002 and 2005. 
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The bivariate distributions for the Faculty of Law are presented by Figure 4.2.12 for 2002 and 

2005. The bivariate distributions for male and female staff members in the Faculty of Law are 

presented by Figure 4.2.13. Again, the bagplots for female staff members in Figure 4.2.13 are 

replaced with a convex hull, because there were less than 15 female staff members in the Faculty 

of Law for 2002 and 2005. Tables 4.2.11 and 4.2.12 reveal the bivariate means and depth 

medians of the bivariate distributions represented by Figures 4.2.12 and 4.2.13. 

Table 4.2.11: Means and Tukey Medians of remuneration and age for the Faculty of Law 

for 2002, 2003, 2004 and 2005. 

Means Tukey Medians 
Rem. Age Rem. AQe 

2002 243205 41 228023 39 
2003 262622 42 254461 41 
2004 281614 42 267765 40 
2005 307236 41 278769 38 

Table 4.2.12: Means and Tukey Medians of remuneration and age for the Faculty of Law 

according to gender for 2002, 2003, 2004 and 2005. 

Male Female 
Means Tukey Medians Means Tukey Medians 

Rem. Age Rem. Ai:1e Rem. Age Rem. Ai:1e 
2002 262958 43 243542 41 181124 33 170620 31 
2003 281084 44 273973 43 204599 34 193201 33 
2004 304171 44 288399 43 226473 35 216733 33 
2005 336139 44 311025 42 255210 35 247149 34 

From Tables 4.2.11 and 4.2.12 the difference between the coordinates of the means and Tukey 

medians for the remuneration variable is evident. The coordinates of the means for the 

remuneration variable is substantially higher than the coordinates of the Tukey medians for 2002, 

2003, 2004 and 2005. Although the coordinates of the means and Tukey medians for the age 

variable are approximately the same for the bivariate distributions over the four years, the 

coordinates of the means is higher throughout. 

A striking characteristic about the bivariate distributions for the Faculty of Law in Figures 4.2.12 

and 4.2.13 is the long thin bags with an upward slope that indicates a high correlation between 

remuneration and age. This agrees with the results of Table A.3.1 (cf. Appendix A) : the 

correlations between remuneration and age for Figure 4.2.12 are 0.83 in 2002 and 0.81 in 2005, 

for male staff members the correlations are 0.79 in 2002 and 0.79 in 2005 and for female staff 

members the correlations are 0.74 in 2002 and 0.71 in 2005. Note that the correlations of the 

Faculty of Law, if compared to the correlations of the other faculties, are the highest for 2002, 

2003, 2004 and 2005. 

The size of the bags of Figures 4.2.11 and 4.2.12 increases only slightly from 2002 to 2005, while 

the loops remain approximately the same for these time periods. Note that there are very few staff 

members in this faculty with only 18 male and 10 female staff members for 2005. The thin bags 
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and high correlation between remuneration and age indicate that the staff members in the same 

age categories earn approximately the same. Furthermore, there are very few younger staff 

members earning more than their older colleagues. It is clear from Figure 4.2.13 that more than 

half of the female staff members are located in the age categories below 40 years, while more 

than half of the bag for male staff members is located in the age categories above 40 years. The 

remuneration values for male and female staff members can be compared by drawing lines at 

R200 000 and R300 000 for the bivariate distributions of 2002 and 2005 respectively. Only two 

female staff members are located to the right of R200 000 in 2002, while almost the entire bag for 

male staff members is located to the right of R200 000 in 2002. In 2003 only three female staff 

members are located to the right of R300 000, while more than half of the bag for male staff 

members is located to the right of R300 000. 

The bivariate distributions for the Faculty of Law indicate a very high correlation between 

remuneration and age. It can be said, therefore, that the difference between the means and Tukey 

medians of male and female staff members is mainly caused by very few female staff members 

that are located in the age categories above 40 years. 

The Faculty of Theology has very few staff members with only 13 staff members for 2005. 

Therefore the bagplots for this faculty are replaced by the convex hulls of Figure 4.2.14. 

According to Table A.2.6 (cf. Appendix A) there were only one female staff members in this faculty 

from 2002 to 2004. Figure 4.2.14 presents the convex hulls for the 2002 and 2005 remuneration 

distributions. Table 4.2.13 contains the bivariate means and depth medians for 2002 to 2005. 

Table 4.2.13: Means and Tukey Medians of remuneration and age for the Faculty of Theology 

for 2002, 2003, 2004 and 2005. 

Means Tukey Medians 
Rem. Age Rem. Age 

2002 270005 54 259644 56 
2003 279930 55 277187 55 
2004 273374 47 260329 46 
2005 285443 46 272837 43 

Table 4.2.13 indicates a substantial difference in the coordinates of the bivariate means and depth 

medians of the remuneration variable for 2002, 2004 and 2005. From Figure 4.2.14 it is clear that 

the variation in the data points increased from 2002 to 2005. The convex hull for 2002 is 

approximately circular while the convex hull for 2005 has an upward slope. This is a reflection of 

the correlations between remuneration and age, which are 0.10 in 2002 and 0.74 in 2005. The 

large difference in the form of the convex hulls and the correlations for 2002 and 2005 is caused 

by the appointment of younger staff members and salary increases from 2002 to 2005. It can be 

said, therefore, that older staff members in the Faculty of Theology tend to earn more than their 

younger colleagues for 2005, while this result did not hold for 2002. 
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Figure 4.2.12: Bagplots of remuneration and age for the Faculty of Law for 2002 and 2005. 
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Figure 4. 2. 13 : Bag plots and convex hulls of remuneration and age for the Faculty of Law 

according to gender for 2002 and 2005. 
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Figure 4.2.14: Convex hulls of remuneration and age for the Faculty of Theology for 2002 and 

2005. 

The bivariate distributions of the Faculty of Economic and Management Sciences are compared in 

Figure 4.2.15 for 2002 and 2005. These distributions are compared for male and female staff 

members in Figure 4.2.16. Tables 4.2.14 and 4.2.15 reveal that the bivariate means and depth 

medians for the two bivariate distributions do not differ much over the four years. The bivariate 

means for the remuneration variable are only slightly higher than the Tukey medians for each of 

the bivariate distributions in Figures 4.2.15 and 4.2.16. 

Table 4.2.14: Means and Tukey medians of remuneration and age for the Faculty of Economic 

and Management Sciences for 2002, 2003, 2004 and 2005. 

l\lleans Tukey Medians 
IRem. Age IRem. Age 

2002 244784 43 238889 43 
2003 264032 41 256538 44 
2004 279387 44 270733 41 
2005 316323 42 307822 42 

Table 4.2.15: Means and Tukey medians of remuneration and age for the Faculty of Economic 

and Management Sciences according to gender for 2002, 2003, 2004 and 2005. 

l\llale Female 
l\lleans Tukey Medians Means Tukey Medians 

Rem. Age Rem. Age Rem. Age Rem. Age 
2002 259509 47 253551 48 21.4202 35 216644 35 
2003 279563 48 273266 49 231773 36 238720 36 
2004 299898 46 289533 47 244516 35 246736 34 
2005 336362 46 332508 48 281037 35 283738 34 
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The size of the loops and bags in Figures 4.2.15 and 4.2.16 show an increase from 2002 to 2005, 

indicating that these two-dimensional distributions have markedly greater variation in 2005 than 

2002. The bags and loops mainly increase towards higher remuneration values. There are a 

substantial number of staff members in the Faculty of Economic and Management Sciences 

earning high salaries and therefore a percentage increase will lead to a larger increase in Rand 

terms for these staff members than for staff members earning lower salaries. Therefore the bags 

and loops increase by a substantial amount towards higher remuneration values. 

The bags of Figures 4.2.15 and 4.2.16 show an upward slope, but it is clear that the correlation 

between remuneration and age is not as high as it was for the Faculty of Law. The 2002 bag for 

female staff members is almost vertical. These are reflections of the correlations between 

remuneration and age, which are 0.44 and 0.39 for the 2002 and 2005 bivariate distributions 

respectively. The correlation for male staff members was 0.39 in 2002 as well as 2005, while the 

correlations for female staff members were 0.23 and 0.31 in 2002 and 2005 respectively. 

The bivariate distributions of Figure 4.2.15 are slightly skewed, since the bags are positioned 

towards the left side of the corresponding larger loops. This result also holds for the bags of male 

staff members in Figure 4.2.16. Therefore the distributions have tails towards higher remuneration 

values with very few staff members earning very high salaries. These figures indicate that the 

distributions have staff members located in the older and younger age categories that receive very 

high salaries. There are a substantial number of staff members in this faculty with professional 

qualifications and therefore age does not have a large effect on the remuneration of the majority of 

the C1 staff members in the Faculty of Economic and Management Sciences. The bags for female 

staff members are also slightly skewed, but are positioned towards the lower side of the 

corresponding larger loops. Therefore there are only a few female staff members that have high 

remuneration and age values. This is mainly caused by the fact that the majority of female staff 

members in this faculty are located in the age categories below 40 years. The bulk of the data 

points in the bags and the loops of the bivariate distributions for male staff members are located 

above 40 years. The remuneration distributions for male and female staff members can, again, be 

compared by drawing vertical lines on the remuneraiton axis at R200 000 and R300 000 for 2002 

and 2005 respectively. It is clear that the large difference between the location of the bags for 

male and female staff members with respect to the remuneration axis, that was evident for all the 

previous faculties, has reduced for the Faculty of Economic and Management Sciences for 2002 

and 2005. Although almost the entire bag for the bivariate distribution of male staff members is 

located to the right of R200 000 in 2002, more than half of the bag for female staff members is also 

located to the right of R200 000. In 2005 more than half of the bag for male staff members is 

located to the right of R300 000, while a large part of the bag and loop for female staff members is 

located to the right of R300 000. 

It is clear that the professional qualifications of C1 staff members in the Faculty of Economic and 

Management Sciences have a large effect on the salaries of these staff members. This will be 

further investigated in the multivariate distributions in the next section. Again, it can be said, that 

the difference between the remuneration of male and female staff members is mainly caused by a 
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tail towards high remuneration values in the bivariate distributions for male staff members, while 

this is not present in the bivariate distributions for female staff members. Only 36% of the total 

number of staff members in the Faculty of Economic and Management Sciences are female staff 

members, while most of these staff members are located in the younger age categories. 

The bagplots of the Faculty of Engineering for 2002 and 2005 are displayed in Figures 4.2.17 and 

4.2.18. Tables 4.2.16 and 4.2.17 summarise the Tukey medians and means of the bivariate 

distributions. Note that there are only three female C 1 staff members in this faculty for 2002 and 

2005. These three staff members are indicated by points on the graphs of Figure 4.2.18. 

Table 4.2.16: Means and Tukey medians of remuneration and age for the Faculty of Engineering 

for 2002, 2003, 2004 and 2005. 

Means Tukey Medians 
Rem. Age Rem. Age 

2002 246142 45 247382 45 
2003 261949 46 262120 46 
2004 276029 45 282273 45 
2005 311119 44 319756 45 

Table 4.2.17: Means and Tukey medians of remuneration and age for the Faculty of Engineering 

according to gender for 2002, 2003, 2004 and 2005. 

Male Female 
Means Tukey Medians Means Tukey Medians 

Rem. Age Rem. Age Rem. Age Rem. Age 
2002 249457 45 249259 45 179840 40 179840 40 
2003 267111 46 254694 46 158714 41 158714 41 
2004 283094 45 285871 46 188428 41 190644 38 
2005 314061 44 323128 45 253257 37 253257 37 

The bivariate means and depth medians for the remuneration variable of Table 4.2.16 correspond 

well for 2002 and 2003 with a slight difference in 2004 and 2005. The bivariate means and depth 

medians of the remuneration variable for male staff members are approximately the same for 2002 

and 2004, but differ slightly for 2003 and 2005. Furthermore, the means for 2002 and 2003 are 

larger than the Tukey medians for these years, while the Tukey medians are larger than the means 

for 2004 and 2005. 

The bags for the 2002 and 2005 bivariate distributions in Figure 4.2.17 show an upward slope. 

The 2002 bag is orientated almost vertically, while the slope of the 2005 bag is closer to 45°. 

These are reflections of the correlations between remuneration and age which are : 0.29 and 0.49 

for 2002 and 2005 respectively. The same result holds for the bags of the bivariate distributions 

for male staff members in Figure 4.2.17 with correlations of 0.26 in 2002 and 0.47 in 2005. 

Therefore there is a greater tendency for older staff members to earn higher salaries in 2005. 
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Figure 4.2.15 : Bagplots of remuneration and age for the Faculty of Economic and Management 

Sciences for 2002 and 2005. 
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Figure 4.2.16 : Bagplots of remuneration and age for the Faculty of Economic and Management 

Sciences according to gender for 2002 and 2005. 
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The size of the bag for the 2005 distribution in Figure 4.2.17 is slightly larger which indicates that 

there is more variation in the 2005 distribution. Note that the bag is located to the right of the 

corresponding larger loop with a small tail to the left bottom corner. This indicates that a 

substantial number of the staff members in the 2005 distribution have both high remuneration and 

age values. Again, the same result holds for the bag of the bivariate distribution for male staff 

members in 2005. If vertical lines are drawn at R200 000 on the remuneration axis for the 

bivariate distributions of Figures 4.2.17 and 4.2.18 it is clear that the bag for male staff members 

moved towards higher remuneration values from 2002 to 2005. Two of the females are located in 

the age categories below 40 years, while the bulk of the data points in the bags and the loops of 

Figures 4.2.17 and 4.2.18 are located above 40 years. 

It would not be meaningful to compare the bivariate distributions for male and female staff 

members, because the number of female staff members is too few. 

Figures 4.2.19 and 4.2.20 show the bagplots of the bivariate distributions for the Faculty of Health 

Sciences for 2002 and 2005. The coordinates of the means and depth medians are tabulated for 

each of these bivariate distributions in Tables 4.2.18 and 4.2.19. 

Table 4.2.18: Means and Tukey Medians of Remuneration and Age for the Faculty of Health 

Sciences for 2002, 2003, 2004 and 2005. 

Means Tukey Medians 
Rem. Age Rem. Age 

2002 283014 47 313590 48 
2003 320448 48 345287 49 
2004 332825 47 360776 48 
2005 347254 47 356008 46 

Table 4.2.19: Means and Tukey Medians of Remuneration and Age for the Faculty of Health 

Sciences according to Gender for 2002, 2003, 2004 and 2005. 

Male Female 
Means Tukey Medians Means Tukey Medians 

Rem. Age Rem. Age Rem. Age Rem. Age 
2002 389692 51 417940 52 198705 44 182854 43 
2003 419294 52 453950 53 227197 45 203179 43 
2004 429367 50 473070 52 243569 45 214703 43 
2005 479260 51 525558 52 237938 44 215610 42 

Table 4.2.18 indicates that there is a substantial difference between the mean and Tukey median 

for the remuneration variables for 2002, 2003, 2004 and 2005. The Tukey median is larger than 

the mean over the four years. The same result holds for the bivariate distributions of male staff 

members. For the bivariate distributions of female staff members, the means are larger than the 

Tukey medians for 2002, 2003, 2004 and 2005. 
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Figure 4.2.17: Bagplots of remuneration and age for the Faculty of Engineering for 2002 and 

2005. 

Male 2002 Female 2002 

70 70 -

60 60 -

so 50 -

~ 
40 ~ 

40 -"' ro 
Q) "' c. c. 
Q) 

30 "' O> Cl 30 -
<( 

* 
<( 

20 20 -

10 10 -

0 -

I I I I I I I I I 

10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 

Remuneration(x 10000XRand} Remuneration(x 10000XRand} 

Male 2005 Female 2005 

70 70 -

60 60 -

50 50 -

~ * ~ 
"' 40 "' 40 -

"' Q) + c. c. 
"' 30 

Q) 
30 -Cl Cl 

<( <( 

20 20 -

10 10 -

0 -

I I I I I I I I I 

10 20 30 40 50 60 70 80 10 20 30 40 so 60 70 80 

Remurieration(x 10000XRand} Remuneration(x 10000XRand} 

Figure 4.2.18: Bagp/ots of remuneration and age for the Faculty of Engineering according 

to gender for 2002 and 2005 
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The difference in the slopes of the bags for male and female staff members is striking. This is also 

reflected by the correlations between remuneration and age for these bivariate distributions. The 

correlations for male staff members are 0.5 and 0.53 for 2002 and 2005 respectively which is 

reflected by the slopes of the bivariate distributions that seems to be larger than 45°. The upward 

slope for the bivariate distribution of female staff members reflects the correlations of 0.35 and 

0.26 for 2002 and 2005 respectively. This indicates that there is a greater tendency for male staff 

members located in the older age categories to earn higher salaries than there is for female staff 

members. 

The size of the bags for the bivariate distributions of the Faculty of Health Sciences for 2002 and 

2005 in Figure 4.2.19 indicate that these distributions have appreciably more variation than any of 

the bivariate distributions encountered so far. Both bags are located in the centre of the 

corresponding larger loops. Furthermore, the bag for 2005 is much larger than the bag for 2002, 

indicating a large increase in remuneration, especially for staff members located at high 

remuneration values. The same result holds for the bag of the bivariate distribution for male staff 

members in Figure 4.2.20, while the bag for female staff members increased only slightly towards 

2005. The bags for male staff members are located towards the upper right corners indicating that 

the bivariate distributions for male staff members are skewed with a long tail in the direction of 

lower remuneration and age values. This indicates that a substantial number of the male staff 

members in this faculty have both high remuneration and age values. The bivariate distributions of 

female staff members for 2002 have a few outliers located at high remuneration and age values. 

The bag is positioned to the right of the corresponding larger loop. This indicates that there is a 

few female staff members located at very low remuneration values. In 2005 the bag for female 

staff members is substantially larger with a small tail in the direction of high remuneration and age 

values, indicating that there are only a few female staff members with both high remuneration and 

age values. 

It is clear that the bags for male staff members are positioned towards higher remuneration and 

age values, while the bags for female staff members are positioned towards lower remuneration 

and age values. If lines are drawn at R200 000 on the remuneration axis for the 2002 distributions 

in Figure 4.2.20 it is clear that the entire bag for male staff members is located to the right of R200 

000, while more than half of the bag for female staff members is located to the left of R200 000. 

To compare the bivariate distributions for 2005 in Figure 4.2.20, lines can be drawn at R300 000. 

Almost the entire bag for male staff members is located to the right of R300 000, while almost the 

entire bag for female staff members is located to the left of R300 000. The large loop and outliers 

located towards high remuneration and age values for female staff members present mainly 

female staff members that are medical specialists. Note that this is the only faculty with more 

female staff members than male staff members. According to Table A.2.9 (cf. Appendix A) most of 

the C1 staff members in this faculty are located in the age categories above 40 years with very few 

staff members located in the age categories below 40 years. 
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In chapter three it was mentioned that 41 of the 53 male staff members in this faculty for 2005 are 

medical specialists and their salaries are subsidised by the government. Furthermore, it takes 

years of study and hard work to become a recognised medical specialist and therefore all of these 

staff members are located in the age categories above 40 years. It can be said, therefore, that it is 

not meaningful to compare the remuneration distributions of male and female staff members in the 

faculty of Health Sciences, because there are only 12 male staff members that do not receive 

subsidised salaries. 

The bagplots in Figures 4.2.2 through 4.2.20 clearly indicate that there is a strong relationship 

between the remuneration and age variables in the remuneration dataset. Staff members earning 

high salaries tend to be located in the older age categories. The bags of the Faculty of Law reflect 

the strongest correlation (0.81) between remuneration and age for 2005, while the Faculty of 

Education with circular bags in 2005 has the poorest correlation (0.23). The true correlations are 

indicated in brackets. Furthermore, the bags and loops of each faculty tend to increase in the 

direction of higher remuneration values, reflecting the remuneration increase from 2002 to 2005. 

The bags and loops of the Faculties of Economic and Management Sciences and Health Sciences 

increased by a substantial amount. This is mainly because a substantial number of staff members 

located in these faculties earn very high salaries and therefore an increase in remuneration in 

percentage terms leads to a large increase in Rand terms. The bulk of the data points in the bags 

of male staff members are located above 40 years on the vertical axis (Age axis), while the bulk of 

the data points in the bags of female staff members are located below 40 years. The bags and 

loops of male staff members tend to inflate by a larger amount towards higher remuneration values 

from 2002 to 2005 than the bags of female staff members. This is because the same increase in 

remuneration in percentage terms is not the same increase in Rand terms. Therefore male staff 

members earning high salaries will obtain a larger increase in Rand terms than female staff 

members earning lower salaries. The bags of male staff members tend to have a longer tail 

towards higher remuneration values, while this does not hold for female staff members. Finally, it 

can be said, that male staff members tend to earn more than female staff members, because they 

are mainly located in the age categories above 40 years and the bivariate distributions indicated 

that staff members earning high salaries are located in the older age categories. 
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Figure 4.2.19: Bagplots of remuneration and age for the Faculty of Health Sciences for 2002 and 
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Figure 4.2.20: Bagplots of remuneration and age for the Faculty of Health Sciences according 

to gender for 2002 and 2005. 
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4.3 Introduction to the Biplot 

In chapter 3 univariate analysis were used to explore the remuneration of C1 staff members by 

means of quantitative tables, boxplots and density estimation, respectively. In Section 4.2 a two

dimensional scatterplot of the remuneration and age variables was used to analyse the 

relationship between remuneration and age. A graphical summary of the shape of bivariate 

sample points was constructed in a two-dimensional space by using a bagplot. The two

dimensional scatterplot and bagplot of the remuneration dataset for 2002 are presented by Figure 

4.3.1. However, the dataset considered in this assignment is multidimensional and therefore the 

above analyses only display the marginal distributions. The world we live in is three-dimensional 

and therefore multivariate data distributions are in general difficult to visualize. Figure 4.3.2 

presents a two-dimensional density plot in a three-dimensional space for the remuneration and 

age of staff members in the Faculty of Engineering for 2005. This graph shows that a very small 

group of staff members earns between R400 000 and R500 000 in the Faculty of Engineering for 

2005, and that this group of staff members lies in the age category 40 to 60 years. Similarly, the 

relationship between remuneration and the other age categories can easily be seen from the two

dimensional density plot. However, the biplot (Gabriel, 1971; Gower and Hand, 1996) makes it 

possible to visually display a set of multidimensional data and investigate the relationships 

between the variables in the dataset. 

Biplots were introduced by Gabriel (1971) as a graphical display of the rows and columns of a data 

matrix in a single graph. The bi in biplots denotes that both rows and columns are represented 

simultaneously in two dimensions. There is no relationship between the prefix bi and the 

dimension of the display itself and higher dimensional representations are possible. This bi plot 

was subsequently developed by Gabriel and others and today the modern approach of Gower & 

Hand (1996) makes biplot methodology more accessible to a much wider audience. Gower & 

Hand view the biplot as a multivariate analogue of an ordinary scatter plot. They approximate the 

multivariate distribution of a sample in two dimensions and superimpose on this display the 

variables on which the samples are measured as biplot axes - for each variable a separate axis. 

These axes are non-perpendicular and are calibrated in the original scales of measurement. The 

angles between the biplot axes provide indications of the correlations among the variables- the 

smaller the angle the larger the correlation. However, alternative forms of biplots where the angles 

can be directly interpreted in terms of correlations do exist and are discussed further by Gower & 

Hand (1996). 
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Figure 4.3.1 : Two-dimensional scatterplot of remuneration and age variables for 2002 (Left) . 

Two- dimensional bagplot of remuneration and age variables for 2002 (right) . 

Figure 4.3.2 : Two-dimensional density plot of the remuneration and age for staff members in the 

Faculty of Engineering for 2005. 
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4.3.1 IBiplot Metlhodo!ogy 

The scatterplot is one of the most elementary and well-known graphical displays of two variables. 

The two variables concerned represent the two perpendicular axes while the points in such a 

scatterplot represent the samples. However, when more than two variables are present the 

display space is restricted to two or at most three dimensions. Biplots provide a strategy to 

overcome this difficulty: the multivariate samples with corresponding variables that define the 

multivariate space are approximated in a two-dimensional space. The approximation in two 

dimensions makes it possible to interpret biplots very much like ordinary scatterplots. The main 

differences are that the axes for the variables are not necessarily orthogonal, and that the recovery 

of the data by the projection of points onto the axes is not exact but approximate. 

The relationships between the multivariate samples of a dataset X: nx p, each consisting of 

measurements on p variables can be approximated by various methods of multidimensional 

scaling. Multidimensional scaling (MOS) provides a visual representation of the pattern of 

proximities (i.e., similarities or distances) ( dij) among a set of objects. For example, given a 

matrix of C1 staff members with their qualifications MOS plots the staff members on a map such 

that those staff members that have similar qualifications are placed near each other on the map, 

and those staff members with different qualifications are placed far away from each other on the 

map. From a more technical point of view, MOS finds a set of n points in a low dimensional space 

with r dimensions, with coordinates given as the rows of a matrix Z: nxr, which generates an 

nx n matrix of interpoint distances {8iJ that approximate the distances ~iJ in the original p -

dimensional space. The degree of correspondence between {8ij} and {dij} is measured by a 

stress function. The general form of these functions is as follows: SM= S(-r(dij),8ij) where the 

suffix M refers to the particular method of MOS chosen. In MOS, different methods may be used 

for calculating the distances- Pythagorean distance for principal components analysis (PCA), chi

square distance for multiple correspondence analysis (MCA), Mahalanobis distance for canonical 

variate analysis (CVA) and any Euclidean embeddable distance for principal coordinates analysis 

(PCO). The "different methods of MOS use different kinds of approximations. The difference 

between {8iJ and {ctiJ can be minimized by optimizing the stress function. The function •(.) 

represents a transformation of the given distances that is mainly used in non-metric MOS methods, 

but this assignment is concerned with metric scaling and with r the identity transformation. 

The concept of inter-sample (inter-point) distances ( d;j) that are approximated in a two

dimensional display space and that is central to all methods of multidimensional scaling unifies the 

methodology of MOS methods and biplots. PCA biplots use Pythagorean distance as a distance 

metric. The more familiar term for Pythagorean distance is Euclidean distance, but Gower and 

Hand ( 1996) prefer to use the term Pythagorean distance since the metric is based upon the well

known Pythagoras theorem. However, these authors reserve the term Euclidean distance for all 

Stellenbosch University  https://scholar.sun.ac.za



149 

distance metrics that are Euclidean embeddable. The distance matrix D: (nxn) = {-.!_d~} is 
2 IJ 

Euclidean embeddable if and only if the matrix (1- ls')D(I - st') is positive semi-definite, where s 

is any vector such that s'l = 1 and I : (n x n) is the identity matrix. 

In this assignment two types of biplots will be considered: principal component analysis (PCA) 

biplots and canonical variate analysis (CVA) biplots. PCA biplots can represent any two of the 

following three features of a data matrix: the elements of a data matrix (i.e. inner product 

relationship between the rows and columns of the matrix); the (Euclidean) distances among the 

multi-dimensional observations as well as the variance-covariance structure. The PCA biplots in 

this assignment are optimal displays of the first two features, but the optimal display of the 

multidimensional observations together with the correlations among the variables can be achieved 

by an alternative biplot. PCA biplots optimally display the multidimensional variation in the data, 

while a canonical variate analysis (CVA) biplot can be constructed to optimally separate different 

groups or classes of observations. The terms interpolation and prediction (cf. Gower & Hand, 

1996) are necessary for describing the relationships between the original p -dimensional 

observational space and the two-dimensional biplot display space. Given the values of the p 

variables for a sample, interpolation describes the process of finding the position of the 

sample/observation in the biplot space. Conversely, given the position of a sample/observation in 

the bi plot space, prediction is the process of inferring, for any given point in the bi plot, its values for 

all the original variables in terms of the biplot axes. In both cases the given samples/observations 

are related to one of two sets of axes: the interpolation and the prediction axes. In an ordinary 

scatter plot the same set of (perpendicular) axes is used for prediction and interpolation, but this is 

not so with a biplot where p > 2 variables are represented. 

4.3.2 PCA Biplot 

Given n observed samples with measurements on p variables, how can the distances between 

the n samples be displayed accurately in a low r -dimensional space? Note that similar samples 

need to be represented by nearby points. As explained in section 4.3.1 this can be achieved by 

Multidimensional scaling (MOS) methods. Principal components analysis (PCA) is the most 

common MOS method and is originally described by Pearson (1901) and Hotelling (1933). 

This assignment will seek to display the points in a two-dimensional representation, but higher 

dimensional representations in dimensions are possible. The standard geometric 

representation of the n points in the p -dimensional space 9"l P is defined by p Cartesian axes 

representing the measurements. Thus, the rows of the data matrix X : n x p give the coordinates 

of the n samples in 9"l P. For principal component analysis (PCA) the Pythagorean distance metric 

is used, because the distance d;i between a pair of points is given by Pythagoras' theorem. The 

method of principal components then chooses as the r -dimensional display space that subspace 
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SI' of 91P in which the sum of squared residual distances is minimized. Thus, that particular r -

dimensional subspace is chosen which has the smallest sum of squared residuals between the 

original points and their orthogonal projections on the subspace SI'. This means that X can be 

optimally replaced by a matrix Z: n x r that contains the coordinates of the original n observations 

in the subspace Sf'. 

The sum of squares of the residuals from Y' is minimized when Y' passes through the centroid 

of the data. Therefore the centred data matrix X is used to obtain the best fitting subspace. The 

centroid of the data matrix X is taken to be the origin, so that I' X = 0 . Because, !/ minimizes 

the sum of squared residuals it follows from the following result in Gower & Hand (1996) 

j;j j; j j;) 

that the difference between the sum of the distances between the observed points and the sum of 

the distances between the fitted points (constrained to be derived from orthogonal projections) is 

minimized as well. In the above equation, d~ is the distance between sample units i and j in the 

original space, o~ is the distance between sample units i and j in the display space, and tf is 

the distance between the i-th sample unit in the original space and its projection in the display 

space. After finding the best fitting subspace Ya biplot can be produced by projecting the sample 

points in the original space on Y' and display the p Cartesian variables describing the samples as 

biplot axes. However, finding the two types of biplot axes - interpolative and predictive - are 

slightly more difficult than finding the points to represent the samples. In the sections that follow it 

will be described how to find the different types of biplot axes. 

4.3.2.1 Deriving the Display Space .!? 

The technique to factorize a matrix into several component matrices is known as Singular Value 

Decomposition (SVD). A special case of SVD is the spectral decomposition of a matrix. Gower 

and Hand (1996) describes the spectral decomposition of a matrix as follows: 
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Spectral decomposition 

Any symmetric matrix A : (n x n) with eigenvalues P1.i} and associated eigenvectors {v;} such that 

vT vi = 1 (i =I, ... , n) may be written as A = VJ\ V'. V is orthogonal and A diagonal with its 

diagonal elements the eigenvalues of A, written in non-increasing order. The orthogonal 

eigenvectors { v;} forms the columns of V. The i-th eigenvalue-eigenvector pair of A satisfy 

AV;= A.ivi, i =I, ... , n. 

All solutions to these equations can be represented simultaneously as A V=V J\ . 

The best fitting r -dimensional subspace, Y is spanned by the first r principal eigenvectors of 

X' X . Gower and Hand ( 1996) shows that these eigenvectors can be obtained from the spectral 

decomposition of the centred data matrix X : (n x p). The spectral decomposition can be written as 

X' X =VJ\ V', where V'V =I. Therefore the first r columns of the matrix V span the subspace 

Yand can be represented as V,: (n x r). These r eigenvectors define a natural set of orthogonal 

coordinate axes for the r -dimensional subspace. Note that if r =2 the best fitting two-dimensional 

subspace is obtained. However, these axes are not shown on the biplot and form only the 

framework or scaffolding for the graph consisting out of the biplot axes that represent the original 

variables. The relationships between the scaffolding and the original variables can be described 

by the terms interpolation and prediction. 

4.3.2.2 Interpolation 

A new sample x, can be interpolated into a r-dimensional subspace SI' by projecting it onto the 

subspace Sf', and give its coordinates in terms of a basis of this subspace. The projection of x 

E 9'l P onto the subspace .~spanned by the orthogonal columns of V, is given by z' = x' v,. 

4.3.2.3 Prediction 

The point representation z in the subspace Y also has a coordinate representation x * = 

(x 1,. . ., xP) relative to the axes of9'lP, because Yis a subspace of 9'lP. Therefore although x * E 

Y its coordinates refer to the actual values of the p Cartesian variables that needs to be 

predicted. Any x : (p x 1) in 9'l P can be projected orthogonally onto the subspace 9" by using the 

projection matrix V, (V,' V, )-1 V,'. Since x * already lies in .5f its orthogonal projection onto itself 

is given by x*' = x *' V,(V,' V, r 1 V,' . Note that this projection is relative to the coordinates of 

9'lP. The projection equation can be simplified by using the interpolation of x * relative to the 

subspace Y From the above it is known that z' = x*' V, is the description of x * in terms of the 
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subspace coordinates. Hence, x*' = z' (Vr' Vrf1Vr', but since the columns of v, are taken to be 

orthonormal it follows that V'V =I. Thus, the interpolated point is predicted in 9'lP by x*'= z'V,' 

and the coordinates of the interpolant z': 1 x r of x *: px 1 in terms of the p dimensional space 9'lP 

are x*'V,V,'. 

4.3.2.4 Biplot axes 

The p Cartesian variables can be interpolated into Y. as biplot axes. Let ek be the unit vector 

p 

along the k-th coordinate axis in. Any point x :p x I E 9'l P may be written as x = L xkek which will 
k=I 

be interpolated to z' = x' v, = f x k e k 'v r ' where e k ' v r is the interpolant of the unit point on the k
k=I 

th biplot axis in 2'. The projections ek' v, (k=l, .. .,p) of the original axes onto SI' define biplot 

axes in SI' The biplot axes are calibrated in the original scales of measurement by the points 

µek' v,, where µ =0,±1,±2, ... These points form the markers or graduations on the interpolation 

axes. 

From Figure 4.3.3 it is clear that the hyperplane .J' is perpendicular to the k-th Cartesian axis ~k 

in 9'lP going through the unit marker µ on that axis. This hyperplane will intersect the display 

subspace Y in a {r - !)-dimensional subspace Y n . t ·. If r =2 the subspace 51' n ... / · is 

represented by a line. All points on this line should therefore predict the unit value µ for the k-th 

variable in 9'l P. The line (through the origin) which is orthogonal to the subspace Y. n .,.11" is 

unique and can be defined as the prediction axis ~k . The point at which the line intersects the 

subspace Y. n .J" maybe marked with the unit marker µ. A conventional scale for the prediction 

axis can be produced by finding the other (r - !)-dimensional subspaces parallel to .5f' n .,r that 

intersect the prediction axis ~k at equal intervals and place markers at the points of intersection. 

A point z: rxl in S!' can now be predicted in 9'lP by identifying that subspace (line) parallel to 

2' n jr which goes through z . The predicted value corresponding to z will be the marker 

attached to the point where .J" orthogonally intersects the k-th prediction axis ~k . The prediction 

axis Pk in Figures 4.3.3 and 4.3.4 is the projection of ~k in 9'lP onto Y and so coincides in 

direction with the interpolation biplot axis pk. However, the positions of the prediction markers on 

Pk differ from the interpolation markers because .,I'· is orthogonal to ~k , while the orthogonal 

projection of the markers on ~k onto Y gives the interpolation markers. The relationship between 

the interpolation and prediction markers is illustrated by Figure 4.3.4. For interpolation the marker 

µon ~k projects to µek' v, which is marked by I on pk and for prediction the back-projection ofµ 

in SI' is crek' v, which is marked by Pon pk. Therefore markers for the interpolation biplot axes 
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are simply obtained by projection onto .!/' , but for the prediction biplot axes back-projection to p 

have to be considered. It follows that the markers for the prediction biplot axes will differ from that 

of the interpolation biplot axes and Figure 4.3.4 will be used to find an expression for the prediction 

marker. In Figure 4.3.4: 

OR2 = OP2 -PR2 

= (OJ+ IP)2 
- (IR2 + IP2

) 

= 01 2 + 2(0I x IP)+ IP2 
- IR2 

- IP2 

= OI 2 +2x0IxIP-(OR2 -OI2
) 

20R2 20I2 +2x01xIP 

OR2 = OI 2 +0JxIP 

OI(OJ +IP) 

OlxOP 

Now it follows that the point µ on i;k can be represented by the vector µek with length OR. The 

interpolation marker at I is given by the vector ( µek' V, ) ' with length OJ while the prediction 

marker is given by the vector crek' v, with length OP. An expression for the prediction marker 

can now be derived as follows. 

OP = 

(J 

µ2 

OJ 

µ 

The prediction markers are given by , µ , V,' ek for different values of µ. 
ek V,V, ek 
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FIGURE 4.3.3 : All the points in the plane f have coordinate xk on the axis Sk . The 

intersection St' n f contains all points in Sf' that predict the value xk . The 

projection of P onto the biplot axis ~k gives the correct prediction, provided a 

suitable scale is marked on ~k. (after Gower and Hand, 1996) 

FIGURE 4.3.4 : Construction of the interpolation and prediction axes with their markers. (after 

Gower and Hand, 1996) 

Stellenbosch University  https://scholar.sun.ac.za



155 

4.3.2.5 Quality of the Biplot and Adequacy of the Biplot axes 

Biplots are only an approximation of a multivariate distribution in a r -dimensional subspace Sf' . 

Therefore it is important to provide a measure of the proportion of variation explained by the r -

dimensional approximation space Sf' that will help to determine how well the display represents 

the true relationships in the data. Gower and Hand (1996) use the eigenvalues and associated 

eigenvectors of the matrix X' X to derive a measure and refer to it as the quality of the display. 

The sum of squared residuals between the observed and fitted data points are given by 

p 

iiX(I - V, V,' )ii = tr {X(I - V, V,' )X'} = tr (A - A,)= :2)-i . From this equation it is clear that the sum 
j=r+I 

of the squared residuals is equal to the sum of the eigenvalues corresponding to the eigenvectors 

which do not span the best fitting subspace. The total variation within the data (sum of the 

variances of all the p variables) can be measured by the sum of all the eigenvalues, i.e. 

p 

tr(X' X) =LA.; . This being the case, the quality of the display in the r -dimensional subspace st' 
i=I 

can be measured by the ratio of the sum of the first r eigenvalues to the total sum, i.e. 

r 

I"-j 
l:.!___ = tr{A,} 
~ tr{A} 
Li A.j 

Gardner (2001) provides an alternative way to express the overall quality of the 

biplot by using the eigenvalues and associated eigenvectors of the matrix X' X . Let U =XV for 

the transformation in the full p -dimensional space and z = xv r for the transformation in the two-

dimensional approximation space Y The sum of the first r eigenvalues and the total sum of all 

the eigenvalues can be derived from the sample covariance matrices of U and z. Since the PCA 

transformation is defined by an orthogonal matrix v the respective sample covariance matrices 

can be written as cov( u )= U'U =V'X'XV =V'VAV'V =A and cov( Z) 

=Z'Z=Vr'X'XV,=Vr'VAV'V,=A,. Therefore the quality measure can also be expressed as 

tr{cov(Z}} 
tr{cov(U}} 

So far measures have been derived that gives the quality of a representation provided by the 

projected sample points onto the subspace Y, but the quality of the display of each of the original 

p variables also needs to be considered. Poorly represented variables will contribute little to the 

approximation in the subspace Y , because they do not contribute much to inter-sample distances 

in the original space 91P. The quality of the display of the original variables is visually given by the 

relative lengths of the range between the minimum and maximum markers for observed values on 

each axis. A variable that is relatively short will contribute little to the approximation in the 

subspace !/. The numerical measure for the quality of variables is called the adequacy of a 
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variable and is given by the sums-of-squares of the rows of v, . In a r -dimensional subspace Sf', 

the adequacy of the representation for each variable is given by the elements of the px p 

diagonal matrix diag( V, V,' ). If r = p it follows that VP VP'= IP and an exact representation will be 

obtained, because V is an orthogonal matrix in 91 P. For approximate representations the 

diagonal elements will vary between O and 1. 

4.3.2.6 Correlation 

In the PCA biplot of Gower & Hand the distances among the sample points are optimally 

approximated and the original variables are related to them. The approximation of the variances, 

covariances and correlations are of less importance. However, PCA can be considered an 

analysis of correlations if the columns of X are normalized so that X' X = R is a correlation matrix. 

Unfortunately the SVD of the correlation matrix approximates the unit diagonal values of R as well 

as the correlations. Therefore the correlations are not approximated directly and the representation 

of correlations in PCA is not satisfactory. This is confirmed by the fundamental assumption of 

Pythagorean distances that assumes independent contribution by the variables. Nevertheless, 

correlations do have an effect on PCA displays, because complete correlation between two 

variables induces a loss in rank, and so automatic dimension reduction that leads to the 

coincidence of corresponding projected biplot axes. High correlations will induce similar effects so 

that a small angle between two biplot axes suggests a high correlation between corresponding 

variables (Gower & Hand, 1996). 
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4.3.3 l?CA IBiplots Constiructed for TeaclhiD11gfreseairclh Staff members iD11 tlhe 

1Rem1LJ1neration dataset 

PCA biplots will be used to study the multivariate variation of the remuneration of male and female 

C1 staff members for 2005. In the univariate analysis of chapter 3 differences between the 

remuneration of male and female staff members were observed and in the bivariate analysis it was 

discovered that age is mainly responsible for these differences. However, the remuneration 

dataset for C1 staff members also includes the following variables: rank, academic qualification, 

professional qualification and research output. The multivariate PCA biplots will be used to 

determine whether these variables are also responsible for the differences in the remuneration of 

male and female C1 staff members. Note that male staff members will be indicated by red circles 

and female staff members by blue circles. The PCA biplots for 2002, 2003 and 2004 were not 

constructed, because the aim of this assignment is to compare the distributions of the nine 

faculties, and of male and female C1 staff members in the remuneration dataset, and whether 

these distributions changed from 2002 to 2005. In section 4.3.8 CVA biplots will be used to 

express the multidimensional change from 2002 to 2005. 

For this assignment the PCA biplots will be constructed by the R function PCAbipl, provided by 

users of R in the Department of Statistics and Actuarial Science, Stellenbosch University. The 

first argument of this function is a matrix with the observations on the p variables as its rows. The 

second argument of the function is a matrix that indicates to which gender (group) each of the 

corresponding records of the matrix (first argument) belongs. 

Figure 4.3.5 presents the PCA biplot of the 2005 remuneration dataset without the professional 

qualification variable. Since the variables are measured in different units, the data are scaled to 

have a mean vector of 0 and unit standard deviation for each variable. The quality of the display 

for Figure 4.3.5 is 71 %. This means that 71 % of the variation in the data is explained by the two

dimensional subspace of the display. Therefore this is a good representation of the five

dimensional data in two dimensions. The adequacy of each variable is summarised in Table 4.3.1. 

Note that the variables research output and academic qualification have the highest adequacies 

and therefore make larger contributions to the inter-samples distances. Although these values are 

not close to 1, this is a satisfactory representation of the five dimensional data in two dimensions. 

Table 4.3.1: The adequacy of the variables in the remuneration dataset for 2005 (excluding 

Professional Qualification). 

Variable Remuneration Research Rank Age AQualification 

Adequacy 0.34 0.50 0.35 0.45 0.39 

The PCA biplot in Figure 4.3.5 indicates the multidimensional variation of the remuneration for 

male and female C1 staff members. The multidimensional value of a point can be predicted by 

orthogonally projecting the point onto the biplot axes. In PCA, the origin (the point where the axes 

coincide) represents the mean values as well as the centroid of the points representing the n 
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samples. Although the two groups of staff members overlap in this representation it appears that 

the variables remuneration, rank, age and academic qualification are able to discriminate between 

male and female staff members. Compared to the data points that present female staff members, 

the data points presenting male staff members show more variation with respect to each of the 

variables in the remuneration dataset. Male staff members tend to be located at higher 

remuneration values to the left side of the mean remuneration value, while female staff members 

tend to lie to the right side of the mean in Figure 4.3.5. The same result holds for the variables 

age and rank. From the axes that present the academic qualification and research output 

variables it is clear that C1 staff members that produce high research outputs tend to have high 

academic qualifications. The highest research outputs are produced by men and they also tend to 

have the highest academic qualifications. Only a few female staff members are located around 

high research output values and academic qualifications. These results are also confirmed by 

Tables A.5.1 and A.6 (cf. Appendix A). If all the variables in the biplot are examined 

simultaneously it is clear that a substantial number of the staff members earning more than the 

average remuneration of R300 535 have at least a master's degree, are older than 45 years, are a 

senior lecturer and have produced more than the average research output from 2002 to 2005. 

Furthermore, the bulk of the data points in the biplot satisfying these conditions are male staff 

members. However, groups can be separated optimally by constructing CVA biplots. These 

biplots will be implemented and discussed in the next sections to investigate the separation and 

overlap between the groups. 
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Figure 4.3.5: PCA biplot of the remuneration dataset for male and female C1 staff members for 

2005 (excluding the Professional Qualification variable}. 
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It was mentioned in section 4.3.2.6 that a PCA biplot optimally approximates the distances among 

sample points and not covariances. However, the angles between biplot axes give an indication of 

the relationships between the variables. A small angle between two biplot axes suggests a high 

correlation. However, inference regarding correlations should be made with caution, because the 

five axes are not equally well represented in the two-dimensional display. 

Figure 4.3.5 provides information on the relationship between the five different variables. The 

angles between the biplot axes indicate that there is a strong relationship between remuneration 

and rank, but a much weaker relationship between remuneration and academic qualification. 

These relationships are reflected by the correlations represented in Table A.7.1 (cf. Appendix A). 

Note that the variables in the remuneration dataset are regarded as quantitative variables and 

therefore Pearson's correlation coefficient is used to calculate the correlations among the 

variables. The correlation between remuneration and rank is 0. 78, while the correlation between 

remuneration and academic qualification is 0.26. The high correlation between remuneration and 

rank confirms the fact that the notch at which a C1 staff member is remunerated is mainly 

determined by the rank of such a staff member. The inter-correlations between rank, age and 

remuneration are also reasonable high and differ between 0.44 and 0.78. Therefore, staff 

members earning high salaries tend to be older in age and tend to have higher ranks. Academic 

qualification and research output are poorly correlated with age and remuneration. This is mainly 

because there are a substantial number of younger staff members with high academic 

qualifications and that produce high research outputs. Note that although academic qualification 

and research output are the only two variables that nearly coincide, the true correlation between 

these variables is 0.28 which is not the highest. This is mainly because not all the variables are 

well represented. 

Figure 4.3.6 presents the PCA biplot of the remuneration dataset with the professional qualification 

variable included. The two-dimensional display accounts for 65% of the variation in the data, 

which is less than the quality of Figure 4.3.5. Table 4.3.2 summarises the adequacy of the 

variables concerned. All the variables are well represented with the professional qualification 

variable having the best representation and age having the poorest representation. 

Table 4.3.2: The adequacy of the variables in the remuneration dataset for 2005 (including 

Professional Qualification). 

Variable Remuneration Research Rank Age PQual 

Adequacy 0.38 0.21 0.33 0.15 0.60 

AQual 
0.34 

The professional qualification variable clearly separates the C1 staff members with professional 

qualifications from the C1 staff members without professional qualifications. The negative 

correlations between professional qualification and research output and between professional 

qualification and academic qualification in Table A. 7 .1 (cf. Appendix A) are clearly reflected by the 

PCA biplot in Figure 4.3.6. The biplot shows that staff members with professional qualifications 

tend to have lower academic qualifications than staff members without professional qualifications. 
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Staff members with professional qualifications are mainly located to the right of the average 

research output of 0.53 for 2002 to 2005, while staff members with high academic qualifications 

are mainly located at high research output values above the average research output value. 

Therefore staff members with academic qualifications tend to produce more research outputs than 

staff members with professional qualifications. 

From Figure 4.3.6 it is clear that the professional qualification variable has the highest correlation 

with the remuneration variable. This is also reflected by Table A.7.1. It can be seen that more 

than half of the staff members earning more than R400 000 have professional qualifications and 

are mainly located in the age categories older than 45 years. Almost all the female staff members 

earning more than R400 000 have professional qualifications. It is also clear that staff members 

that are younger than 45 years and earn more than the average remuneration of R300 535, have 

professional qualifications. These results confirm the fact that the University differentiate with the 

aim to provide competitive remuneration for staff members with professional qualifications. 

PQualification 
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Figure 4.3.6 : PCA biplot of the remuneration dataset for male and female C1 staff members for 

2005 (including the Professional Qualification variable). 

The PCA biplot of the faculties in the remuneration dataset for 2005 is displayed in Figure 4.3.7. 

Note that the quality of the display and adequacy of the variables are the same as for Figure 4.3.5. 

Most of the data points are clustered in an elliptical shape around the remuneration and rank axis. 

However, it is clear from the biplot that very high remuneration and age values correspond mainly 

to staff members in the Faculty of Health Sciences as well as very low academic qualification and 

research output values. Note that the latter consist mainly of research assistants with 
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undergraduate diplomas and staff members with undergraduate Professional First Bachelor's 

degrees in Physiotherapy, Occupational Therapy, Dietetics, Speech- Language and MBChB 

degrees in the Faculty of Health Sciences. There are also a few staff members from the Faculty of 

Arts that correspond to very low academic qualification and research output values as well as one 

or two from the Faculty of Economic and Management Sciences. These staff members tend to lie 

below the average remuneration of the University and have low ranks . However, the biplot 

suggests that there are a few staff members in the Faculty of Health Sciences with undergraduate 

MBChB degrees that earn high salaries and have high academic ranks. This is because they 

have obtained professional qualifications that are recognized by the HPCSA and that are on the 

same level as a master's degree. Tables A.5.1 to A.5.10 (cf. Appendix A) also indicate clearly that 

most of the C1 staff members with undergraduate First Bachelor's degrees are located in the 

Faculties of Arts and Health Sciences with one or two in the Faculties of Engineering and 

Economic and Management Sciences. It is noteworthy that only one of these staff members has 

produced an average research output from 2002 to 2005. Note that the staff members with 

Professional First Bachelor's degrees in the Faculty of Arts and Economic and Management 

Sciences tend to be located around higher remuneration values than the staff members in the 

Faculty of Health Sciences with undergraduate degrees, excluding the MBChB degree. 

Finally the biplot in Figure 4.3.7 indicates clearly that there are a few staff members with very high 

academic qualifications and research output values. These staff members are located in the 

Faculties of Education , AgriSciences, Science, Law, Theology and Engineering and they have 

each produced an average research output value of more than two units . 

Remuneration • Arts 
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Figure 4.3.7 : PCA biplot of the faculties in the remuneration dataset for 2005 (excluding the 

Professional Qualification variable). 
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Figure 4.3.8 reflects the faculties with staff members that have professional qualifications. The 

quality of the two-dimensional presentation and the adequacy of the variables are the same as for 

Figure 4.3.6. Staff members with professional qualifications are located in the Faculties of Health 

Sciences, Economic and Management Sciences, Engineering and Arts . The biplot clearly 

indicates that staff members located around very high remuneration values in these faculties tend 

to have high professional qualifications and it is a well known fact that these professional 

qualifications are in demand in the broader labour market. However, it is again, clear that staff 

members with high professional qualifications tend to have lower academic qualifications and tend 

to produce less research output than their colleagues with high academic qualifications. 
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Figure 4.3.8: PCA bip/ot of the faculties in the remuneration dataset for 2005 (including the 

Professional Qualification variable). 

Figures 4.3.9 and 4.3.10 present the PCA biplots of male staff members in the nine different 

faculties for 2005. The PCA biplot aims to present as much variation as possible in the two

dimensional display. The quality of the display in Figure 4.3.9 is 69% and the adequacies in Table 

4.3.3 indicate that the variables are all well represented. 

Table 4.3.3: The adequacy of the variables in the remuneration dataset for male staff members 

for 2005 (excluding Professional Qualification). 

Variable Remuneration Research Rank A e AQual 
Adequac 0.41 0.45 0.36 0.29 0.50 

The biplot axes of remuneration and age coincide and therefore indicate almost perfect positive 

correlation between these variables . These variables are also positively correlated with rank, but 
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they show low correlation with academic qualification and research output. This is mainly because 

there are a substantial number of young male staff members with high academic qualifications and 

that produce high research outputs . Note that the correlation between remuneration and rank is 

the highest and therefore the notch at which a male C1 staff member is remunerated is mainly 

determined by the rank of such a staff member. These correlations also indicate that male staff 

members earning high salaries tend to have higher ranks and tend to be older in age. 

The data points are clustered in an elliptical shape around the rank, age and remuneration axes. 

This result agrees with the positive correlations between these variables . Note that male staff 

members tend to be located in the age categories above 40 years. The biplot suggests that there 

are a few male staff members with lower academic qualification and research output values than 

their colleagues . These staff members are mainly located in the Faculties of Arts, Health Sciences 

and Economic and Management Sciences and have undergraduate diplomas or Professional First 

Bachelor's degrees. Staff members in the Faculty of Health Sciences included in this group tend 

to be located at higher remuneration values than the staff members in the Faculties of Arts and 

Economic and Management Sciences, because they have a MBChB degree with a high 

professional qualification . There are a few male staff members in Figure 4.3 .9 located at very high 

academic qualification and research output values , representing each of the nine faculties . This 

indicates that each faculty has one or two staff members with both high academic and average 

research output values . Note that male staff members in the Faculty of Health Sciences tend to 

earn more than their colleagues in the other faculties . This result is also reflected in the univariate 

distributions of Figure 3.4.27 . 
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Figure 4.3.9 : PCA biplot of male staff members in the remuneration dataset according to faculty 

for 2005 (excluding the Professional Qualification variable}. 
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Figure 4.3.10, again, separates staff members with professional qualifications from staff members 

with academic qualifications. The quality of the display in two dimensions is 65 % and according 

to Table 4.3.4, age is the only variable that is poorly represented, but adequately nonetheless. 

Table 4.3.4: The adequacy of the variables in the remuneration dataset for male staff members 

for 2005 (including Professional Qualification). 

Variable Remuneration Research Rank Age AQual PQual 
Adequacy 0.38 0.24 0.34 0.18 0.45 0.41 

It is, again, clear that staff members with professional qualifications are located in the Faculties of 

Economic and Management Sciences, Engineering, Arts, Law and Health Sciences. Male staff 

members with professional qualifications in the Faculties of Health Sciences and Economic and 

Management Sciences tend to earn more than their colleagues with professional qualifications in 

the other faculties. Staff members with high professional qualifications tend to have lower 

academic qualifications and produce lesser research outputs than their colleagues without 

professional qualifications. It is also clear from the biplot that male staff members earning more 

than R400 000 tend to have professional qualifications. 
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Figure 4.3.10: PCA biplot of male staff members in the remuneration dataset according to faculty 

for 2005 (including the Professional Qualification variable). 

Female staff members in the nine different faculties are presented by the PCA biplots in Figures 

4.3.11 and 4.3.12. The two-dimensional display accounts for 70% of the variation in the data. The 

variables are all well represented and their adequacies are summarised by Table 4.3.5. 
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Table 4.3.5: The adequacy of the variables in the remuneration dataset for female staff members 

for 2005 (excluding Professional Qualification). 

Variable Remuneration Research Rank Age AQual 
Adequacy 0.27 0.19 0.34 0.77 0.43 

The strong correlation between remuneration and rank in Table A.7.4 (cf. Appendix A) is reflected 

by the axes in the biplot that nearly coincide. These variables are also reasonable correlated with 

research output and academic qualification, while the large angle between these variables and 

age indicates that they are poorly correlated with age. According to Table A.7.4 (cf. Appendix A) 

the correlation between remuneration and age for female staff members is 0.27 which is much 

lower than the correlation between these variables for male staff members. The correlation 

between remuneration and age for male staff members is 0.43. Furthermore, Figure 4.3.11 clearly 

shows that female staff members tend to be located in the age categories below 50 years. It can 

be said, therefore, that female staff members with higher ranks tend to have high academic 

qualifications, tend to produce more research outputs and tend to earn higher salaries. 

Female staff members are clustered in an elliptical shape around the remuneration and rank 

variables. Figure 4.3.11 indicates that staff members in Figure 4.3.7 located at low academic and 

research output values consist mainly out of female staff members in the Faculty of Health 

Sciences with a few staff members from the Faculty of Arts. Female staff members earning more 

than R300 000 tend to be located in the Faculties of Health Sciences, Economic and Management 

Sciences, Law and Education with one or two female staff members from the Faculties of Science 

and AgriSciences. It seems that the highest research outputs are produced by female staff 

members in the Faculties of Law and Arts with one or two female staff members in the Faculty of 

Health Sciences. This result is also reflected by the high average research output for female staff 

members in these faculties in Table A.6 (cf. Appendix A). Note that the maximum marker on the 

research output axis is approximately 1.5, while the maximum marker on the research output axis 

in Figure 4.3.9 for male staff members is slightly higher than 4. This suggests that there is a large 

difference between the maximum research output values produced by male staff members and the 

maximum research output values produced by female staff members. The maximum value on the 

remuneration axis for male staff members in Figure 4.3.9 is also substantially higher than the 

maximum value on the remuneration axis for female staff members in Figure 4.3.11. 

Female staff members with professional qualifications are separated from their female colleagues 

without these qualifications by the professional qualification variable in Figure 4.3.12. The quality 

of the display is 63%. According to the adequacies in Table 4.3.6 the variables remuneration, 

rank, professional qualification and academic qualification are well represented. The research and 

age variables are poorly represented, but adequately nonetheless. 
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Figure 4.3.11 : PCA biplot of female staff members in the remuneration dataset according to 

faculty for 2005 (excluding the Professional Qualification variable}. 
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Table 4.3.6: The adequacy of the variables in the remuneration dataset for female staff members 

for 2005 (including Professional Qualification). 

Variable Remuneration Research Rank Age AQual PQual 

Adequac 0.39 0.16 0.34 0.14 0.23 0.73 

Female staff members with professional qualifications in the Faculties of Health Sciences, Law and 

Economic and Management Sciences tend to earn more than their colleagues without professional 

qualifications. Again, it is clear that female staff members earning more than R400 000 tend to 

have professional qualifications. 
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Figure 4.3.12: PCA biplot of female staff members according to faculty in the remuneration 

dataset for 2005 (including the Professional Qualification variable). 
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Figure 4.3.13 presents the PCA biplot of male and female staff members in the remuneration 

dataset for the Faculty of Arts for 2005. The quality of the two-dimensional display is 76% and 

therefore this is a very good representation of the five dimensional dataset. Table 4.3.7 indicates 

that all the variables are well represented. 

Table 4.3. 7: The adequacy of the variables in the remuneration dataset for C1 staff members in 

the Faculty of Arts for 2005 (excluding Professional Qualification). 

Variable Remuneration Research Rank Age AQual 
Ade uacy 0.32 0.38 0.31 0.57 0.42 

Separation among male and female staff members with respect to the remuneration, research, 

rank, age and academic qualification variables are clearly visible. The largest number of male staff 

members lies to the left of the mean values of each of the variables (the point where the axes 

coincide). However, it should be kept in mind that the PCA biplot is constructed to illustrate the 

(approximated) multidimensional variation within the two groups of staff members (male and 

female). 

A high correlation between remuneration and rank is expected, since their axes nearly coincide. 

Studying the results of Table A.7.5 (cf. Appendix A), it is seen that the correlation between 

remuneration and rank is 0.88, while the correlation between remuneration and the variables 

academic qualification, research and age differ between 0.27 and 0.40. The biplot suggests that 
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age is uncorrelated with research output and academic qualification, while the inter-correlations 

among academic qualification, research and rank vary between 0.39 and 0.52. 
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Figure 4.3.13: PCA biplot of C1 staff members in the Faculty of Arts for 2005 (excluding the 

Professional Qualification variable). 

The bivariate distributions for 2005 in Figure 4.2.5 indicated that older staff members tend to earn 

higher salaries than younger staff members. This result is also reflected by the PCA biplot in 

Figure 4.3.13 and these staff members also have higher ranks. However, there are a lot of 

younger staff members in the Faculty of Arts with the same academic qualifications as their older 

colleagues and they also lie above the average research output. Therefore the difference between 

the remuneration of male and female staff members in the Faculty of Arts is mainly caused by the 

fact that there are more male staff members in the age categories above 50 years. In the age 

categories below 50 years the difference in the remuneration distributions is mainly caused by men 

that tend to have higher academic qualifications and produce more research outputs. 

Figure 4.3.14 presents the PCA biplot for staff members in the Faculty of Arts with the professional 

qualification variable included. The quality is only 65% and therefore the representation in the two

dimensional space is not as good as in Figure 4.3.13. It is also clear from Table 4.3.8 that the age 

and research variables are poorly represented. However, Figure 4.3.14 suggests that the 

variables remuneration, rank, research and age are uncorrelated with the professional qualification 

variable. This result is also reflected by the correlations in Table A.7.5 (cf. Appendix A). It can be 
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said, therefore, that professional qualifications do not have a large effect on the remuneration of 

C1 staff members in the Faculty of Arts. Note that staff members with professional qualifications 

tend to have high academic qualifications. 

Table 4.3.8: The adequacy of the variables in the remuneration dataset for C1 staff members in 

the Faculty of Arts for 2005 (including Professional Qualification). 

Variable Remuneration Research Rank Age PQual 

Ade uacy 0.29 0.16 0.31 0.14 0.83 

A Qualification PQualification 

+ Male 0 Female 

Figure 4.3.14: PCA biplot of C1 staff members in the Faculty of Arts for 2005 (including the 

Professional Qualification variable}. 

AQual 

0.26 

The PCA biplot for C1 staff members in the Faculty of Science for 2005 is displayed in Figure 

4.3.15. The percentage of variation in the data accounted for by the two-dimensional display is 

76%, which is very good. The adequacies of the variables are summarised in Table 4.3.9. Note 

that there are no staff members with professional qualifications in the Faculty of Science for 2005. 

The research variable is very well represented, while age, remuneration and rank are also 

adequately represented, thus they make larger contributions to the inter-sample distances. The 

academic qualification variable is represented less well than the other variables, but adequately 

nonetheless. 

Table 4.3.9: The adequacy of the variables in the remuneration dataset for C1 staff members in 

the Faculty of Science for 2005. 

Variable Remuneration Research Rank Age AQual 

Adequac 0.30 0.75 0.30 0.50 0.15 
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Definite separation between male and female staff members in the Faculty of Science is visible. 

Male staff members tend to be located above the mean values of each of the variables, while 

female staff members tend to be located below the mean values. This result is also reflected by 

the tables in Appendix A for the Faculty of Science. Note that significant differences between the 

remuneration of male and female staff members were observed in the univariate distributions in 

Figures 3.2.8 (b), 3.4.33 and 3.4.34. In Figure 3.2.12 {b) it was noted that the median age of 

female staff members differs from the median age of male staff members at a 5% significance 

level. The bivariate distributions in Figure 4.2. 7 indicated that age is one of the factors that are 

responsible for the difference in the remuneration distribution of male and female staff members. 

Now the multivariate PCA biplot shows that age is not the only factor that is responsible for the 

large difference between the remuneration distributions of male and female staff members in the 

Faculty of Science. Male staff members in the Faculty of Science tend to have higher academic 

qualifications than female staff members and produce more research outputs than female staff 

members. These results are also confirmed by Tables A.5.2 and A.6 (cf. Appendix A). Note that 

the biplot suggests that the staff member that produced the highest average research output from 

2002 to 2005 also earned the highest salary for 2005. It is also noteworthy that the maximum 

marker on the research output axis is 5, while the maximum value on the research output axis for 

the Faculty of Arts is only 3. 

The direction of the research axis differs clearly from the direction of the academic qualification 

and age axes. From the results in Table A.7.6 (cf. Appendix A), it is seen that the correlation 

beween the research variable and the academic qualification and age variables is low. The 

direction of the remuneration and rank axes corresponds very well, while the biplot axes of rank 

and remuneration appear to have a similar direction as the research axis. This result is reflected in 

Table A.7.6 (cf. Appendix A) by a very high correlation between remuneration and rank which is 

0.90, while the correlation between the research variable and the rank and remuneration variables 

are 0.45 and 0.50 respectively. Figure 4.3.15 as well as Table A.7.6 (cf. Appendix A) reflect 

reasonable high inter-correlations between remuneration, rank, academic qualification and age. 

However, it should be noted that the correlation between academic qualification and age is low 

compared to the other correlations, but this is mainly because there is a substantial difference 

between the adequacies of these two variables. 

It can be said, therefore, that the remuneration of a C1 staff member in the Faculty of Science is 

mainly determined by the rank of such a staff member, but the academic qualification, research 

output and age variables also have an effect on the remuneration. Because female staff members 

tend to lie below the mean values of these variables they will earn smaller salaries. However, the 

biplot indicates that there are a few female staff members in the age categories above 50 years 

with doctoral degrees, but they earn less and have lower ranks than their male colleagues that are 

younger than 50 years. If a woman has temporarily suspended her academic career and resumes 

it later, she often does not have the same academic status and research experience as her male 

peers. From the biplot it is clear that a substantial number of the women that lie in the age 

categories above 50 years have produced less than the average research output from 2002 to 
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2005. This could be the reason for the lower ranks and smaller salaries of women with doctoral 

degrees in the age categories above 50 years. Further investigations could be conducted to 

determine why this is so. 

Research 

A Qualification 

Age 

+ Male ~ Female 

Figure 4.3.15: PCA biplot of C1 staff members in the Faculty of Science for 2005. 

The PCA biplot constructed for C1 staff members in the Faculty of Education is shown in Figure 

4.3.16. The quality of the display is 81 %. This is quite a good representation of the five 

dimensional data in only two dimensions. The adequacy of the representation of each variable is 

summarised in Table 4.3.10. The age variable, with an adequacy of 0.82, is extremely well 

represented. The other adequacies range between 0.24 and 0.33. 

Table 4.3.10: The adequacy of the variables in the emuneration dataset for C1 staff members in 

the Faculty of Education for 2005. 

Variable Remuneration Research Rank Age AQual 

Adequacy 0.31 0.33 0.29 0.82 0.24 

Note that not one of the axes in Figure 4.3.16 clearly separates male and female C1 staff 

members. The variation of male and female staff members with respect to each of the five 

variables is approximately the same. This result is also reflected by the tables for the Faculty of 

Education in Appendix A. The axes of remuneration and rank nearly coincide which agrees with 

the high correlation of 0.94, reflected in Table A.7.7 (cf. Appendix A). The inter-correlations 

between academic qualificaiton, rank, remuneration and research vary between 0.48 and 0.69. 

The larger angle between age and the variables remuneration, rank and academic qualification is 

reflected by smaller correlations between these variables and age in Table A.7.7. Note that the 
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increase in correlation between variables that nearly coincide can be attributed to the high quality 

of the display. The opposite directions of the axes age and research output show a negative 

relationship between these variables. This result is reflected by the negative correlation between 

these variables in Table A.7.7 {cf Appendix A), and is caused by a lot of younger staff members 

that also produce high research outputs. 

The above figures revealed that the remuneration notch of a C1 staff member in the Faculty of 

Education is determined by the rank of such a staff member. Staff members with high ranks have 

high academic qualifications and they tend to produce high research outputs. The poor correlation 

between remuneration and age agrees with the circular bags in the bagplots of Figure 5.2.9. 

Furthermore, it is clear that the highest average research outputs from 2002 to 2005 were 

produced by staff members younger than 50 years. There are in particular two staff members that 

earned the highest salaries for 2005, but they also have the highest academic qualifications and 

produced the highest average research outputs. 

The difference between the remuneration of men and women in the Faculty of Education is not 

that large and this is also reflected by the univariate distributions in Figure 3.4.36. The highest 

salaries in the faculty are earned by men, but these men tend to be either older or produce more 

research outputs than their female colleagues. 

Remuneration 
Rank 
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0 
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30 
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Figure 4.3.16: PCA biplot of C1 staff members in the Faculty of Education for 2005. 
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The PCA bi plot for C1 staff members in the Faculty of AgriSciences is displayed in Figure 4.3.17. 

The quality of the display is 78% and the adequacies in Table 4.3.11 indicate that all the variables 

are well represented. 

Table 4.3.11: The adequacy of the variables in the remuneration dataset for C1 staff members in 

the Faculty of AgriSciences for 2005. 

Variable Remuneration Research Rank Age AQual 
Adeauacy 0.28 0.72 0.29 0.22 0.49 

Figure 4.3.17 differs considerably from Figure 4.3.16 in the sense that definite separation between 

male and female staff members is visible. The largest number of female staff members lies to the 

right of the mean values for remuneration, age, rank and research output. Note that only two 

female staff members are older than 50 years and have a higher rank than associate professor. 

Most of the female staff members in the Faculty of AgriSciences have produced less than the 

average research output of 0.50. However, almost all the female staff members in the Faculty of 

AgriSciences have a doctoral degree. Figure 4.3.17 also suggests that male staff members show 

more variation with respect to each of the variables, but especially in the direction of the 

remuneration, age and rank axes. 

Again the variables remuneration, age and rank are highly correlated with the correlation between 

remuneration and rank 0. 78, and between remuneration and age 0. 71. The correlation between 

these variables and academic qualification varies between 0.38 and 0.58. The large angle 

between the variables research and academic qualification reflects the small correlation of 0.16 

between these variables. Therefore staff members that earn high salaries in the Faculty of 

AgriSciences have high ranks, fall into the age categories above 50 years and tend to have 

doctoral degrees. Note that staff members in the age categories below 50 years also tend to 

produce high research outputs, while there are a lot of staff members in the age categories above 

50 years that have produced less than the average research output from 2002 to 2005. 

The univariate remuneration and age distributions of Figures 3.2.8 (d) and 3.2.12 (d) for the 

Faculty of AgriSciences, indicated significant differences in the median remuneration and age for 

men and women. The bivariate distributions of Figure 4.2.11 indicated that the remuneration gap 

between men and women is mainly caused by female staff members that are located in the 

younger age categories. The multivariate distribution in Figure 4.3.17 indicates that women in the 

Faculty of AgriSciences earn less than men mainly because they are younger in age, have lower 

ranks and produce less research outputs. Note that the staff member earning the highest salary in 

the Faculty of AgriSciences has also produced the highest average research output from 2002 to 

2005. Finally, it is to be expected, that if female staff members in the age categories below 50 

years remain with the University, the remuneration gap between men and women in the Faculty of 

AgriSciences will decrease. According to Table A.5.5 (cf. Appendix A) all of these female staff 

members have doctoral degrees and therefore will move into senior positions and obtain higher 

ranks in the years to come. 
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Figure 4.3.17: PCA biplot of C1 staff members in the Faculty of AgriSciences for 2005 . 

. Figure 4.3.18 presents the PCA bi plot for male and female C 1 staff members in the Faculty of Law 

for 2005. The quality of the display is 83%, which is very good. Note that the research output 

variable is very well represented with an adequacy of 0.87. The adequacies in Table 4.3.12 

indicate that the other variables are also well represented. 

Table 4.3.12: The adequacy of the variables in the remuneration dataset for C1 staff members in 

the Faculty of Law for 2005 (excluding Professional Qualification). 

Variable Remuneration Research Rank Age AQual 
Adequac 0.27 0.87 0.28 0.40 0.18 

The faculty of Law has very few C1 staff members compared to the other faculties. However, male 

and female staff members are clearly separated in the PCA biplot by the variables rank, age, and 

remuneration. Male staff members mainly lie to the left of the mean values of these variables, 

while most of the female staff members lie to the right of the mean values. The variation of men 

and women with respect to the variables academic qualification and research output are 

approximately the same. According to Tables A.5.6 and A.6 (cf. Appendix A), 50% of male staff 

members as well as 50% of female staff members have doctoral degrees and female staff 

members have produced a slightly larger average research output from 2002 to 2005 than male 

staff members. 

The correlation between remuneration and rank is 0.83, while the correlation between 

remuneration and age is 0.81. These correlations are both very high and indicate that the 
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remuneration notch for C1 staff members in the Faculty of Law is mainly determined by age and 

rank. The biplot also indicates a strong positive correlation between remuneration and academic 

qualification which is also reflected by Table A.7.9 (cf. Appendix A). The inter-correlations 

between age, rank and academic qualification differ between 0.48 and 0.77. Note that the 

correlation between age and research output is only a mear 0.21. 

It can be said, therefore, that male staff members earn more than female staff members in the 

Faculty of Law, because they tend to be older and have higher ranks, and the variables age and 

rank are highly correlated with remuneration. According to Table A.2.5 (cf. Appendix A) there are 

no female staff members in the age categories above 50 years. However, the female staff 

members in the age categories below 50 years have high academic qualifications and produce 

high research outputs. Therefore the remuneration gap between male and female staff members 

is expected to become smaller in the years to come. Note that, again, the staff member earning 

the highest salary in the Faculty of Law has also produced the highest average research output 

from 2002 to 2005. This observation is located between the markers 5 and 6 on the research 

output axis which is very high. 

Rank 

Remuneration 

A Qualification 

+ Male 

Research 

<> Female 

Figure 4.3.18: PCA biplot of C1 staff members in the Faculty of Law for 2005 (excluding the 

Professional Qualification variable). 

Figure 4.3.19 clearly shows that almost all the staff members earning more than the average 

remuneration of R307 236, in the Faculty of Law for 2005, have professional qualifications. These 

qualifications are highly in demand in the broader labour market and therefore the University 

differentiate with the aim to provide competitive remuneration for these staff members. The quality 
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of Figure 4.3.19 is 65% which is lesser than the quality of Figure 4.3.18. The adequacies of the 

variables are reflected by Table 4.3.13. All the variables are well represented with professional 

qualification having the highest adequacy and research output having the lowest adequacy. 

Table 4.3.13: The adequacy of the variables in the remuneration dataset for C1 staff members in 

the Faculty of Law for 2005 (including Professional Qualification). 

Variable Remuneration Research Rank Age PQual AQual 
Adequacy 0.28 0.10 0.29 0.28 0.73 0.31 

Note that although the angle between professional qualification and research output is small these 

variables are uncorrelated according to Table A.7.9 (cf. Appendix A). This is mainly because there 

is a substantial difference between the adequacies of professional qualification and research 

output. The correlation between professional qualification and academic qualification is 0.38 and 

the correlations between professional qualification and the variables remuneration and age are 

0.15 and 0.18 respectively. The correlations between professional qualification and the other 

variables are negligible small. Note that the PCA biplot does not optimize the correlations 

between variables, but the angles between the axes could give an indication of the correlation 

between variables. Therefore staff members with high professional qualifications do not always 

have the highest ranks, are located in the younger age categories, and they do not necessarily 

produce the highest research outputs and earn the highest salaries. However, staff members with 

professional qualifications in the Faculty of Law tend to have high academic qualifications as well. 

Age 

Rank 
Remuneration 

Research 

+ Male 

PQualification 

¢ Female 

Figure 4.3.19: PCA biplot of C1 staff members in the Faculty of Law for 2005 (including the 

Professional Qualification variable). 
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The PCA biplot for male and female staff members in the Faculty of Theology appears in Figure 

4.3.20. The quality of the display is 81 %. Table 4.3.14 summarises the adequacy of each 

variable. Note that the academic qualification variable has the highest adequacy and therefore 

make a larger contribution to the inter-sample distances. 

Table 4.3.14: The adequacy of the variables in the remuneration dataset for C1 staff members in 

the Faculty of Theology for 2005. 

Variable Remuneration Research Rank Age AQual 
Ade uacy 0.39 0.21 0.34 0.24 0.82 

The Faculty of Theology had very few C1 staff members in 2005 with no female C1 staff members. 

The largest variation occurs in the direction of the remuneration, rank and age axes. Studying 

Table A.7.10 (cf. Appendix A) together with the biplot, shows an increase in correlation between 

variables that nearly coincide. This can be attributed to the high quality of the display. The inter

correlations between remuneration, rank and age differ between 0. 79 and 0.89. The correlation 

between remuneration and research ouput is 0.56, while the correlation between remuneration 

and academic qualification is 0.24. Therefore the remuneration notch at which a C1 staff member 

in the Faculty of Theology is remunerated, is mainly determined by the age and rank of such a 

staff member. Academic qualifications and research outputs do not have a large effect on the 

remuneration of a C1 staff member. According to Table A.5.7 {cf. Appendix A) only one staff 

member in the Faculty of Theology does not have a doctoral degree. Furthermore, the biplot 

clearly indicates that there are some of the younger staff members that have produced high 

average research outputs from 2002 to 2005. 
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Figure 4.3.20 : PCA biplot of C1 staff members in the Faculty of Theology for 2005. 
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The PCA biplot for C1 staff members in the Faculty of Economic and Management Sciences is 

displayed in Figure 4.3.21. The percentage of variation in the data accounted for by the two

dimensional display is 75%. Table 4.3.15 indicates which variables make large contributions to 

the inter-sample distances. Note that all the variables are adequately represented. 

Table 4.3. 15: The adequacy of the variables in the remuneration dataset for C1 staff members in 

the Faculty of Economic and Management Sciences for 2005 (excluding 

Professional Qualification). 

Variable Remuneration Research Rank Age AQual 
Adequacy 0.73 0.21 0.34 0.23 0.49 

The biplot in Figure 4.3.21 suggests that male and female C1 staff members in the Faculty of 

Economic and Management Sciences are separated by the variables rank, age, research output, 

academic qualification and remuneration. The variation of the observations is the largest in the 

direction of the rank and age axes. Male staff members tend to be located to the left of the mean 

values of these variables, while female staff members tend to be located to the right of the mean 

values. However, it should be noted that very few female staff members are located above the 

mean values, while a substantial amount of overlap between the two groups occur below the mean 

values of each axes. This result can be observed by projecting the points orthogonally onto the 

axes. It is also noteworthy that the maximum marker on the research axis is only 1 which is lesser 

than the maximum markers on the research axes of the Faculties of Arts, Science, Education, 

AgriSciences, Law, Theology and Engineering. This suggests that staff members in the Faculty of 

Economic and Management Sciences produce lesser research outputs than staff members in the 

faculties of Arts, Science, Education, AgriSciences, Law, Theology and Engineering. The 

maximum marker on the remuneration axis is substantially higher than the maximum markers on 

the remuneration axes of all the Faculties of Arts, Science, Education, AgriSciences, Law, 

Theology and Engineering, while a few staff members tend to be located above the marker 

indicating R500 000. These results suggest that a substantial number of the staff members 

earning the highest salaries at the University are located in the Faculty of Economic and 

Management Sciences. 

The correlation between remuneration and the variables rank and age is 0.71 and 0.40 

respectively. Furthermore, strong positive inter-correlations exist between the variables academic 

qualification, rank and age. The research variable is strongly correlated with rank, but poorly 

correlated with the other variables. Therefore staff members with higher ranks tend to earn higher 

salaries, tend to have higher academic qualifications and tend to be located in the older age 

categories. The biplot suggests that there are a lot of the younger staff members that have 

produced research outputs from 2002 to 2005 and therefore the correlations between research 

output and the variables age and remuneration are very low. 

It can be concluded that the remuneration gap between male and female staff members in the 

Faculty of Economic and Management Sciences is mainly caused by more male than female staff 

members that are located in the age categories above 40 years, very few female staff members 
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with doctoral degrees and no female staff members that have the rank of professor in 2005. There 

is substantially more male staff members located above the average research output for the faculty 

from 2002 to 2005. These results are also confirmed by Tables A.2.7, A.4.8, A.5.8 and A.6 (cf. 

Appendix A). However, the percentage of female staff members in the age categories below 40 

years is higher than the percentage of male staff members in these age categories. Furthermore, 

the number of male and female staff members occupying the lower ranks of junior lecturer, lecturer 

and senior lecturer are approximately the same. Therefore the remuneration gap will decrease in 

the years to come if these female staff members study towards their doctoral degrees, move into 

the more senior ranks of associate professor and professor and remain with the University. 
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Figure 4.3.21 : PCA biplot of C1 staff members in the Faculty of Economic and Management 

Sciences for 2005 (excluding the Professional Qualification variable}. 

Figure 4.3.22 display the PCA biplot for C1 staff members in the Faculty of Economic and 

Management Sciences with the professional qualification variable included in the dataset. The 

two-dimensional display indicates that the biplot accounts for 73% of the variation in the data. The 

variables are all adequately represented with the adequacies summarised in Table 4.3.16. 
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Table 4.3.16: The adequacy of the variables in the remuneration dataset for C1 staff members in 

the Faculty of Economic and Management Sciences for 2005 (including 

Professional Qualification). 

Variable Remuneration Research Rank Age PQual AQual 
Adequacy 0.49 0.13 0.32 0.22 0.54 0.29 

Note that the professional qualification axis corresponds only in direction with the remuneration 

axis. Almost all the staff members with professional qualifications earn more than the average 

remuneration for the faculty. Staff members younger than 40 years and earning more than the 

average remuneration tend to have professional qualifications. It also is noteworthy that very few 

female C1 staff members earning more than the average remuneration do not have a professional 

qualification. The negative correlation between professional qualification and the other variables, 

especially the variable academic qualification, are also reflected by Table A.7.11 (cf. Appendix A). 

Therefore staff members with high professional qualifications tend to have lower academic 

qualifications, do not necessarily have high ranks and do not produce high research outputs. 
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Figure 4.3.22: PCA biplot of C1 staff members in the Faculty of Economic and Management 

Sciences for 2005 (including the Professional Qualification variable). 

Figure 4.3.23 presents the PCA biplot of the remuneration dataset for C1 staff members in the 

Faculty of Engineering. The two-dimensional display accounts for 77% of the variation in the data. 

Table 4.3.17 summarises the adequacy of each variable. All the variables are well represented 

with the research variable making the largest contribution to the inter-sample distances. 
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Table 4.3.17: The adequacy of the variables in the remuneration dataset for C1 staff members in 

the Faculty of Engineering for 2005 (excluding Professional Qualification). 

Variable Remuneration Research Rank Age AQual 

Adequacy 0.31 0.54 0.32 0.55 0.27 

There are only three female C1 staff members in the Faculty of Engineering and therefore it is not 

meaningful to compare male and female staff members in the biplot. However, the biplot suggests 

that the remuneration notch for C1 staff members in the Faculty of Engineering is mainly 

determined by the rank of a C1 staff member. The correlation between rank and remuneration is 

0.91, which is very strong. There are also strong positive inter-correlations between the variables 

remuneration, rank and age that range between 0.49 and 0.91. Therefore staff members earning 

high salaries tend to be older in age, tend to have higher ranks and tend to have high academic 

qualifications. Note that although academic qualification is strongly correlated with remuneration 

and rank, it is poorly correlated with research and age. This is mainly because there are a 

substantial number of the younger staff members with high academic qualifications and that 

produce high research outputs. 
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Figure 4.3.23: PCA biplot of C1 staff members in the Faculty of Engineering for 2005 (excluding 

the Professional Qualification variable). 

The PCA biplot for C1 staff members in the Faculty of Engineering with the professional 

qualification variable included appears in Figure 4.3.24. The quality of the display is 71 %, which is 

only slightly lower than the representation without the professional qualification variable. Table 

4.3.18 indicates that all the variables are adequately represented. 
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Table 4.3.18: The adequacy of the variables in the remuneration dataset for C1 staff members in 

the Faculty of Engineering for 2005 (including Professional Qualification). 

Variable Remuneration Research Rank Age PQual AQual 
Adequacy 0.27 0.42 0.29 0.39 0.37 0.26 

The axes of professional qualification and age nearly coincide, reflecting the strong positive 

correlation between these variables. Therefore staff members with professional qualifications in 

the Faculty of Engineering tend to be located in the older age categories. The correlation between 

professional qualification and the variables rank, remuneration and age are also reasonable high 

and differ between 0.37 and 0.52. Professional qualification and research output are uncorrelated, 

while the correlation between professional qualification and academic qualification is very poor. 

This indicates that staff members with professional qualifications do not necessarily have high 

academic qualifications and only a few of them have produced high average research outputs from 

2002 to 2005. 
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Figure 4.3.24 : PCA biplot of C1 staff members in the Faculty of Engineering for 2005 (including 

the Professional Qualification variable). 

Figure 4.3.25 shows the PCA biplot for C1 staff members in the Faculty of Health Sciences for 

2005. The adequacies of the variables are summarised in Table 4.3.19. The quality of the display 

in two-dimensions is 76%, while all the variables are adequately represented. 
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Table 4.3.19: The adequacy of the variables in the remuneration dataset for C1 staff members in 

the Faculty of Health Sciences for 2005 (excluding Professional Qualification). 

Variable Remuneration Research Rank Age AQual 
Adequacy 0.31 0.42 0.31 0.59 0.38 

Figure 4.3.25 reveals that male and female C1 staff members are separated by the variables 

remuneration and rank, while age also provides moderate separation. Male staff members tend to 

be located in the direction of higher remuneration, age and rank values, while female staff 

members tend to be located in the direction of lower remuneration, age and rank values. Note that 

very few female staff members are located to the left of the mean values of the remuneration and 

rank axes, while very few male staff members are located to the right of the mean remuneration 

and rank values. The maximum marker on the research output axis is smaller than the maximum 

markers on the research output axes of the Faculties of Arts, Science, Education, AgriSciences, 

Law, Theology and Engineering. This suggests that staff members in the Faculty of Health 

Sciences produce lesser research outputs than staff members in the previous mentioned faculties. 

The maximum marker on the remuneration axis is substantially larger than the maximum markers 

on the remuneration axes of the Faculties of Arts, Science, Education, AgriSciences, Law, 

Theology and Engineering. Note that a substantial number of the staff members tend to be 

located between R500 000 and R600 000 on the remuneration axis, indicating that staff members 

earning the highest salaries tend to be located in the Faculties of Economic and Management 

Sciences and Health Sciences. 

The axes of the variables remuneration, rank and age lie in the same direction. Note that Table 

A.7.13 (cf. Appendix A) also reflects strong positive correlations between these variables. The 

variable age clearly lies in an opposite direction from the variables research and academic 

qualification. The true correlations between age and the variables research (0.22) and academic 

(0.22) qualification are also poor. The true correlations are indicated by the values in brackets. 

The PCA biplot for C1 staff members in the Faculty of Health Sciences with the professional 

qualification variable included is presented in Figure 4.3.26. The quality of the display is 70% and 

the adequacy of each variable is reflected in Table 4.3.20. 

Table 4.3.20: The adequacy of the variables in the remuneration dataset for C1 staff members in 

the Faculty of Health Sciences for 2005 (including Professional Qualification). 

Variable Remuneration Research Rank Age PQual AQual 
Adequacy 0.32 0.34 0.27 0.10 0.50 0.47 
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Figure 4.3.25: PCA biplot of C1 staff members in the Faculty of Health Sciences for 2005 

(excluding the Professional Qualification variable). 
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The inter-correlations between the variables remuneration, rank and professional qualification 

range between 0.58 and 0.91, which is relatively high. The axes in the PCA biplot also reflect the 

high correlations between these variables. Therefore professional qualifications have a large 

influence on the remuneration and ranks of C1 staff members in the Faculty of Health Sciences. 

Furthermore, the professional qualification variable and the variables research and academic 

qualification lie in opposite directions. This indicates that professional qualification is poorly 

correlated with research and academic qualification. Therefore staff members with high 

professional qualifications do not necessarily have high academic qualifications and they also do 

not necessarily produce high research outputs. 
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Figure 4.3.26: PCA biplot of C1 staff members in the Faculty of Health Sciences for 2005 

(including the Professional Qualification variable). 
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4.3.4 CVA Biplot 

The fundamental difference between PCA biplots and CVA biplots is the distance metric that is 

used. PCA biplots are based on the Pythagorean distance metric while CVA biplots use 

Mahalanobis distances among the variables. Mahalanobis distances are not additive, in the 

sense that the variables do not contribute independently tO the overall measure of distance. The 

Mahalanobis distances between the projected sample points can be defined as 

8,. = { x, - xs n::- 1 (x, - x.) . If I = I the Pythagorean distance metric is obtained from 8,., if I is 

a diagonal matrix the variables contribute independently to the overall measure of distance and if 

I is a non-diagonal matrix 8,. represents the Mahalanobis distance metric. Another important 

difference between the PCA and CVA biplot is the directions of the interpolative and predictive 

biplot axes. For PCA biplots the directions of these axes coincide, but for the CVA biplot the 

directions differ. Finally the PCA biplot constructed from centred variables without any scaling of 

the columns differs from a PCA biplot constructed from standardized variables while the display of 

a CVA biplot is the same for standardized and non-standardized variables. In the next section it 

will be shown that the CVA biplot can be formulated in terms of a two-sided eigenvalue problem 

while the PCA biplot is formulated in terms of the classical eigenvalue problem. Finally, the 

fundamental aim of the CVA biplot is to separate different groups or classes optimally. The PCA 

biplots suggested that there are differences between male and female staff members and between 

the nine different faculties in the remuneration dataset. However, PCA biplots optimize the 

distances between the data points and present the multidimensional variation of each group in the 

dataset. Therefore there may be differences between the groups that were not picked up by the 

PCA biplots. These differences will be reflected in the CVA biplots. 

4.3.4.1 Canonical variate analysis (CVA) 

CVA is concerned with a centred matrix X : (n x p) so that 1' X = O'. The matrix is partitioned into 

g groups of sizes given in the diagonal of the matrix Ng= diag( n1, n2, •.• , ng ). A matrix of group 

means X: : (g x p) can be derived from the diagonal matrix Ng and from the centering follows 

1' Ng X: = 0. Because of the centering 1' Ng X = 0 a between- and within-group analysis of 

variance can be constructed. The total sum of squares matrix, X'X, can be devided into the 

between groups sum of squares matrix, B = X' Ng X:, and the within groups sum of squares matrix, 

w = X'X- X'NgX. The aim of CVA is to find the linear combination Xv of the p variables that 

maximizes the ratio of the between groups to within groups variance ratio. Thus, the ratio 

v'Bv 

v'Wv 
(4.1.1) 

needs to be maximized with respect to v . The solution provides a linear discriminator which can 

be used for assigning observations to the different groups. The scaling of v is arbitrary and 

therefore the following constraint is imposed to obtain a unique result: 
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v'Wv = 1. (4.1.2) 

By adding the Lagrangian term µ(v'Wv-1) to (4.1.1) and differentiating with respect toµ and v 

the following result is obtained after some simplification 

Bv=A.Wv. (4.1.3) 

Where the constraint requires that v' Bv = A.. Equation (4.1.3) is the two sided eigenvalue problem 

(Gower and Hand, 1996, section A.2) which becomes the classical eigenvalue problem when 

W =I. Equation (4.1.1) is maximized if v = v1 , which is the eigenvector corresponding to the 

largest eigenvalue A.1 • Thus the maximum variance ratio is v1' Bv 1 = A.1 and the linear 

combination that gives this ratio is y = Xv 1 • However, equation (4.1.1) has a set of p solutions 

with ( p -1) of them sub-optimal. All these solutions may be gathered together in the form 

BV =WV/\. (4.1.4) 

The columns of the matrix V = (v 1, .•. , v P) form the eigenvectors and the diagonal matrix 

t\ =diag( A.1, ••• , A.P ) contains the eigenvalues sorted in descending order. From section A.2 (Gower 

and Hand, 1996) it follows that the eigenvectors are orthogonal in the metric w which means that 

V'WVis a diagonal matrix and ifthe eigenvectors vi for i =j are normalized, vi'Wvi =1 which 

gives (4.1.2). Therefore it follows that V' WV = I for i = 1, ... , p. Note that alternative forms for 

V' WV= I are VV'= w-1 and v-1 = V'W. If (4.1.4) is premultiplied by V' it follows that 

V'BV = t\. (4.1.5) 

The linear transformation for a sample x from the original variables in the space 9"l P to a new set 

of variables in the canonical space, known as the canonical variables, is given by y' = x' V. All p 

transformed variables can be gathered together to form a matrix of canonical variables 

Y =XV. 

The inter~sample distances between the canonical variables are given by 

YY'= XVV'X'= xw-1x·. 

(4.1.6) 

(4.1.7) 

Because w- 1 is a non-diagonal matrix the distances defined by X ·w-1x are Mahalanobis 

distances. Note that x ·w-1x forms part of the original space while YY' is expressed in the 

canonical space. Let the canonical space be denoted by ..9i! . The canonical space has 

min(p,g-1) dimensions and is the counterpart of 9"lP in PCA. Equation (4.1.7) implies that 

distances in the original space 9"lP can be transformed to distances in the canonical space .~. 

Thus, Pythagorean distances between points in the canonical space .flf! are Mahalanobis distances 

between points in the original space 9"lP. To construct a biplot the n points in the canonical 

variables of equation (4.1. 7) needs to be displayed in a r -dimensional subspace SI' where r =2 

for a two-dimensional biplot. The first r columns of Y forms the approximation Z =XV, to the 
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canonical variables in the r -dimensional canonical subspace 2' that is spanned by the columns 

of V,. Note that although a CVA biplot is based upon the Mahalanobis distance metric in the 

original space, the inter-sample distances in the canonical space .9P and the subspace 2' are 

Pythagorean distances. Also when W = I the two-sided eigenvalue problem becomes the 

classical eigenvalue problem (Gower and Hand, 1996, section A.1) that is used by the PCA biplot 

to obtain the best fitting r -dimensional subspace, 2'. Therefore, contrary to a PCA biplot the 

CVA biplot can be formulated in terms of a two-sided eigenvalue problem to obtain the best fitting 

r -dimensional canonical subspace, 2'. 

The transformation in (4.1.6) to the canonical space is linear and therefore the group means of 

these canonical variables known as the canonical means can be obtained. The transformation to 

the new set of canonical means are given by Y = XV where the matrix X: n x p represent the 

group mean vectors i; with i =1,2, ... ,n. The Pythagorean distances between the group means in 

the canonical space are given by YY'= xw-1x· with x I w-1x the Mahalanobis distances 

between the group means in the original space 91 P. To represent the group means in a r -

dimensional biplot the canonical means are transformed to the canonical subspace S/' by z =xv,. 

4.3.4.2 Interpolation and Prediction by CVA 

To interpolate a new sample x = ( x 1, ••• ,xp) into the r -dimensional canonical subspace 51', it needs 

to be transformed to a canonical variable by y' = x' V . Then the r -dimensional approximation to 

the canonical variables in the subspace _y· is given by z' = x' V, . 

Prediction is the inverse of interpolation. Therefore a point representation with coordinates y in 

the canonical space can predict the values x associated with its original variables in 9lP. The 

prediction in 9lP is given by x'= y•v-1. 

4.3.4.3 Biplot axes 

Let ek = (0, ... , 1, ... , 0) be the unit vector along the k-th original axis in 9lP. The sample x = 

p p 

(x1, ••• ,xp) may be written as x=Ixkek which will be interpolated to z'=x'v,=Ixkek'V, 
k=I k=I 

where ek' v, ( k = 1, .. ., p) are the interpolants in .Sf' for unit values of the original variables. The 

directions of the interpolation biplot axes are given by the rows of v,. The k-th interpolative biplot 

axis is calibrated in the original scales of measurement by the points µek' V,, for µ = 0,±1,±2, ... 

These points form the markers or graduations on the interpolative axis. 
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All points that predict a value µ for the k-th variable satisfy µ = y' V' ek' where V' is the first r 

columns of v- 1 
• If y is approximated in !/'only its first r coordinate values, z, can be non-zero 

and therefore the predicted points in !/'areµ = z' V 'ek'. Similar to section 4.3.2.4 these points lie 

in a ( r -1)-dimensional plane in Y. As µ varies the resulting planes are all parallel and orthogonal 

to the direction ek '(V')'. For a two-dimensional biplot it follows that r =2 and these parallel 

planes form straight lines. The prediction axis Pk is the line through the origin orthogonal to these 

parallel planes. The orthogonal projection of any point z onto this line gives the correct marker 

( µ) for prediction. Any point on the bi plot axis pk will have the form zµ' = crek '(V' )' and by using 

the expression for the prediction marker in section 4.3.2.4 it follows that the position of the marker 

µ on the k -th predictive biplot axis is given by 

z '= µ e '(V r )' 
µ ek'(V')'V'ek k · 

(4.1.8) 

Note that the matrix Vis not orthogonal (v-1 )';e V and hence (V' )' ;e v,. Thus, by comparing 

(4.1.8) with the interpolation marker µek' V, it follows that the interpolation and prediction biplot 

axes have different directions. 

4.3.4.4 Quality of the Bi plot and Adequacy of the Biplot axes 

For a true principal components interpretation, Y needs to be spanned by the first r principal axes 

of X'X, where x is the matrix of group means. This can be achieved by redefining B as 

unweighted, i.e. B = X'X (Gower and Hand, 1996). If the unweighted form is substituted into 

(4.1.4), new forms of V and the canonical means will result, but the Mahalanobis distance property 

is preserved in 9\ P. Thus the new canonical axes are merely rotations of the old ones. With JB 

unweighted (4.1.5) becomes a diagonal matrix and B = X' X =VJ\ V'. This implies that !/' is 

spanned by the first r principal components of the canonical means. From section 4.3.2.5 it 

follows that the proportion of variance accounted for among the canonical means in Sf' is the ratio 

j=I 

similar to the quality measure of PCA. More results for measuring the quality of the CVA display 

that were derived by Gardner (2001) will be explained in the following paragraphs. 

It is shown in section (4.3.2.5) that U =XV for the transformation in the full p -dimensional space 

and Z = XV, for the transformation in the two-dimensional approximation space !/' The 

respective sample covariance matrices are cov( U ) = U' U = V' X' XV = V' VJ\ V' V = J\ and cov( Z) 
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= Z' Z = v,' X' XV, = V,' VA V' V, =A, . Therefore the quality measure can also be expressed as 

tr{cov(Z)} . In CVA the sample matrix X can be transformed to canonical variables U =XV in 
tr{cov(U)} 

the canonical space . .:Jf. and these variables can be represented in the r -dimensional biplot space 

by Z =XV,. Because the matrix X: n x p can be partitioned into g groups and U =XV denotes a 

linear combination of X the covariance of U can be decomposed into a within and a between 

part: 

cov(U) = U'U = V'X'XV=V'WV+V'BV 

=HK+ J\K 

and cov(Z) = V,'WV,+V,'BV, 

From these results it follows that the quality of the CVA display can be measured by the ratio 

tr{cov(Z)} 

tr{cov(U)} 

r 

r+ L"'i 
i=I 

K 

K+ L"'i 
i=I 

(4.1.9) 

Gardner (2001) shows that the matrix J\ has at most K = min(p,g-1) non-zero diagonal elements. 

The measure (4.1.9) will be equal to 1 for r = K and the second term in both the numerator and 

denominator will be identical for r ~ K . The value of the ratio will be larger than 1 for values of 

r > K . Only the first K components are relevant for the optimal separation of X into g groups 

indicating that the last ( r - K ) dimensions are redundant. 

From the results derived by Gardner (2001) it follows that the ratio i=I --= .i=.L_ and is termed 
K 

I"'i 
j=I i=I 

the quality of discrimination. The between groups variance in the canonical space is given by 

V' BV = J\ K and therefore this measure summarises the proportion of the between groups 

variance accounted for in the r -dimensional display. 

Gardner (2001) also provides results for the adequacy of the representation of the k -th original 

variable. These results are derived from the adequacy measure of the PCA biplot. The numerical 

measure for the adequacy of the k -th variable is given by the k-th diagonal element of the matrix 

diag( v, V,' ). Let uµ '= µek 'V be the scale marker on the k-th biplot axis in the full p-dimensional 

representation and z~,·= µek'V, the corresponding scale marker in the r-dimensional PCA biplot 

subspace Sf'. The adequacy measure defined above can be derived from the ratio of the squared 

length of zµ' to uµ' as follows: 
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Now the adequacy of the representation of the k-th original variable for CVA follows by the same 

approach as 

Adeq= llzµll= µ
2
ek'V,Vr'ek = [diag(V,Vr')]kk =[v,v;]kk. 

lluµll µ2ek'VV'ek [diag(VV')]kk [w-'lk 

Note that for CVA uµ' is the scale marker on the k-th biplot axis in the p-dimensional canonical 

space arid zµ' is the scale marker on the k-th biplot axis in the canonical subspace 2". 

4.3.4.5 Correlation 

The angles between axes are not a direct indication of the correlations. However, smaller angles 

are associated with higher correlations and therefore axes that nearly coincide indicate that two 

variables are nearly linearly related and hence that they have very high intergroup correlation in 

the canonical space. The main strength of a CVA biplot is its potency to maximize class 

separation and to reveal the nature and degree of overlap among different classes. Therefore 

conclusions about correlations using CVA biplots only, should be made with caution. 

4.3.5 CVA biplot for g = 2 groups 

Let X : (n x p) be the centered matrix of the original variables in the space \RP. It was shown in 

section 4.3.4.1 that CVA seeks the linear combinations, Y =Xv , of p predictor variables that 

maximizes the ratio of the between groups to within groups variance ratio given in equation (4.1.1 ). 

The solutions that maximizes equation (4.1.1) maybe gathered together to form the two sided 

eigenvalue solution given in equation (4.1.4). The linear combinations, Y =Xv, transforms the 

original variables in the space m P to canonical variables in the canonical space that has 

min( p,g -1) dimensions. The CVA biplot is constructed by dispaying the n points in the canonical 

variables in a r -dimensional subspace Sf' where r = 2 for a two-dimensional bi plot. However, 

when g = 2 groups the CVA biplot breaks down to a one-dimensional 'biplot' with the canonical 

space having only one dimension as shown in Figure 4.3.27. The g = 2 groups in this 'biplot' 

consist out of 49 male and 62 female C1 staff members in the faculty of Health Sciences for 2002. 

These two groups are compared to each other and each group consist out of p = 4 variables that 

includes remuneration, age, rank and type of qualification. From Figure 4.3.27 it is clear that the 

female C1 staff members are mostly consentrated around the lower remuneration values, while the 

male C1 staff members are mostly consentrated around the higher remuneration values. It is 

however impossible to asses from Figure 4.3.27 the reason for the difference between the 

remuneration of male and female C1 staff members and it is also difficult to asses the overlap and 

separation between the groups. In Figure 4.3.28 a density estimate was fitted to each of the 

groups and describing the overlap and separation between the groups becomes straightforward. 
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FIGURE 4.3.27 : One dimensional CVA 'biplot' of the remuneration of male and female C1 staff 

members in the Faculty of Health Sciences for 2002. 
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FIGURE 4.3.28 : Density estimate superimposed on the one dimensional 'biplot' of Figure 

4.3.27. 

Figure 4.3.28 contains only information of the samples and information on the p variables can 

only be added by multiple biplot axes. Gardner and Le Roux (2004) explains why care must be 

taken when biplot axes are added and suggests modifications to the existing biplot methodology 

that leads to useful biplots for use in the case of the important g = 2 group problems. The two-

sided eigenvalue solution illustrates why the CVA 'biplot' can only be one-dimensional: Equation 

(4.1.4) becomes 
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Only one eigenvalue is non-zero and therefore the two-dimensional biplot space Sf' cannot be 

spanned by the first two columns of V and it follows that Sf' must be one-dimensional. 

Eigenvectors associated with a repeated eigenvalue are not unique, but they occupy the unique 

subspace spanned by vi and v j and they can be chosen to be orthogonal. This result extends 

to any number of equal eigenvalues. Thus, it follows that the vectors v2 and v3 and v 4 span the 

vectorspace orthogonal to v1 • Note that the vector v2 is not uniquely defined and could be 

replaced with v3 , v4 or a linear combination of v2 and v3 orthogonal to v3 or a linear 

combination of v2 and v4 orthogonal to v4 or a linear combination of v3 and v4 orthogonal to 

v4 or a linear combination of v2 , v3 and v4 orthogonal to v3 and v4 . Therefore the CVA biplot 

should not be constructed using the first two column vectors of V, because v2 is not unique. 

However, a modified second eigenvector v * can be chosen as the orthogonal complement of v1 . 

To add information of the variables to the one dimensional 'biplot' of Figure 4.3.28 some matrix v, 

is required for the formula 

Z =XV,= X[v 1 v*]. 

In a PCA context the vector v * is defined to represent the optimal variation in the orthogonal 

complement of v1 . Gardner and Le Roux (2004) provided the following algorithm for 

implementation: 

o Since the matrix V : p x p is not orthogonal but non-singular, the vectors v 2 , v 3 , ... , v P are 

o linearly independent, but not necessarily orthogonal. Therefore, find an orthogonal basis for the 

vectorspace spanned by v 2 , v 3 , ... , v P , given by the columns of v· : p x (p -1); 

o x• =xv• gives the representation of the sample points in the orthogonal complement of v1 ; 

o Perform a PCA, solving the eigen-equation 

• 1 • • 1 • 
(X - -11 X ) (X - -11 X ) = W ~ W 

n n 

to obtain the first principal component scores given by the first column w 1 of 

w : (p -1) x (p -1) ; 

o Let v*=V·w1 . 

In section 4.3.4 it was mentioned that the display of a CVA biplot is the same for standardized and 

non-standardized variables. This is because the CVA biplot is based upon maximizing the ratio in 

equition 4.1.1 and is therefore invariant with respect to standardizing the original variables to unit 

variances. However, the PCA biplot is not invariant with respect to such transformations and 

therefore the scaling of the original variables to unit variances will affect the PCA-based CVA biplot 

proposal considered here for g = 2 group problems. According to Gardner and Le Roux (2004) the 
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above algorithm can easily be adapted to incorporate such standardizations when needed in 

practice. 

It is clear from Figures 4.3.29 and 4.3.30 that there is a difference between the CVA biplot 

constructed for g = 2 groups by using the existing methodology in section 4.3.4.1 and the modified 

bi plot methodology that uses the newly defined matrix v, = [ v1 v*] . The separation and overlap 

between the two groups with respect to the different variables are not well defined in Figure 4.3.29, 

because the one-dimensional canonical space is forced to become a two-dimensional space. 

However, the second dimension is not unique and therefore the biplot axes are wrong. Note that 

projecting the samples of Figures 4.3.29 and 4.3.30 onto the horizontal or first biplot scaffolding 

axis results in exactly the representation obtained in Figure 4.3.27. However, if these samples are 

projected onto the vertical or second biplot scaffolding axis the representation obtained from 

Figure 4.3.29 will differ from the representation obtained from Figure 4.3.30, because the second 

dimension in Figure 4.3.29 is not unique. Figure 4.3.29 cannot be used in practice to construct a 

CVA biplot for g = 2 groups, because the directions of the axes are wrong. 

From the remuneration dataset of C1 staff members in the faculty of Health Sciences for 2002 it is 

clear that there are seven women earning more than R300 000. Two of these women earn R376 

914 and another two earn R376 914, while the other three earn different salaries. Therefore 

Figure 4.3.27 indicates that there are only five women earning more than R300 000, because it 

would be impossible to indicate these four women separately onto a horizontal line. However, the 

women do differ from each other with respect to the variables age, rank and type of qualification 

and therefore they will be separated by adding information of these variables. It is now clear from 

Figure 4.3.30 that the remuneration variable separates seven women earning more than R300 000 

from the other women in the faculty. It is also easy to assess the overlap and separation between 

male and female staff members with respect to the variables remuneration, age, rank, and type of 

qualification in Figure 4.3.30. 
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FIGURE 4.3.29: CVA biplot indicating the overlap and separation of male and female C1 staff 

members in the Faculty of Health Sciences for 2002 (without modifications to 

existing biplot methodology) . This CVA biplot cannot be constructed in practice. 
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FIGURE 4.3.30: CVA biplot indicating the overlap and seperation of male and female C1 staff 

members in the Faculty of Health Sciences for 2002 (with modifications provided 

by Gardner and Le Roux). 
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IR.elatoo01slhip between MUJJltivariate Analysis . of Variance 

(MANOVA), linear Discriminant Analysis (UlA) aind Canonical 

Variate Analysis (CVA) 

A multivariate analysis of variance (MANOVA) can be used to determine if group differences exist 

in a dataset by investigating whether the population mean vectors differ significantly. The CVA 

biplot can be viewed as a visual display of a MANOVA in a reduced number of dimensions, 

because the between class and pooled within class covariance matrices used for a CVA biplot are 

also employed in performing a MANOV A. Furthermore, given the results of a MANOVA indicating 

that group differences exist in the data, Linear Discriminant Analysis (LDA) can be used to 

determine what specific variables best account for these differences. LDA constructs a linear 

combination of p predictor variables to optimally separate observations from different groups. A 

new observation can be allocated or classified into one of the groups based on n measurements of 

each of the p predictor variables. The linear discriminant function is obtained by finding the linear 

combination of p predictor variables that maximizes the between groups to within groups variance 

ratio. Therefore LDA and CVA are equivalent and consequently the CVA biplot is a graphical 

display of a LDA. 

The performance of any classification procedure can be judged by calculating its error rates, or 

misclassification probabilities. If the error rates are low a useful classification rule can be 

developed and future samples can be classified accurately. Often, however, the error rates or 

misclassification probabilities are too high and accordingly the search for a useful classification 

rule will prove fruitless. In these cases the CVA biplot is an excellent graphical tool for assessing 

the separation and overlap among different groups. The CVA biplot quantifies the amount of 

separation and overlap among different groups or classes. If the error rates for a classification 

procedure like LDA are high the CVA biplot will reflect a high degree of overlap, while a low degree 

of overlap will occur for small error rates. When the error rates are small the separation between 

the groups can be investigated by examining which axes in the CVA biplot separate the groups 

well. The CVA biplots for the remuneration of male and female C1 staff members constructed in 

section 4.3.8 will illustrate how the separation between groups can be assessed visually. 

4.3.7 Alplha-IBags 

Although CVA biplots optimally separate groups, relatively large group sizes can conceal the 

spread of the observations by over-plotting. Gardner (2001) addressed this problem by 

introducing alpha-bags. The univariate notched boxplot in chapter 3 were used to compare the 

remuneration and age distributions of male and female staff members and of the various faculties. 

Tukey (1975) and Rousseew, Ruts and Tukey (1999) explain how the univariate notched boxplot 

can be generalized to multivariate data by the notion of halfspace location depth. This concept 

made it possible to construct the bagplot, a bivariate generalization of the univariate boxplot. Note 

that the bagplot provides a graphical summary of the scatterplot of bivariate observations, but to 

Stellenbosch University  https://scholar.sun.ac.za



197 

compare several groups in the bivariate data in one plot, depth contours of the bivariate point data 

can be constructed. Gardner (2001) used the interpolation algorithms provided by Rousseeuw 

and Ruts ( 1997) to construct depth contours that provide graphical summaries of bivariate data 

points. These contours are called alpha-bags and provide the user with a powerful tool to 

measure the overlap between groups. The proportion of bivariate points enclosed by the depth 

contours can be specified by assigning a value between 0 and 1 to alpha. However, alpha-bags 

can be used not only as a visual measure of the overlap between groups, but also as a 

quantitative measure of such overlap. If two groups overlap for a small value of a they are more 

similar than two groups that overlap for a larger value of a. If two groups show a high degree of 

overlap for 50% alpha-bags they will show an even higher degree of overlap for 90% alpha-bags, 

but if two groups show a low degree of overlap for 50% alpha-bags they will show even lesser 

overlap for 90% alpha-bags. Therefore multidimensional change over time can be assessed by 

using CVA biplots together with alpha-bags. 

4.3.8 CVA lboplots wiUn Alphla-IBaigs Co1n1str1U1ctedl 1for 1"eaich101n1g/Researchl 

Staff memlbers 01n1 thle Rem1U11n1eratoo1n1 dataset 

The CVA biplots for the nine respective faculties are constructed and equipped with predictive 

biplot axes by means of the R function CVAbipl.alpha.bag, provided by users of R in the 

Department of Statistics and Actuarial Science, Stellenbosch University. However, the CVA 

biplots for male and female C1 staff members cannot be constructed by the same function, 

because for g =2 groups the canonical space will have only one dimension without a unique 

second biplot scaffolding axis. The R function CVAbipl.2groups.alpha.bag.nj, provided by users of 

R in the Department of Statistics and Actuarial Science, Stellenbosch University, address this 

problem by performing a PCA on the sample points in the orthogonal complement of v1 . This 

function constructs a modified second eigenvector v * that can be chosen as the unique 

orthogonal complement of v1 . The details of this procedure were discussed in section 4.3.5. Note 

that both of these functions provide the user with the option to display the alpha-bags along with 

the predictive axes and the group means. The first argument in each function is a data matrix 

consisting out of the variables in the remuneration dataset (as columns) and the staff members (as 

rows). The second argument in each function is an indicator matrix indicating the faculty or gender 

of each staff member. A third argument, a, indicates what proportion of the inner most data points 

should be enclosed by the depth contour, alpha-bag, of each group. The CVA biplots in the next 

section will optimally separate male and female C1 staff members as well as the nine different 

faculties in the remuneration dataset. This enables a thorough investigation of the amount of 

separation and overlap among the two groups of staff members and among the nine faculties. 

Note that it will not be meaningful to separate male and female staff members in the Faculties of 

Theology and Engineering, because there are only three female staff members in the Faculty of 

Engineering for 2002 and 2005, and only one female staff member in the Faculty of Theology for 

2005. 
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4.3.8.1 CVA IBi!Plots for the None IFacu..umes 

Figure 4.3.31 presents the CVA biplot of the nine faculties in the remuneration dataset for 2002. 

The individual observations for each faculty are shown as points in the two-dimensional display. 

However, the multidimensional spread of the points for each faculty is concealed by over-plotting. 

Therefore it is not possible to differentiate between the regions occupied by the observations from 

each faculty. To overcome this difficulty a CVA biplot with 90% alpha-bags superimposed for each 

of the nine faculties are constructed in Figure 4.3.32. Note that alpha-bags with a=0.9 were 

constructed. The bag for the faculty of Theology does not overlap with all the faculties in 2002, but 

it must be taken into account that this faculty has very few C1 staff members compared to the 

other faculties. Furthermore, the univariate boxplots of Figure 3.2.1 O (a) indicate that most of the 

C1 staff members in the Faculty of Theology were located in the age categories above 50 years for 

2002. The alpha-bag for the Faculty of Theology for 2005 overlaps with the bags of all the other 

faculties. Figure 4.3.32 is constructed with predictive axes and the nine canonical means are also 

shown. The canonical means are indicated by a square, while the Tukey medians are indicated by 

a circle with a cross in the centre. These mean values can be found accurately from the CVA 

biplot by projecting it orthogonally onto the predictive axes, and reading of the values on each of 

these axes. Unfortunately some of the sample means and Tukey medians are over-plotted which 

make it difficult to distinguish between them. 

Inspection of the 90% alpha-bags in Figure 4.3.32 reveal that the Faculties of Health Sciences, 

Economic and Management Sciences, Engineering and Arts show a tendency to lie in the direction 

of higher values on the remuneration axis and lower values on the academic qualification and 

rank axes. The lower ranks and academic qualifications agree with the fact that these are the only 

faculties that have appointed C1 staff members with undergraduate diplomas and undergraduate 

First Bachelor's degrees in 2002. The Faculties of Theology, Arts, Education and Law show the 

tendency to lie in the direction of higher values on the research output and age axes. Note that 

these four faculties have the highest mean values on the research axis, while the Faculties of 

Education and Theology have the highest mean values on the age axis. The latter is also 

reflected by the univariate boxplots in Figure 3.2.10 (a), and Table A.6 (cf. Appendix A) reflects 

that C1 staff members in the Faculties of Arts, Education, Law and Theology have produced the 

highest average research outputs from 2002 to 2005. Furthermore, it is clear that the mean values 

of all the faculties with respect to the academic qualification, rank and remuneration axes lie very 

close to each other. The Faculty of Health Sciences is the only faculty with a much higher mean 

value on the remuneration axis, and a much lower mean value on the academic qualification and 

rank axes than the other faculties. 

The CVA biplot of the nine faculties in the 2005 remuneration dataset with 90% alpha-bags 

superimposed appears in Figure 4.3.33. Note that the research outputs indicated on this graph is 

the average research output for each staff member from 2002 to 2005, while the research outputs 

indicated on the biplot in Figure 4.3.32 include only the research outputs for 2002. This biplot 

shows that the alpha-bags of the Faculties of Law, Theology and Education tend to include higher 
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values on the research output axis, while the mean values for the research outputs of the Faculties 

of Education and Theology are clearly higher than the mean values of the other faculties. The 

mean research output values of the Faculties of Health Sciences and Economic and Management 

Sciences are the lowest. This result is also reflected in Table A.6 (cf. Appendix A). The alpha

bags for the Faculties of Health Sciences and Economic and Management Sciences tend to 

include higher values on the remuneration axis and their mean values on this axis are also the 

highest. Note that the alpha-bags of the Faculties of Health Sciences, Arts and Economic and 

Management Sciences tend to include the lowest values on the academic qualification axis. This 

is because these are the only faculties that have appointed C1 staff members with undergraduate 

diplomas and undergraduate First Bachelor's degrees for 2005. Furthermore, the Faculties of 

Health Sciences, and Arts tend to include the lowest values on the rank axis and according to 

Tables A.4.2 and A.4.10 (cf. Appendix A) the Faculties of Arts and Health Sciences appointed the 

largest number of Junior Lecturers for 2005. The Faculties of Health Sciences, Arts, Education 

and Theology have the highest mean values on the age axis for 2005. 

4.3.8.2 CVA IBiplots foll" Male aind IFema~e Teaclhloing/IReseaD"cihl Staff 

memlbeD"s 

Figures 4.3.34 and 4.3.35 present the CVA biplots with 50% alpha-bags for male and female C1 

staff members at the University for 2002 and 2005. The 50% alpha-bags for male and female staff 

members in these figures reveal that male staff members show the tendency to lie in the direction 

of higher values of the remuneration, research, rank, age and academic qualification variables. 

Note that the class means for male and female staff members can be found accurately from the 

CVA biplots by projecting the canonical means orthogonally onto the predictive axes, and reading 

off the values on each of the axes. The canonical means are indicated by a black circle, while the 

Tukey medians are indicated by a circle with a cross in the middle. It is clear that the class means 

for male staff members lie away from the class means for female staff members, in the direction of 

larger values for each of the respective variables for the 2002 and 2005 biplots. 
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Figure 4.3.31: CVA biplot indicating the sampling units in each of the nine faculties in the 

remuneration dataset for 2002. 
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Figure 4.3.32: CVA biplot with 90% alpha-bags superimposed for each of the nine faculties in the 

remuneration dataset for 2002. 
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Figure 4.3.33: CVA biplot with 90% alpha-bags superimposed for each of the nine faculties in the 

remuneration dataset for 2005. 

The 50% alpha-bags for male and female staff members show a high degree of overlap for 2002 

and 2005. Male staff members are separated the best from female staff members for 2002 in the 

direction of remuneration, rank, research output and academic qualification, while age also provide 

moderate separation. For 2005 the largest separation between male and female staff members 

occur in the direction of rank and research output. The alpha-bag of female staff members for 

2005 shows a lot more variation and overlap with the alpha-bag for male staff members. The 

alpha-bags for both male and female staff members have larger values on the remuneration axis 

for 2005 than 2002, reflecting the increase in remuneration. Note that the bag for female staff 

members has slightly larger values on the age, academic qualification, rank and research output 

axis for 2005 than for 2002. The bags for male staff members clearly reflect the decline in the 

number of male staff members with doctoral degrees and with the rank of professor from 2002 to 

2005. These results indicate that the gap between male and female staff members has decreased 

slightly from 2002 to 2005, especially in the direction of the variables remuneration and academic 

qualification. 

Inspection of the 50% alpha-bag for male staff members for 2002 indicates that male staff 

members mainly have remuneration values between R200 000 and R350 000, rank values 

between 2 and 5, age values between 40 and 60 years, academic qualification values between 6 

and 9 and research output values between 0 and 1.5. The 50% alpha-bag for female staff 

members for 2002 indicates that female staff members mainly have remuneration values between 

R100 000 and R250 000, rank values between 1 and 4, age values between 35 and 55 years, 

academic qualification values between 5 and 8 and research output values between 0 and 1. 

Similarly, the 50% alpha-bags for male staff members for 2005 indicates that male staff members 

mainly have remuneration values between R250 000 and R400 000 and academic qualification 
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values between 6 and 8.5, while the boundaries of the bag with respect to the other variables 

remained approximately the same for 2005. The 50 % alpha-bag for female staff members for 

2005 mainly have remuneration values between R100 000 and R350 000, academic qualification 

values between 6 and 8, age values between 35 and 50 years and rank values between 2 and 4, 

while the boundary of the bag with respect to research output remained approximately the same. 

The two variables, research and rank in Figure 4.3.35 are nearly coincident, suggesting a relative 

high correlation between the two variables. Table A.7.1 (cf. Appendix A) indicates that the true 

correlation between rank and research is 0.50, which is one of the highest correlations between 

any pair of variables in the dataset. Furthermore, the variables academic qualification, 

remuneration and age also lie in a similar direction and are therefore positively correlated with one 

another for 2005. 
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FIGURE 4.3.34: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 

and female C1 staff members at the University for 2002. 
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FIGURE 4.3.35: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 

and female C1 staff members at the University for 2005. 
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The CVA biplots with 50% alpha-bags for the Faculty of Arts are shown in Figures 4.3.36 and 

4.3.37, displaying the deepest 50% of each group of staff members. The 50% alpha-bags in 

Figures 4.3.36 and 4.3.37 show a high degree of overlap which means that a substantial number 

of male and female staff members have similar properties with respect to each of the variables. 

Once, again the 50% bag for male staff members shows the tendency to lie in the direction of 

higher values on the remuneration, rank, academic qualification, research output and age axes. If 

the canonical means for male and female staff members are projected orthogonally onto the 

predictive axes it is clear that the class means for male staff members lie in the direction of larger 

values for each of the respective variables. 

The bags for both male and female staff members in Figures 4.3.36 and 4.3.37 are larger in 2005 

than 2002 which indicates that there might be more variation in the observations relative to the 

mean. It is also clear that the bags for 2002 show larger separation in 2002 than in 2005. This 

can be attributed to the bag for female staff members that correspond to higher values on the 

academic qualification, rank, age and research output axes in 2005 than 2002. The two groups of 

staff members are separated optimally in the direction of the variables remuneration, academic 

qualification, research output and age for 2005. However, the distance between the mean values 

of male and female staff members remained approximately the same in 2005. The 50% alpha-bag 

of male staff members for 2002 indicates that they mainly have remuneration values ranging 

between R150 000 and R300 000, age values ranging between 40 and 55 years, academic 

qualifications ranging between 6 and 9, rank values ranging between 2 and 5 and research 

output values ranging between 0 and 1.5. Similarly for female staff members, it can be said, that 

they mainly have remuneration values ranging between R100 000 and R250 000, age values 

ranging between 40 and 50 years, academic qualification values ranging between 6 and 8, rank 

values ranging between 1 and 4 and research output values ranging between 0 and 1 for 2002. 

For 2005, the bag for male staff members lies between R200 000 and R400 000 on the 

remuneration axis, between 6 and 8.5 on the academic qualification axis, while the boundaries 

with respect to the other axes remain approximately the same. The alpha-bag for female staff 

members for 2005 lies between R150 000 and R350 000 on the remuneration axis, 6 and 8.5 on 

the academic qualification axis, 40 and 55 years on the age axis and between O and 1.5 on the 

research output axis. The location of the bag with respect to rank has a lower boundary of 2 and 

an upper boundary slightly below 5, reflecting an increase in the number of female staff members 

promoted to the higher ranks of associate professor and professor. 

In 2005 there are two pairs of variables whose axes nearly coincide: they include remuneration 

and age (0.49) and, academic qualification and research (0.39). The true correlation between 

these variables is indicated in brackets. Note that the direction of all the variables is the same and 

therefore the positive correlations in Table A. 7.5 (cf. Appendix A) are reflected by the biplot. 
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FIGURE 4.3.36: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 
and female C1 staff members in the Faculty of Arts for 2002. 
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FIGURE 4.3.37: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 
and female C1 staff members in the Faculty of Arts for 2005. 
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The CVA biplots for male and female staff members in the Faculty of Science appear in Figures 

4.3.38 and 4.3.39. The 50% alpha-bags show that the remuneration and rank axes provide larger 

separation between male and female staff members than the other variables for 2002, while they 

are separated quite well with respect to all the variables in 2005. Note that the degree of overlap 

provided by the 50% alpha-bags for the Faculty of Science in 2005 is much smaller than the 

overlap of the alpha-bags for the other faculties, except for the Faculty of Health Sciences. The 

univariate notched boxplots of Figures 3.2.8 (b) and 3.2.12 (b) indicated a significant difference 

between the remuneration and age distributions of male and female staff members. This 

difference is confirmed by the CVA biplots, but the multivariate distributions represented by the 

biplots also indicate a significant difference between male and female staff members with respect 

to the variables rank, academic qualification as well as research output for 2002 and 2005. 

Furthermore, the mean values for male and female staff members have not moved significantly 

closer to each other in 2005. The 50% bag for male staff members shows the tendency to lie in 

the direction of higher values on the axes in the remuneration dataset. Examining the 50% alpha

bag for male staff members for 2002 indicates that male staff members mainly have remuneration 

values between R180 000 and R300 000, academic qualification values between 7.5 and 8.5, rank 

values between 2 and 5, age values between 40 and 55 and research output values between 0 

and 1. In 2005 the alpha-bag for male staff members lies approximately between R200 000 and 

R400 000 and between the research output values 0 and 1.5, while the location of the other 

variables remained approximately the same. The 50% alpha-bag for female staff members for 

2002 mainly has remuneration values between R120 000 and R250 000, academic qualification 

values between 7 and 8, rank values between 1 and 3, age values between 35 and 50 years, and 

research output values between O and 1. In 2005 the bag for female staff members lies 

approximately between R150 000 and R300 000, and between the rank values 1 and 4. Note that 

the upper boundary of the bag for female staff members on the remuneration axis is lower than the 

upper boundaries of the bags for female staff members in the Faculties of Arts, Education, Law 

and Economic and Management Sciences for 2005. This result suggests that female staff 

members in the Faculty of Science tend to earn less than female staff members in these faculties. 

The upper boundary on the rank axis is lower than the upper boundaries for the Faculties of Arts, 

Education and Law. Therefore female staff members in the Faculty of Science tend to have lower 

ranks than female staff members in the Faculties of Arts, Education and Law. 

In 2005 there are three variables whose axes nearly coincide: they include age, research and, 

rank. However, the true correlation between research and age is only 0.11. This is because CVA 

biplots are mainly constructed to maximize class separation and therefore axes do not always 

indicate the true correlations between variables accurately. The correlations between research 

and rank (0.45), age and rank (0.54), and rank and research (0.45) are high, with the true 

correlation between these variables indicated in brackets for 2005. Note that the direction of all 

the variables is the same for 2005 and therefore they are all positively correlated. Remuneration 

and rank is once again highly correlated with a correlation of 0.90 between these two variables for 

2005. 
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FIGURE 4.3.38: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 

and female C1 staff members in the Faculty of Science for 2002. 
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FIGURE 4.3.39: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 

and female C1 staff members in the Faculty of Science for 2005. 
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Figures 4.3.40 and 4.3.41 are CVA biplots with 50% alpha-bags superimposed, for male and 

female staff members in the Faculty of Education. Inspection of Figures 4.3.40 and 4.3.41 reveal 

that the observed mean for male staff members corresponds to higher values on the remuneration, 

academic qualification, rank, age and research output axes for 2002 as well as 2005. The means 

for male and female staff members have increased substantially from 2002 to 2005 with respect to 

the variable remuneration. It is also clear that the bags for male staff members tend to include 

larger values on each of the variable axes for 2002 and 2005. The overlap of the bags for 2002 is 

very small and therefore all the variables discriminate well between male and female staff 

members. However, in 2005 the boundaries of the bag for female staff members tend to include 

larger values on each of the axes, causing the degree of overlap to increase. Note that the means 

for male and female staff members also moved closer to each other from 2002 to 2005, except for 

the means of the research output variable. Therefore the discrimination between male and female 

staff members with respect to these variables has decreased from 2002 to 2005. The variables 

remuneration, age and research output discriminate well between male and female staff members 

in 2005. 

The values of male staff members for 2005 are mainly ranging between R180 000 and R300 000 

on the remuneration axis, O and 2.5 on the research output axis, 7.5 and 8.5 on the academic 

qualification axis, 45 and 60 on the age axis, and 2 and 5 on the rank axis. Note that the values of 

remuneration and age for male staff members have changed to the following values in 2005: 

remuneration values are mainly ranging between R200 000 and R400 000, and age values are 

mainly ranging between 50 and 60 years. The deepest 50% of observations for male staff 

members with respect to the other variables remained approximately the same for 2005. For 

female staff members the boundaries of the 50% alpha-bag for 2002 range approximately from 

R150 000 to R200 000 on the remuneration axis, 7 to 8 on the academic qualification axis, 1.5 to 

3.5 on the rank axis, 45 to 55 on the age axis, and 0 to 1 on the research output axis. These 

upper boundaries of the bag for female staff members have increased substantially from 2002 to 

2005 with respect to the variables remuneration and rank. For 2005 the bag for female staff 

members is approximately located between the following values: R200 000 and R350 000 on the 

remuneration axis, 0 and 2 on the research output axis, 1 and 5 on the rank axis, 45 and 55 on the 

age axis, and 7 to 8 on the academic qualification axis. These boundaries give an indication of the 

difference between male and female staff members with respect to each of the variables and 

confirm the suggestion that male staff members have larger values on each of the axes. The 

boundaries of the bag for female staff members suggest that female staff members in the Faculty 

of Education produced higher research outputs than female staff members in the Faculties of Arts, 

Science, AgriSciences, Economic and Management Sciences and Health Sciences. The biplot 

also suggests that male staff members in the Faculty of Education produced higher research 

output values than male staff members in the Faculties of Arts, Science, AgriSciences, Economic 

and Management Sciences and Health Sciences. 
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FIGURE 4.3.40: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 

and female C1 staff members in the Faculty of Education for 2002. 
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FIGURE 4.3.41: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 

and female C1 staff members in the Faculty of Education for 2005. 

209 

Stellenbosch University  https://scholar.sun.ac.za



210 

According to the inter-correlations reflected in Table A.7.7 (cf. Appendix A) all of the variables are 

positively correlated for 2005. This result is reflected in the biplot by the axes that lie in the same 

direction. Note that the large angles between age and remuneration and between age and rank in 

Figure 4.3.41 reflects the small correlations of 0.23 and 0.16 between these variables respectively, 

while the small angle between remuneration and rank reflects the large correlation of 0.94 

between these variables. 

Figures 4.3.42 and 4.3.43 present the CVA biplots for C1 staff members in the Faculty of 

AgriSciences for 2002 and 2005. Note that the 2002 dataset shows greater separation between 

male and female staff members than the 2005 dataset, which can mainly be attributed to the fact 

that there were only 13 female C1 staff members in the Faculty of AgriSciences in 2002. However, 

the number of female staff members increased to 21 in 2005 which could have caused a 

substantial increase in the size of the bag and accordingly an increase in the overlap. Figures 

4.3.42 and 4.3.43 indicate that each of the variables separate the two groups of staff members. 

Therefore the mean values for male staff members are higher than the means for female staff 

members for 2002 and 2005 with respect to each of the variables, and male staff members tend to 

have higher values on each of the variables. However, the figures also clearly indicate that the 

means for male and female staff members moved closer to each other in 2005 and the bag for 

female staff members tend to include higher values on each of the axes. 

The deepest 50% of male staff members mainly have values between the following boundaries for 

2002: R150 000 and R300 000 on the remuneration axis, 0 and 0.8 on the research axis, 2 and 5 

on the rank axis, 35 and 60 on the age axis, and 6 and 8.5 on the academic qualification axis. In 

2005 the boundaries for remuneration and research output changed to the following values, while 

the boundaries for the other variables remained approximately the same: R200 000 and R400 000 

on the remuneration axis, and O and 1.5 on the research output axis. The deepest 50% of female 

staff members have the following boundaries on each of the axes for 2002: R150 000 and R200 

000 on the remuneration axis, 0.2 and 0.4 on the research output axis, 2 and 4 on the rank axis, 

35 and 45 on the age axis, and 7.5 and 8 on the academic qualification axis. In 2005 these 

boundaries changed to the following values: R150 000 and R300 000 on the remuneration axis, 0 

and 0.5 on the research output axis, 7 and 8.5 on the academic qualification axis. The boundaries 

for the rank axis remained the same in 2005. Note that the upper boundary of the bag for female 

staff members on the remuneration axis for 2005 is lower than the upper boundaries on the 

remuneration axis for the Faculties of Arts, Education, Law and Economic and Management 

Sciences. Therefore female staff members in the Faculty of AgriSciences tend to earn less than 

female staff members in these faculties for 2005. The upper boundary on the research output axis 

for 2005 is also lower than the upper boundaries on this axis for female staff members in the 

Faculties of Arts, Education and Law. Therefore female staff members in the Faculty of 

AgriSciences tend to produce lower research output values than female staff members in the 

Faculties of Arts, Education and Law. The upper boundary on the rank axis also suggests that 

female staff members in the Faculty of AgriSciences have lower ranks than female staff members 

in the Faculties of Arts, Eduction and Law for 2005. 
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FIGURE 4.3.42: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 

and female C1 staff members in the Faculty of AgriSciences for 2002. 
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FIGURE 4.3.43: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 

and female C1 staff members in the Faculty of AgriSciences for 2005. 
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All the variables in figure 4.3.43 lie approximately in the same direction and therefore the inter

correlations reflected in Table A.7.8 (cf. Appendix A) are all positive. Note that the large angle 

between age and academic qualification in 2005 reflects the small true correlation of 0.31 between 

these variables. However, the small angle between academic qualification and research output 

does not reflect the true correlation of 0 .16 between these variables. 

The CVA biplots for C1 staff members in the Faculty of Law are displayed in Figures 4.3.44 and 

4.3.45. Note that there are only 21 male and 7 female C1 staff members in the Faculty of Law for 

2002. Therefore an alpha-bag could not be constructed for female staff members in this faculty for 

2002. Instead a convex hull was constructed for female staff members and the area where the 

observations are concentrated are enclosed by removing two outliers from the dataset. Note that 

there are nearly no overlap between male and female staff members in 2002, while the bags for 

2005 show a high degree of overlap. Male C1 staff members tend to be associated with higher 

values on the axes of all the variables, while the mean values for male staff members are clearly 

higher on all the variables for 2002 and 2005. However, Figure 4.3.45 clearly indicates that the 

upper boundaries of the bag for female staff members include higher values on the axes of each of 

the variables for 2005. The mean values for male and female staff members are also located 

closer to each other in 2005 than 2002. 

Figure 4.3.44 indicates that male and female staff members are separated optimally in the 

directions of the remuneration and academic qualification axes in 2002, while they are separated 

optimally in the directions of the remuneration and age axes in 2005. The values enclosed by the 

convex hull for female staff members in 2002 are located approximately between the following 

values: R100 000 and R250 000 on the remuneration axis, 5 and 7 on the academic qualification 

axis, 20 and 40 on the age axis, 0 and 1.5 on the research output axis, and between 1 and 4 on 

the rank axis. The deepest 50% of the values for male staff members in the remuneration dataset 

for 2002 are located approximately between the following values: R150 000 and R350 000 on the 

remuneration axis, 6 and 8.5 on the academic qualification axis, 30 and 55 on the age axis, 0 and 

4 on the research output axis, and 2 and 6 on the rank axis. These boundaries of the alpha-bag 

for male staff members remained approximately the same for 2005 with only the boundaries for 

remuneration that changed to R200 000 and R500 000, and the boundaries for research output 

that changed to 0 and 2.5. In 2005 the deepest 50% of the values for female staff members lie 

between the following values: R200 000 and R350 000 on the remuneration axis, 30 and 45 on the 

age axis, 6 and 8 on the academic qualification axis, 0 and 2 on the research output axis, and 2 

and 5 on the rank axis. Note that the upper boundaries for both male and female staff members 

on the research output axis are clearly higher than the upper boundaries on the research output 

axis for male and female staff members in the Faculties of Arts, Science, AgriSciences, Economic 

and Management Sciences and Health Sciences. Therefore C1 staff members in the Faculty of 

Law tend to produce higher research outputs than staff members in the Faculties of Arts, Science, 

AgriSciences, Economic and Management Sciences and Health Sciences for 2005. The biplot 

also suggests that there is a substantial difference between the upper boundaries on the 
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FIGURE 4.3.44: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 

and female C1 staff members in the Faculty of Law for 2002. 
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FIGURE 4.3.45: CVA biplot with 50% alpha-bags indicating the overlap and separation of male and 

female C1 staff members in the Faculty of Law for 2005. 
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remuneration axis for male and female staff members. This reveals that male staff members tend 

to earn substantially more than female staff members for 2005. 

All the variables for 2005 lie in the same direction, reflecting the positive inter-correlations in Table 

A.7.9 (cf. Appendix A). The correlations between remuneration and age (0.81) and between 

remuneration and rank (0.83) are the highest. The values in brackets indicate the true 

correlations. Furthermore, the axes of age and rank nearly coincide, reflecting the high correlation 

of 0.77 between these variables. Again, it must be taken into account that the main purpose of 

CVA biplots is to optimally separate different groups or classes. Therefore the correlations 

indicated by the angles between variables are only approximate. 

The CVA biplots for C1 staff members in the Faculty of Economic and Management Sciences 

appear in Figures 4.3.46 and 4.3.47. The 50% alpha-bags added to the biplots indicate clearly 

that male staff members tend to be located around higher values on the remuneration, academic 

qualification, research output, age and rank axes for 2002 and 2005. Note that the difference 

between the canonical means for male and female staff members remained approximately the 

same from 2002 to 2005, with the mean for male staff members located around higher values for 

each of the variables. However, the 50% alpha-bags for the 2005 biplot show a higher degree of 

overlap. 

The two groups of staff members are separated optimally in the direction of the research and rank 

axes. The bag for male staff members lies approximately between the following values for 2002: 

R150 000 and R350 000 on the remuneration axis, 2 and 5 on the rank axis, 0 and 1 on the 

research output axis, 6 and 8.5 on the academic qualification axis, and 30 and 60 on the age axis. 

The bag for female staff members lies approximately between the following values for 2002: 

R1500 00 and R300 000 on the remuneration axis, 1 and 4 on the rank axis, 0 and 0.5 on the 

research output axis, 6 and 7.5 on the academic qualification axis, and 30 and 50 on the age axis. 

In 2005 the boundaries of the bag for male staff members remained approximately the same, 

except for the boundaries on the remuneration axis that changed to R250 000 and R450 000, 

suggesting that the remuneration of male staff members increased substantially from 2002 to 

2005. For female staff members only the boundaries on the remuneration and age axes changed 

from 2002 to 2005. The boundaries on the remuneration axis changed to R200 000 and R350 

000, while the boundaries on the age axis changed to 30 and 45 years. This suggests that female 

staff members tend to earn higher salaries in 2005 and they tend to be younger. The latter is 

mainly caused by an increase in the number female staff members in the age categories 30 to 39 

years. It is also noteworthy that the number of female staff members in the age categories 50 to 

65 have decreased from 2002 to 2005, reflected by Table A.2.7 (cf. Appendix A). 

The axes of the variables remuneration, rank, academic qualification, and research output lie in 

the same direction for 2005. This result indicates positive correlations between these variables 

which are also reflected by the inter-correlations between these variables in Table A.7.11 (cf. 

Appendix A). Note that the variables research and rank coincide, and the true correlation of 0.51 

between these variables are among the highest in Table A. 7 .11 (cf. Appendix A). 
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FIGURE 4.3.46: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 

and female C1 staff members in the Faculty of Economic and Management 

Sciences for 2002 . 

.c ~ 
u c .._ ro 
lB 0:: 
(/) 
Q) 

0:: 

+ Male 

cc 
00 :;:::;:: 
ro ro .... u 
~~ 
::::i ro 
E ::::i 
wO 

0:: <( 

~ Female 

FIGURE 4.3.47: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 

and female C1 staff members in the Faculty of Economic and Management 

Sciences for 2005. 

Stellenbosch University  https://scholar.sun.ac.za



216 

The CVA biplots with 50% alpha-bags superimposed, for the Faculty of Health Sciences, are 

constructed in Figures 4.3.48 and 4.3.49. Note that the 50% alpha-bags show a very low degree 

of overlap for 2002 and 2005. Furthermore, male staff members show the tendency to lie in the 

direction of higher values on the remuneration, age, rank, research output and academic 

qualification axes. The difference between the mean values for male and female staff members 

remained approximately the same from 2002 to 2005, with the mean values for male staff 

members clearly located around higher values for each of the variables. Note that the distance 

between the mean values is also much larger than distances between the mean values of the 

other faculties. The significant difference between the remuneration and age distributions 

reflected by the univariate notched boxplots in Figures 3.2.8 (i) and 3.2.12 (i) is confirmed by the 

CVA biplots and the multivariate distributions also indicates significant differences between the 

academic qualifications, ranks and research outputs of male and female staff members. 

Although male and female staff members are separated quite well by all the variables, the 

remuneration variable provides the best separation. The 50% alpha-bag for female staff members 

lies approximately between the following boundaries for 2002: R100 000 and R300 000 on the 

remuneration axis, 4 and 7 on the academic qualification axis, 35 and 50 on the age axis, 0 and 

0.3 on the research output axis, and 1 and 4 on the rank axis. The deepest 50% of values for 

male staff members range approximately between the following values for 2002: R250 000 and 

R500 000 on the remuneration axis, 6 and 9 on the academic qualification axis, 45 and 60 on the 

age axis, 0.2 and 0.8 on the research output axis, 2 and 6 on the rank axis. The boundaries of the 

bag for male staff members remained approximately the same for 2005, except for the boundaries 

on the remuneration axis. These boundaries changed to R300 000 and R600 000 in 2005. For 

female staff members the boundaries with respect to the remuneration and research output 

variables changed to R100 000 and R350 000, and 0 and 0.4 respectively for 2005. These results 

suggest that the remuneration of male staff members increased substantially from 2002 to 2005. 

Note that the upper boundary of the bag for male staff members on the remuneration axis is higher 

than the upper boundaries on the remuneration axis for male staff members in the Faculties of 

Arts, Science, Education, AgriSciences, Law and Economic and Management Sciences. The low 

upper boundaries on the research output axis for both male and female staff members suggest 

that the research outputs of C1 staff members in the Faculty of Health Sciences is lower than the 

research outputs of C1 staff members in several of the other faculties. 

Finally, all the axes in Figure 4.3.49 lie in the same direction and therefore reflect the positive inter

correlations in Table A.7.13 (cf. Appendix A). 
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FIGURE 4.3.48: CVA biplot with 50% alpha-bags indicating the overlap and separation of 

male and female C1 staff members in the Faculty of Health Sciences for 

2002. 
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FIGURE 4.3.49: CVA biplot with 50% alpha-bags indicating the overlap and separation of 

male and female C1 staff members in the Faculty of Health Sciences for 

2005. 
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CVA Bi!Plots for !Professors, Associate Professors, Senior 

Lecturers, Lecturers, J11.mior lecturers andl Otlhers 

The CVA biplots with 50% alpha-bags for Lecturers, Junior Lecturers and Others are displayed in 

Figures 4.3.50 and 4.3.51. The 50% alpha-bags for male and female C1 staff members show a 

high degree of overlap in 2002 that decreases towards 2005. This means that the gap between 

male and female staff members with respect to each of the variables increased from 2002 to 2005. 

These two groups of staff members are well separated by the remuneration and academic 

qualification variables in 2002, while the latter as well as the research ouput variable separate the 

groups well in 2005. Male staff members tend to earn more than female staff members, and tend 

to have higher academic qualifications than female staff members for 2002. The biplot for 2005 

shows that this tendency has increased in 2005 as well as the tendency for male staff members to 

produce more research outputs than female staff members. Furthermore, the axis for the age 

variable shows that the age distributions of male and female staff members are approximately the 

same. These results are also confirmed by the locations of the means of the variables. Note that 

the difference between the means for each of the variables remained approximately the same from 

2002 to 2005. 

The boundaries of the 50% alpha-bag for female staff members for 2002 are ranging between the 

following values: R100 000 and R220 000 on the remuneration axis, 4 and 8 on the academic 

qualification axis, 30 and 50 on the age axis, 0 and 0.5 on the research output axis. The deepest 

50% of values for male staff members range approximately between the following values for 2002: 

R140 000 and R220 000 on the remuneration axis, 6 and 8 on the academic qualification axis, 30 

and 50 on the age axis, 0 and 0.5 on the research output axis. The boundaries of the bag for male 

staff members changed to the following values for 2005, R180 000 and R280 000 on the 

remuneration axis, 30 and 55 on the age axis, 6 and 8.5 on the academic qualification axis, and 

the boundaries for the research output variable remained the same. For female staff members the 

boundaries with respect to the remuneration variable changed to R150 000 and R250 000, while 

the boundaries of the other variables remained approximately the same. These results indicate 

that only the lower boundary of the bag for female staff members differs substantially from the 

lower boundary of the bag for male staff members for 2002 and 2005. The difference between the 

other boundaries is not that large. The CVA biplots also suggest that the boundaries of the bags 

for Lecturers, Junior Lecturers and Others differ substantially from the boundaries of the bags for 

Senior Lecturers. Senior Lecturers tend to be older, earn higher salaries, produce more research 

outputs and tend to have higher academic qualifications. 

Note that the variable research output and the variables age and remuneration lie in opposite 

directions for 2002 and 2005. This indicates that research output is uncorrelated with age and 

remuneration. The true correlation between research output and age for 2005 is 0.02, and 

between research output and remuneration it is 0.01, reflected in Table A.7.14 (cf. Appendix A). 

Furthermore, the axes of the two pairs of variables research output and academic qualification, 

and remuneration and age nearly coincide for 2005, reflecting a positive correlation between them. 
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FIGURE 4.3.50: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 

and female Lecturers, Junior Lecturers and Others for 2002. 
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FIGURE 4.3.51: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 

and female Lecturers, Junior Lecturers and Others for 2005. 
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Figures 4.3.52 and 4.3.53 present the CVA biplots of Senior Lecturers for 2002 and 2005. The 

50% alpha-bags superimposed on these graphs show a large degree of overlap for 2002 and 

2005. This indicates that the gap between male and female senior lecturers with respect to each 

of the variables is small. Male staff members tend to have higher values on all the axes for 2002, 

while the values for male and female staff members on the academic qualification and research 

output axes for 2005 are approximately the same. Note that the means of the variables academic 

qualification and research output for male and female Senior Lecturers are approximately the 

same, while there is only slight difference between these means with respect to the variables 

remuneration and age for 2002 and 2005. The means for male staff members tend to be higher 

for the remuneration and age variables. It is also these two variables that separate the two groups 

well. The 50% alpha-bag for female staff members lies approximately between the following 

values for 2002: R180 000 and R250 000 on the remuneration axis, 40 and 55 on the axis, 0 and 1 

on the research output axis, and 7 and 8 on the academic qualification axis. The boundaries of 

the alpha-bag for male staff members for 2002 are ranging between R200 000 and R250 000 on 

the remuneration axis, 40 and 55 on the age axis, 7 and 8 on the academic qualification axis, and 

·o and 1 on the research output axis. In 2005 the boundaries of the alpha-bag for male staff 

members changed to approximately R240 000 and R320 000 on the remuneration axis, 7 and 8.5 

on the academic qualification axis, 40 and 50 on the age axis, and 0 and 1 on the research output 

axis. The boundaries of the alpha-bag for female staff members for 2005 are approximately R200 

000 and R300 000 on the remuneration axis, 40 and 50 on the age axis, while the boundaries with 

respect to the other variables remained approximately the same. Again, these results indicate that 

there is not a substantial difference between the boundaries of the bags for male and female staff 

members. The CVA biplots of Figures 4.3.54 and 4.3.55 suggest that the alpha-bags for 

Associate Professors and Professors include higher values than the bags for Senior Lecturers. 

The boundaries of the bags for Associate Professors and Professors differ substantially from the 

boundaries of the bags for Senior Lecturers with respect to the remuneration and research output 

variables. These results suggest that the bags for Associate Professors and Professors include 

higher values on the axes of each of the variables and that rank has a large influence on the 

remuneration and research output variables. 

Again, positive correlations are reflected by the biplots for 2002 and 2005 between the variables 

age and remuneration and between the variables research output and academic qualification. 

Furthermore, Table A. 7 .15 indicates that the variable research output is uncorrelated with the 

.variables remuneration and age for 2005. 
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FIGURE 4.3.52: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 

and female Senior Lecturers for 2002. 
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FIGURE 4.3.53: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 

and female Senior Lecturers for 2005. 
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The CVA biplots of male and female Associate Professors and Professors for 2002 and 2005 

appear in Figures 4.3.54 and 4.3.55. These figures reveal a high degree of overlap. Nonetheless 

the 50% alpha-bags indicate a definite separation between male and female staff members with 

respect to the age variable for 2002 and 2005, while the separation with respect to the 

remuneration variable is moderate. It is clear that the bag for male staff members tend to include 

higher values than the bag for female staff members on the age axis for 2002 and 2005. The 

location of the bags for male and female staff members with respect to the remuneration variable 

for 2002 are approximately the same, while the bag for male staff members tend to include higher 

values on the remuneration axis for 2005. Note that female Associate Professors and Professors 

are mainly located in the age categories 40 to 55 years for 2002 as well as 2005, while male 

Associate Professors and Professors are mainly located in the age categories 40 to 60 for 2002 

and 45 and 60 for 2005. Furthermore, the research outputs of male and female Associate 

Professors and Professors are approximately located between 0 and 2, with male staff members 

tending to produce slightly higher research outputs in 2005. The mean for male Associate 

Professors and Professors is clearly associated with higher values on the age axis than the mean 

for female Associate Professors and Professors for 2002 and 2005, while the mean for male 

Associate Professors and Professors with respect to the remuneration axis is approximately the 

same as the mean for female Associate Professors and Professors for 2002. In 2005 the mean for 

male Associate Professors and Professors is located slightly higher on the remuneration axis than 

the mean for female Associate Professors and Professors. The means of the research output 

variable for male and female Associate Professors and Professors show the same tendency as the 

means of the remuneration variable. 

The directions of the variables research and academic qualification nearly coincide for 2002 and 

2005, which suggests high correlation between these variables. If the results in Table A.7.16 (cf. 

Appendix A) are studied, it is seen that the correlation between research output and academic 

qualification is 0.17, which is positive, while the correlation between age and remuneration is 0.16. 

However, the small angle between age and research in Figure 4.3.55 is not reflected by a positive 

correlation in Table A.7.16 (cf. Appendix A). The true correlation between research and age for 

2005 is -0.09 and therefore the axes of research output and age that lie in the same direction 

should be interpreted with caution. 
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FIGURE 4.3.54: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 

and female Associate Professors and Professors for 2002. 
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FIGURE 4.3.55: CVA biplot with 50% alpha-bags indicating the overlap and separation of male 

and female Associate Professors and Professors for 2005. 
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The data points for the nine faculties in the PCA biplots were over-plotted, but the 90% alpha-bags 

superimposed on the CVA biplots for the nine faculties made it possible to distinguish between the 

faculties. The 90% alpha-bags on the CVA biplots for the nine faculties reflected a high degree of 

overlap which indicates that the faculties tend to have similar properties with respect to each of the 

variables. The biplots also suggested that the Faculties of Education, Law and Theology attain the 

highest values on the research output axis for 2002 and 2005. The Faculties of Economic and 

Management Sciences and Health Sciences tend to have the lowest mean research output values, 

but they tend to have the highest mean values on the remuneration axis. Together with the 

Faculty of Arts they include the lowest values on the rank and academic qualification axis for 2002 

and 2005. Note that the bags for the Faculties of Arts, Health Sciences, Education and Theology 

include the highest mean values on the age axis. 

The CVA biplots with 50% alpha-bags superimposed reflected approximately the same patterns for 

the multivariate distribution of male and female staff members than the PCA biplots. Both PCA 

and CVA biplots indicated that male staff members tend to be located at higher values with respect 

to each of the variables. The CVA biplots indicated that although the class means for male staff 

members are situated away from the class means for female staff members, in the direction of 

higher values on each of the respective axes for 2002 and 2005, the gap between male and 

female staff members closed slightly from 2002 to 2005. This is reflected by a higher degree of 

overlap in the 50% alpha-bags for 2005 than for 2002. Male and female staff members within 

each of the nine respective faculties are separated well, with the largest gap between male and 

female staff members occurring in the Faculties of Science and Health Sciences. Note that the 

50% alpha-bags for each of the respective faculties indicated that the gap between male and 

female staff members closed from 2002 to 2005, except for the bags of the Faculties of Science 

and Health Sciences. 

The CVA biplots with 50% alpha-bags constructed for Junior Lecturers, Lecturers, Others, Senior 

Lecturers, Associate Professors and Professors suggest that male staff members within each of 

the ranks tend to earn higher salaries than female staff members, tend to produce higher research 

outputs than female staff members, tend to be older, and tend to have higher academic 

qualifications than female staff members for 2005. The biplots also suggested that the rank of a 

C1 staff member has a large influence on the amount of research outputs produced as well as the 

salary that such a staff member receives. Staff members located in the higher ranks tend to 

produce more research outputs, tend to receive higher salaries, tend to be older, and tend to have 

higher academic qualifications. 

Stellenbosch University  https://scholar.sun.ac.za



225 

4.3.9 AOID Biplot 

The CVA biplot as introduced in section 4.3.4 maximally separates groups and classify 

observations from several groups based on a set of predictor variables by maximizing the between 

group variance relative to the within group variance. A one-way MANOVA is a popular inferential 

method for data with group structure that can be complemented by a canonical variate analysis 

(CVA). The difference between a MANOVA and a CVA biplot is discussed in section 4.3.6. The 

CVA biplot can be viewed as a visual display of a MANOVA in a reduced number of dimensions, 

because the between class and pooled within class covariance matrices used for a CVA biplot are 

also employed in performing a MANOVA. Both of these techniques are subject to the assumption 

of equal group covariance matrices. Analysis of distance (AOD) as introduced by Gower and 

Krzanowski (1999) is an alternative inferential method when group covariance matrices differ. 

Assumptions underlying MANOVA are not always satisfied in practice. Typical reasons are that 

the assumptions of normality of observations or homogeneity of dispersion matrices are violated, 

that some data values are missing, that some or all of the variables are discrete, categorical or 

ordinal in form, or that there are fewer observations than variables in the dataset and the 

dispersion matrices are consequently singular. However, AOD inference could be performed on 

datasets for which MANOVA cannot be used since the only assumption is that the distances can 

be calculated between any two samples. Gower and Krzanowski (1999) provided an inferential 

procedure for testing group differences with permutation tests. These authors provide pictorial 

representations of the group means and discuss how to include individual samples on the 

representation. The plots provided by Gower and Krzanowski only display information on the 

samples, but not on the variables. Gardner and Le Roux (2004) constructed the AOD bi plot that 

contains information on both samples and variables and therefore group separation and overlap 

can be further explored as well as the class means. 

4.3.9.1 Analysis o1f dlistai1111ce 

Although there are many datasets with characteristics preventing the application of MANOVA it 

may be still possible to define a dissimilarity measure between the samples points. The 

dissimilarities between the sample points can be viewed as distances and the basic variance 

formula can be written as the sum of squared Euclidean distances among all sample points as 

follows 

l n l n n 

-I(x; -xi= LL(x; -x/. 
n -1 i=I 2n(n -1) i=I j=I 

Gower and Krzanowski (1999) expressed the fundamental analysis of variance (ANOVA) identity 

T (total sum of squares)= W (within sum of squares)+ B (between sum of squares) in terms of 

distances and therefore provided the necessary connections between ANOVA and AOD. Note an 

ANOVA is used to determine whether there are significant differences between two means, but to 
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compare the means of several groups a MANOVA is used to perform an ANOVA on several 

dependant variables simultaneously. A MANOVA form linear combinations of the dependent 

variables which best discriminate among the groups different groups 

Consider a data matrix X: n x p with then observations divided into g groups, of sizes n1,n 2 , •.. ,ng. 

The grouping can be indicated by the indicator matrix G : n x g with the ij -th element equal to 1 if 

observation i is in class j and zero otherwise. With N = diag( n1,n 2 , ..• ,ns) the diagonal matrix that 

contains the group sizes the matrix of class means is given by X = N-
1
G TX . Let D:n x n be the 

p 

matrix with i-th elment dih = .!_5~h where 8ih = L (xik - xhk )
2 is the Euclidean distance between 

2 k=l 

the i - th and h -th observations. Then the sum of all the squared distances between samples xi 

and xh is twice T = .!_l'n Dl'n (Gardner and Le Roux, 2004) where 1" denotes a n xl vector of 
n 

ones. 

Since the individuals are divided into g groups, the matrix D can be partitioned into g
2 

submatrices, D,
5 

( r,s=l, ... ,g) where Drs contains the squared distances (divided by two) between 

each sample in the r-th group and each sample in the s-th group. Then the within sum of squared 

g 

distances is given by W = "_!__ 1' . 0
11 
.. 1' . . Let ~ :g x g denote the matrix with rs -th element 

~n- "J 0
1 

j=I J 

.!_5~5 , where 8~5 is the squared distance between the group means of groups r and s . Then the 
2 

between class sum of squared distances is given by B = .!_ n '~ n where the vector 
n 

n: gx g contains the group sizes n1,n 2, .•. ,ng. 

Therefore AOD leads to an alternative nonparametric inferential method that is based on 

permutation tests and can be performed without any assumptions like distributional or 

homogeneity of covariance matrices. The only assumption is a dissimilarity measure between the 

sample points that can be viewed as a distance. 

4.3.9.2 Methodology of the AOD Biplot 

The non-linear biplot described by Gower and Harding (1988), Gower and Hand (1996) and 

Gardner (2001) uses principal co-ordinate analysis (PCO), also known as classical 

multidimensional scaling, to visually display any distance matrix D that contains Euclidean 

embeddable distances. The PCA biplot where D is calculated from ordinary Euclidean distances 

and the CVA biplot where D is calculated from Mahalanobis distances are special cases of the 

non-linear biplot. The PCA biplot aims to optimally display the multidimensional variation in a 

dataset, but if the dataset consist out of different groups or classes, PCA does not take this into 
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account. However, the CVA biplot that operates on the Mahalanobis distances among class 

means can be constructed to optimally separate different groups or classes of observations. The 

differences among classes can be represented pictorially by using PCO based on the matrix ~ 

defined in section 4.1.4.1 (Gower and Krzanowski, 1999). 

An AOD biplot can be constructed using the relationship between PCO for non-linear biplots and 

PCA biplots (Gardner and Le Roux, 2004). The AOD biplot is a special case of the non-linear 

biplot based on ordinary Euclidean distances between the class means without making any 

distributional or covariance matrix assumptions. When ordinary Euclidean distances are used to 

perform a PCO for non-linear biplots a PCA biplot is constructed. Therefore an AOD biplot is 

simply a PCA bi plot of the matrix of class means X: g x p . A well defined AOD bi plot can now be 

constructed displaying the class means and biplot axes of the original variables of measurement. 

The PCO procedure to add the individual samples on the biplot as supplementary points is 

discussed by Gower and Krzanowski (1999). However, the reformulation of the PCO in terms of a 

PCA biplot facilitates this interpolation process by a simple matrix multiplication. 

Figure 4.3.56 presents the AOD biplot of the group or class means for each of the nine faculties. 

The individual points can be added to the AOD biplot by interpolating the points with matrix 

multiplication as discussed in section 4.3.2.2. However, the individual sample points will be over

plotted as in Figure 4.3.31, which makes it difficult to differentiate between the nine faculties. Note 

that the location of the canonical means in the CVA biplot of Figure 4.3.33 tend to be the same as 

the locations of the means in Figure 4.3.56, as well as the direction of the axes. Therefore the 

AOD biplot is a plausible replacement for the CVA biplot if the conditions for a correct application 

of a canonical variate analysis are not satisfied. Note that CVA and LDA make the assumption of 

equal within group covariance matrixes. If this assumption is not satisfied Figure 4.3.33 will differ 

from Figure 4.3.56. However, from Figure 4.3.31 it is clear that the within group covariance 

matrices are approximately the same and therefore Figure 4.3.33 tend to be the same as Figure 

4.3.56. It will only be necessary to apply the AOD biplot if the within group covariance matrices 

are not the same and for this assignment this assumption is not violated for any of the CVA biplots. 
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FIGURE 4.3.56: AOD biplot displaying the class means for each faculty and biplot axes of the 

variables in the remuneration dataset for 2005. 

4.4 Summary 

Chapter 4 demonstrates how a visual display of the multi-dimensional remuneration dataset can 

be constructed in two dimensions by using biplot methodology. These multivariate graphical 

displays provide detailed visual descriptions of the relationships among the variables in the 

remuneration dataset for male and female C1 staff members as well as for the nine different 

faculties considered. 

In section 4.2 the bagplot was used to summarise the shape of the bivariate sample points of the 

remuneration and age variables in two dimensions. Bagplots were constructed to investigate the 

relationship between age and remuneration for male and female C1 staff members at the 

University for 2002 and 2005. However, this relationship cannot be investigated properly without 

taking the variation of male and female C1 staff members among the nine different faculties into 

account. Therefore bagplots were constructed for each faculty and for each faculty according to 

gender for 2002 and 2005. The increase in remuneration from 2002 to 2005 was revealed in all 

the bagplots by a definite increase in the coordinates of the means and Tukey medians of the 

remuneration variable, while these coordinates for the age variable remained approximately the 

same over the four years. The remuneration increase also caused an increase in the size of the 

bags and loops and accordingly an increase in variation in the distribution of remuneration. 

Furthermore, the upward slopes of all the bags reflect the positive correlations between 

remuneration and age and reveal that older staff members tend to earn more than their younger 

colleagues. The large difference between the univariate density estimates of male and female 

staff members encountered in chapter 3, was clearly reflected by higher coordinates of the means 
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and Tukey medians of the remuneration variable for male staff members. By drawing vertical lines 

in the bagplots for male and female staff members at R200 000 for 2002 and R300 000 for 2005, it 

was revealed that, the difference between the bivariate distributions of male and female staff 

members becomes more pronounced in the age categories above 40 years. This can be 

attributed in general to a long tail towards higher remuneration values for male staff members, 

strong positive correlations between remuneration and age together with the bulk of the data 

points for male staff members located in the age categories above 40 years. These results also 

tend to hold for the bivariate distributions of male and female staff members in each faculty, except 

for the Faculty of Education. The bagplots revealed that the bivariate distributions of male and 

female staff members in the Faculty of Education are approximately symmetrical. Furthermore the 

bagplots for each faculty reveal large differences between the bivariate distributions of male and 

female staff members in the Faculties of Science, AgriSciences and Health Sciences, while the 

difference between the bivariate distributions of male and female staff members in the Faculty of 

Education has decreased substantially from 2002 to 2005. 

The multivariate variation of the nine faculties, and of male and female staff members in the 

remuneration dataset for 2005 is visually examined by PCA biplots. Note that the data points in 

the PCA biplots of the nine faculties are over-plotted and clustered in an elliptical shape about the 

remuneration and rank axes. Although this reflects the high correlation between remuneration and 

rank it is difficult to distinguish between the nine different faculties. However, outliers with respect 

to each of the variables in the remuneration dataset are revealed by the PCA biplot as well as the 

home faculties of each of these staff members. Inspection of the PCA biplots of the nine faculties 

reveals that almost all the C1 staff members with undergraduate diplomas and First Bachelor's 

degrees are located in the Faculty of Health Sciences with one or two staff members from the 

Faculties of Economic and Management Sciences and Arts. The PCA biplot suggests that these 

staff members lie about very low research output values if compared to the research output values 

of the other C1 staff members. Furthermore, there are a few staff members in the Faculty of 

Health Sciences with undergraduate MBChB degrees that are medical specialists, have high 

professional qualifications recognized by the HPCSA, earn high salaries and have high ranks. 

These staff members are also clearly reflected by the biplot. There are a few C1 staff members 

that have produced an average research output value of more than two units from 2002 to 2005. 

These staff members are clearly reflected and are located in the Faculties of Science, Education, 

AgriSciences, Law, Theology and Engineering. 

Professional qualifications in the Faculties of Health Sciences and Economic and Management 

sciences have a large influence on the salaries of C1 staff members. This can especially be seen 

in the faculty of Economic and Management Sciences where younger staff members earn higher 

salaries then their colleagues that are located in older age categories and have higher ranks. 

Furthermore, staff members with high professional qualifications tend to have low academic 

qualifications and tend to produce lower research outputs than their colleagues with high academic 

qualifications. Female staff members earning more than R300 000 tend to be located in the 

Faculties of Health Sciences, Economic and Management Sciences and Law, while the highest 
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research outputs are produced by female staff members in the Faculties of Law, Arts and Health 

Sciences. Male staff members that have produced the highest research outputs from 2002 to 

2005 are mainly located in the Faculties of Education, AgriSciences, Science, Law, Theology and 

Engineering. Note that a strong relationship exists between the variables academic qualification 

and research output. Staff members with high academic qualifications tend to produce higher 

research outputs. 

The remuneration values of male staff members show a larger degree of variation than the 

remuneration of female staff members. Male staff members tend to lie in the direction 

corresponding to remuneration, age and rank values higher than the mean values of these 

variables, while female staff members tend to lie in the direction corresponding to values below the 

mean values. Although male and female staff members are poorly separated by the variables 

academic qualification and research output, male staff members tend to be located at the highest 

values for these two variables. The biplots with the professional qualification variable included 

indicate that both male and female C1 staff members earning more than R400 000 tend to have 

professional qualifications. 

The composition of male and female staff members within each faculty differs and therefore it is 

important to analyse the multivariate distributions of male and female staff members within each 

faculty separately. Although the PCA biplot of the Faculty of Arts reveals a lot of overlap between 

male and female staff members, the separation among male and female staff members with 

respect to the remuneration, research, rank, age and academic qualification variables is clearly 

visible. Male staff members tend to earn higher salaries than female staff members, because 

there are more men than women located in the age categories above 40 years. Furthermore men 

tend to have higher ranks, higher academic qualifications and tend to produce more research 

outputs. The professional qualification variable is clearly uncorrelated with remuneration and 

therefore this variable does not have a large influence on the remuneration of C1 staff members in 

the Faculty of Arts. The bivariate bagplots as well as the PCA biplot for the Faculty of Education 

reflected that the remuneration gap between male and female staff members is relatively small. 

However, the largest salaries in the Faculty of Education are earned by men, but these men tend 

to be either older or produce more research outputs. 

In the Faculties of Science and AgriSciences men and women tend to be separated by the 

variables remuneration, rank, age, academic qualification and research output. However, 

according to Tables A.2.2, A.2.4, A.5.3 and A.5.5 most of the women in these faculties have 

doctoral degrees and are located in the age categories below 50 years. Therefore, if these women 

remain with the University they will move into senior positions and obtain higher ranks in the years 

to come, because staff members with the highest ranks tend to be located in the age categories 

above 50 years. The variables age and rank have the highest correlation in the Faculties of Law 

and Theology and rank is highly correlated with remuneration. Therefore male staff members in 

the Faculty of Law tend to earn more than female staff members, because they tend to be older 

and have higher ranks. However, the remuneration gap between male and female staff members 
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should become smaller in the years to come, because female staff members in the age categories 

below 50 years have high academic qualifications and produce high research outputs. 

The remuneration gap between male and female staff members in the Faculty of Economic and 

Management Sciences is mainly caused by more male staff members positioned towards higher 

values of the variables age, academic qualification, rank and research output than female staff 

members. Note that there are no female staff members with the rank of professor in this faculty. 

However, there is not a significant difference between the multivariate distributions of male and 

female staff members in the age categories below 40 years. If female staff members study 

towards their doctoral degrees and move into the senior ranks of associate professor and 

professor in the years to come the remuneration gap between male and female staff members 

should decrease. It is also noteworthy that female staff members in the Faculty of Economic and 

Management Sciences that earn more than the average remuneration tend to have professional 

qualifications. 

The faculty of Theology had no female staff members in 2005. The inter-correlations between the 

variables age, rank and remuneration vary between 0.79 and 0.89 which are relatively high. 

Therefore these three variables have a large influence on the remuneration of C1 staff members in 

this faculty. The Faculty of Engineering has only three female staff members and therefore it is not 

possible to make a meaningful comparison between male and female staff members. However, 

strong positive inter-correlations exist between the variables remuneration, rank and age. 

Therefore staff members that earn high salaries tend to have high ranks and academic 

qualifications, and tend to be located in the older age categories. Furthermore, the highest 

research ouputs are produced by staff members located in the age categories below 50 years and 

staff members with professional qualifications tend to be located in the age categories above 45 

years. 

The professional qualification variable has a large influence on the remuneration and ranks of C1 

staff members in the Faculty of Health Sciences. However, it is mainly the MMed professional 

qualification and the professional qualifications awarded by the HPSC that causes certain staff 

members to earn very high salaries. The qualifications awarded by the HPSC to MBChB and 

MMed students are on the same level as a master's degree. Staff members with these 

qualifications are regarded as medical specialists and 50% of their salaries are subsidised by the 

government. There are only eight female staff members with a MMed qualification, while 41 out of 

the 53 men in the faculty are medical specialists. Furthermore, the staff members with 

undergraduate diplomas and undergraduate Professional First Bachelor's degrees are all women. 

This result also attributes to the large remuneration gap between male and female staff members 

in the Faculty of Health Sciences. Finally, it can be said, that the variables academic qualification 

and research output do not have a large influence on the remuneration of staff members in the 

Faculty of Health Sciences. 
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Male and female staff members as well as the nine different faculties are separated optimally in a 

two-dimensional canonical space by CVA biplots. The 50% alpha-bags superimposed on the CVA 

biplots are used as a quantitative measure for the overlap and separation of male and female staff 

members, and of the nine faculties. These bags also clearly indicate the location of each group. 

The CVA biplots for the nine faculties were constructed with 90% alpha-bags. The alpha-bags are 

especially effective to quantify the overlap between the nine faculties, because a lot of over

plotting occurred in the PCA biplots. Four remuneration datasets from 2002 to 2005 were used for 

this assignment and the univariate density plots of chapter 3 clearly indicated that the 

remuneration distributions changed over time. In chapter 4 alpha-bags were used to measure the 

multidimensional change from 2002 to 2005 for the different groups. 

Inspection of the bags for the nine faculties indicated that the variation in the research outputs is 

smaller for 2005 than 2002. This is mainly because the biplots for 2005 indicate an average 

research output produced from 2002 to 2005, while the biplots for 2002 indicate only the research 

ouputs produced for 2002. The location of the bags of the nine faculties with respect to the 

variables age, rank and academic qualification remains approximately the same for 2002 and 

2005, while all the bags attain higher values on the remuneration axis for 2005. Faculties that 

attain high values on each of the respective axes are clearly reflected by the CVA biplots for 2002 

and 2005. The Faculties of Eduction,· Law and Theology attain the highest values on the research 

output axis for 2002 and 2005, while the mean research output values of the Faculties of 

Education and Theology are the highest for 2002 and 2005. The following patterns are shown by 

the biplots of 2002 and 2005 for the Faculties of Health Sciences and Economic and Management 

Sciences. The mean research output values of these two faculties are the lowest for 2005, but 

they have the highest mean values on the remuneration axis for 2002 and 2005. Together with 

the Faculty of Arts they attain the lowest values on the rank and academic qualification axis for 

2002 and 2005. The highest mean values on the age axis for 2005 are attained by the Faculties of 

Health Sciences, Arts, Education and Theology. 

The separation of male and female staff members revealed by the PCA biplots is also clearly 

reflected by the CVA biplots with 50% alpha-bags superimposed. The class means for male staff 

members are situated away form the class means for female staff members, in the direction of 

higher values on each of the respective axes for 2002 and 2005. However, the bags for female 

staff members attains higher values on each of the variable axes in 2005, and the 50% alpha-bags 

show a higher degree of overlap in 2005 than in 2002. Therefore the difference between the 

deepest 50% of male and female staff members has decreased slightly from 2002 to 2005, 

especially in the direction of the variables remuneration and academic qualification. 

Inspection of the 50% alpha-bags for male and female staff members in the Faculties of Arts, 

Science, Education, AgriSciences, Law, Economic and Management Sciences and Health 

Sciences, again, indicate that the bags for male staff members attains higher values on each of 

the axes for 2002 and 2005. Furthermore, the means for male staff members are situated away 

from the means of female staff members towards higher values on each of the variables for 2002 
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to 2005. However, the 50% alpha-bags of the two groups of staff members in the Faculties of Arts, 

Education, AgriSciences, Law and Economic and Management Sciences show a higher degree of 

overlap in 2005 than in 2002, while the 50% alpha-bags of the Faculties of Science and Health 

Sciences show almost no overlap for 2002 and 2005. Variables that separate male and female 

staff members the best in each of the respective faculties for 2005 are as follows: remuneration, 

age, academic qualification and research output for the Faculty of Arts, age, academic qualification 

and research output for the Faculty of Education, age, academic qualification and remuneration for 

the Faculty of Law, and age, research output, rank, remuneration and academic qualification for 

the Faculties of Science, AgriSciences and Health Sciences. Note that CVA biplots for the 

Faculties of Theology and Engineering were not constructed, because there were too few female 

staff members in these faculties to make a meaningful comparison. 

The 50% alpha-bags of the CVA biplots for C1 staff members with the ranks of Lecturer, Junior 

Lecturer and Others show a high degree of overlap in 2002 that decreased in 2005. This result 

indicates that the gap between male and female Lecturers, Junior Lecturers and Others increased 

towards 2005. Inspection of the alpha-bags show that male and female Junior Lecturers, 

Lecturers and Others are well separated by the variables academic qualification and research 

output in 2005. Furthermore, the bags for male staff members attains higher values on each of the 

respective variables with the means for male staff members located at higher values than the 

means for female staff members on each of the axes for 2002 and 2005. The 50% alpha-bags for 

male and female Senior Lecturers show similar patterns for 2002 and 2005. However, the alpha

bags show a higher degree of overlap for 2005 than for 2002. It is also noteworthy that the bag for 

female staff members as well as the mean value attain slightly higher values on the research 

output axis than the bag and mean value for male staff members for 2005. Male and female 

Senior Lecturers are separated the best by the variables age and remuneration for 2002 and 2005. 

The overlap of the 50% alpha-bags for male and female Associate Professors and Professors 

show approximately the same degree of overlap for 2002 and 2005. Male and female Associate 

Professors and Professors are separated the best by the variables age and remuneration in 2005, 

while only age separated these staff members well in 2002. The mean remuneration and age 

values are allocated clearly towards higher values than the means for female staff members on the 

age and remuneration axes. The location of the mean research output and academic qualification 

values are approximately the same. 

Lastly, the mean values of the nine faculties as well as the direction of the axes presented by the 

AOD biplot correspond well with the mean values and direction of the axes of the CVA biplot 

constructed for the nine faculties. Therefore the AOD biplot is a plausible replacement for the CVA 

biplot if the assumption of equal group covariance matrices is not satisfied. However, some of the 

variables in the remuneration dataset are categorical variables and the pseudosample µek , that is 

the basis of the PCA and CVA biplots, depends on zero representing the mean of a variable and 

categorical variables do not have zero means. Gower (1996) generalized the biplot theory 

discussed in this chapter to handle categorical variables. The categorical variables in the 

remuneration dataset were regarded as quantitative variables for this assignment, but further 
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analyses can be performed by constructing generalized biplots that include both categorical and 

quantitative variables. 
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CIHIA!Pl'IER 5 

CONCllUlS~ONS 

The analysis of the remuneration, academic qualifications, professional qualifications, age, ranks 

and research ouputs of permanent full-time teaching/research (C1) staff members at Stellenbosch 

University uncovered a number of interesting results. An examination of this population shows that 

female C1 staff members are considerably younger than their male counterparts, are concentrated 

in lower ranks and certain faculties and have produced lower average research output units from 

2002 to 2005. Furthermore, a larger percentage of male than female C1 staff members has 

doctoral degrees, while a larger percentage of female C1 staff members has master's and honours 

degrees. However, the number of female C1 staff members with master's and doctoral degrees, 

and with the senior ranks of Senior Lecturer, Associate Professor and Professor has increased 

from 2002 to 2005, while the number of male C1 staff members with these qualifications and ranks 

has decreased from 2002 to 2005. The number of male and female Junior Lecturers remained 

approximately the same from 2002 to 2005, while the number of female Lecturers decreased 

slightly and the number of male Lecturers increased slightly from 2002 to 2005. Qualification 

requirements are generally linked to promotion posts and therefore the higher academic 

qualifications such as doctoral and master's degrees contribute to the ranks and remuneration 

levels of C1 staff members. Another large contributor to the gender salary gap in the academic 

profession is time out of the labour market, but unfortunately this information was not available 

(Ward, 2001 ). It should also be taken into account that a woman employed at a lower salary than 

a comparable, equally qualified man and who has received percentage increases identical to his 

ever since, will continue to earn less today. Annual increases throughout careers are often given 

in percentage terms. In other words, an initial gap is likely to remain the same in percentage terms 

and to increase in Rand terms. 

The univariate properties of the remuneration and age variables in the remuneration dataset were 

initially investigated by exploratory analyses. The median remuneration of the University has 

increased from R224984 to R282360 (an increase of 26%) over the period December 2002 to 

December 2005. The notched boxplots reflected clear differences in the increase of the median 

and average remuneration among the various faculties. These differences are mainly caused by 

different age and gender profiles and different rank structures in the various faculties. The 

retirement of older staff members earning high salaries and new appointments also influence the 

position of each faculty differently. The boxplots also clearly indicated that (excluding the Faculty 

of Theology) the Faculties of Law, Economic and Management Sciences, Engineering and Health 

Sciences have the highest average remunerations for 2002, 2003, 2004 and 2005. Notched 

boxplots were also constructed to investigate the univariate age distributions of the University and 

of each faculty. The notched boxplot for 2005 indicated that 25% of permanent full-time C1 staff 

members for 2005 are older than 54 years. This means that this entire group may retire within the 

next six years. The median age for C1 staff members remained at 47 years from 2002 to 2005. 
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During the necessary follow-up planning, the University will have to ensure that there are enough 

C1 staff members in the younger age groups with the necessary qualifications, expertise and 

experience to replace the retiring staff members within the next six years. Furthermore, the 

boxplots for each faculty reveal that the Faculty of Law, with a median C1 staff member age of 40 

in 2005, is by far the most youthful faculty, while the median age of 53 years for the Faculty of 

Education in 2005 should be a cause for concern. 

Comparing the notched boxplots of the remuneration distributions of male and female staff 

members, reveal two aspects. First a significant difference at a 5% significance level in the 

median remuneration of male and female staff members from 2002 to 2005. The boxplots reveal 

that the median and average remuneration for men are throughout higher than that of women. 

Secondly, the variation of the remuneration distributions for men is high compared to that of the 

remuneration distributions for women. The differences in the medians, location and spread of the 

notched boxplots for male and female C1 staff members in the Faculties of Science and Health 

Sciences for 2002, 2003, 2004 and 2005 are striking. The medians of the Faculties of Science, 

AgriSciences and Health Sciences differ significantly at a 5% level for 2002, 2003, 2004 and 2005. 

The increase in average remuneration for male staff members from 2002 to 2005 is the highest in 

the Faculty of Economic and Management Sciences, while the highest increase in average 

remuneration for female staff members occurred in the Faculties of Education and Law. 

The notched boxplots presenting the age distributions for male and female C1 staff members 

reveal, again, significant differences between the medians of male and female C1 staff members 

at 5% significance level for the Faculties of Science, AgriSciences and Health Sciences for 2002, 

2003, 2004 and 2005. The notched boxplots of the Faculty of Economic and Management 

Sciences also indicate a difference between the median age of men and women at a 5% 

significance level over the four years. Furthermore, quantitative tables in Appendix A revealed that 

male staff members are represented in larger numbers in the age intervals over 40 years, while 

female staff members are presented in larger numbers in the age intervals under 40 years for 2002 

as well as 2005. However, in the Faculty of Science men are represented in larger numbers in all 

the age intervals. This result also holds for the Faculty of AgriSciences for 2002, while men and 

women are equally represented in the age intervals under 40 years for 2005. Finally, the 

univariate notched boxplots of the age and remuneration distributions for the Faculties of Science, 

AgriSciences and Health Sciences indicate that significant differences in the remuneration 

distributions of male and female staff members could be the result of significant differences in the 

age distributions of male and female staff members. The relationships among these variables 

were investigated in the multivariate distributions. 

Many of the remuneration distributions are skew and therefore it is not justifiable to use normal 

distributions to estimate the densities of the various faculties. Data driven non-parametric density 

estimates were used instead. The univariate non-parametric density estimates for the 

remuneration of the various faculties indicate that there are large differences in the location and 

spread of the remuneration distributions of the various faculties for 2002, 2003, 2004 and 2005. 
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These differences can again be ascribed to the different age and gender profiles and the different 

rank structures in the various faculties. If all the density estimates are plotted on the same graph 

the order of the modes of the various faculties is the same as that of the means. Furthermore, the 

density estimates of the various faculties, excluding the faculties of Engineering and Health 

Sciences, are very similar. The densities of the latter differ widely from the densities of the other 

faculties. Numerical integration was used to obtain probabilities associated with the remuneration 

distributions of each faculty. The probability to earn more than the remuneration values at the 

main peaks was calculated for each density curve as well as the number of staff members located 

to the right of the main peaks. The location of the main modes as well as the spread of the density 

curves of each faculty increased from 2002 to 2005, reflecting the increase in remuneration and 

the probability to earn more than the remuneration values around the main mode from 2002 to 

2005. These increases are mainly caused by promotions, new appointments and salary increases 

of C1 staff members that occurred over the four years. However, the location of the main mode of 

the Faculty of AgriSciences decreased, because of a hump appearing to the right in 2005. The 

remuneration distribution of this faculty reflects a possible mixture distribution in 2005. 

Furthermore, the number of staff members located to the right of the main peak or peaks of each 

faculty remained approximately the same from 2002 to 2005. This indicates that staff members 

initially located to the right of the main peaks in 2002 remained there for 2003, 2004 and 2005. 

The main modes of the Faculties of Economic and Management Sciences and Engineering were 

approximately located at the highest remuneration values for 2005. In the Faculty of Economic 

and Management Sciences 53% of the staff members were located to the right of R296 881, while 

58% of the staff members in the Faculty of Engineering were located to the right of R292 203. 

The density estimates of the remuneration for male and female C1 staff members at the University 

and in each faculty revealed most of the properties reflected by the univariate notched boxplots for 

2002, 2003, 2004 and 2005. Inspection of these density estimates indicates clearly that the 

density estimate as well as the mean remuneration value for male staff members are located 

around higher remuneration values than the density estimate and mean remuneration value for 

female C1 staff members. The density estimates of both male and female C1 staff members 

become wider with heavier tails towards 2005, but not to the same degree. The first modes of 

each density function for male staff members moved by a larger amount towards higher 

remuneration values from 2002 to 2005 than the modes of the densities for female staff members. 

Note that this result does not hold for male and female staff members in the Faculty of Law, while 

the mode of male staff members in the Faculty of Education moved only slightly more than the 

mode of female staff members. The location of the first mode for female staff members in the 

Faculty of Law increased by a substantial amount from 2002 to 2005. Furthermore, all the density 

curves for male staff members have a small prominent mode located at very high remuneration 

values, while the density curves of the Faculties of Science, Law and Health Sciences are clearly 

bimodal with a large prominent second mode located at higher remuneration values. The smallest 

differences in the location and spread of the density estimates for male and female staff members 

from 2002 to 2005, occurred in the Faculties of Education and Economic and Management 

Sciences. 
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The univariate analysis did not take the relationship between age and remuneration into 

consideration. From the notched boxplots of age and remuneration for the Faculties of Science, 

AgriSciences and Health Sciences it was clear that there might be a relationship between age and 

remuneration. The bagplot provides a summary of the properties of the underlying bivariate 

distribution of remuneration and age. Bagplots were constructed for each faculty as well as for 

male and female C1 staff members at the University and within each faculty. The bagplots 

reflected the remuneration increases from 2002 to 2005 with the bags moving towards higher 

remuneration values from 2002 to 2005, while the location of the bags with respect to the age 

variable remained approximately the same over the four years. A large increase in the 

remuneration of male staff members in the Faculty of Health Sciences was evident. Furthermore, 

an upward slope of all the bagplots clearly indicated that older staff members tend to earn more 

than their younger colleagues. However, this tendency was smaller for C1 staff members in the 

Faculty of Education which had bivariate distributions with circular bags. Differences observed 

between the univariate remuneration and age distributions were also clearly reflected by the 

bivariate bagplots, but now it is clear that the difference between the remuneration of male and 

female staff members becomes larger in the age categories above 40 years. The bagplots also 

clearly indicated that male staff members are mainly located in the age categories above 40 years, 

while female staff members are mainly located in the age categories below 40 years. These 

results together with long tails towards higher remuneration values for the bivariate distributions of 

male staff members are mainly responsible for the differences between the remuneration and age 

distributions of male and female C1 staff members. The patterns in the univariate remuneration 

and age distributions of the Faculties of Education, Science, AgriSciences and Health Sciences 

are also revealed by the bivariate bagplots. The largest differences in the bivariate distributions of 

male and female C1 staff members occurred in the Faculties of Science, AgriSciences and Health 

Sciences, while the difference between the bivariate distributions of male and female staff 

members in the Faculty of Education have decreased substantially from 2002 to 2005. 

The multivariate variation of the nine faculties and of male and female staff members in the 

remuneration dataset for 2005 was studied through construction of PCA biplots. The relationships 

among the variables remuneration, age, rank, academic qualification and research output were 

studied by these multivariate graphical displays. Although the data points of the nine faculties in 

the PCA biplots were over-plotted a high correlation between remuneration and rank was 

observed as well as outliers with respect to each of the variables in the remuneration dataset. 

These outliers reflected the faculties with staff members that have low academic qualifications and 

produce low research output as well as faculties that have staff members that produce very high 

research output with high academic qualifications. The PCA biplots also clearly reflect the medical 

specialists in the Faculty of Health Sciences which receive very high salaries compared to their 

colleagues in the other faculties. Furthermore, the professional qualification variable in the PCA 

biplot shows clearly that professional qualifications in the Faculties of Health Sciences and 

Economic and Management Sciences have a large influence on the remuneration of C1 staff 

members. However, these staff members tend to have lower academic qualifications and tend to 
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produce lower research output. Inspection of the PCA bi plots constructed for male and female C1 

staff members reveal that male staff members tend to lie in the direction corresponding to 

remuneration, age and rank values higher than the mean values of these variables, while female 

staff members tend to lie in the direction corresponding to values below the mean values. The 

biplots also indicate that the highest values on the research output and academic qualification 

axes are to present male C1 staff members. It is also noteworthy that both male and female staff 

members earning more than R400 000 tend to have professional qualifications. 

The multidimensional change in the remuneration dataset from 2002 to 2005 was measured by 

constructing CVA biplots. CVA biplots provide a two-dimensional display that separates the nine 

different faculties as well as male and female C1 staff members optimally. For the nine faculties 

90% alpha-bags were superimposed to indicate the location of each faculty and to quantify the 

overlap or separation between the different faculties. The alpha-bags also reflect the spread in the 

multidimensional space. In the CVA biplots for male and female C1 staff members 50% alpha

bags were used. The alpha-bags for the nine respective faculties indicate that the location and 

overlap of the faculties remained approximately the same from 2002 to 2005. However, the bags 

of all the faculties attain higher values on the remuneration axis for 2005 than 2002. Although a 

high degree of overlap is visible between the faculties, the CVA biplots indicated research output, 

remuneration, age, rank and academic qualification to perform reasonably in separating the nine 

faculties. The 50% alpha-bags in the CVA biplots for male and female staff members at the 

University as well as in each faculty, excluding the Faculties of Science and Health Sciences, 

clearly reflect that the gap between male and female C1 staff members has decreased from 2002 

to 2005. The overlap between male and female C1 staff members in the Faculties of Science and 

Health Sciences is very small for 2002 and 2005. Note that alpha-bags were not constructed for 

male and female C1 staff members in the Faculties of Theology and Engineering, because of too 

few female C1 staff members in these faculties. A very high degree of overlap is visible between 

the 50% alpha-bags of male and female C1 staff members with the ranks of Junior Lecturer, 

Lecturer and Others. The three groups of staff members are separated well in the direction of the 

research output and academic qualification variables with the bags of male staff members 

attaining higher values on these variables. It is also noteworthy that the gap between male and 

female C1 staff members increased from 2002 to 2005, with the bags showing a higher degree of 

overlap in 2002 than in 2005. Senior Lecturers are well separated by the remuneration and age 

axes, while these variables also performed well in separating male and female Associate 

Professors and Professors for 2002 as well as 2005. 

The analysis of the remuneration dataset revealed that rank has a dominant contribution to the 

determination of the remuneration of C1 staff members. Therefore large differences in the 

remuneration distributions of male and female C1 staff members are mainly caused by fewer 

female than male staff members within the senior ranks of Professor, Associate Professor and 

Senior Lecturer. C1 staff members located in the lower ranks of Lecturer, Junior Lecturer and 

Others are mainly separated by the variables academic qualification and research output. There is 

a strong relationship between these two variables which highlights the fact that C1 staff members 
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with PhD degrees produce higher research output. Junior Lecturers and Lecturers without PhD 

degrees will most probably be appointed at a lower salary, and have lesser opportunities for 

promotion within rank scales. This is mainly because a PhD degree and research output or 

publications are highly valued at a research University such as Stellenbosch University. Although 

teaching and service productivity are also valued, in the absence of research productivity C1 staff 

members are less likely to receive acknowledgement for their efforts at teaching and service. 

Furthermore, initial appointments and entry level salaries will have an influence on the later career 

of a staff member. Female C1 staff members hired on less favourable terms are less likely to 

remain with the institution. It should also be taken into account that women take more time off for 

families which makes it difficult for junior female C1 staff members to obtain a PhD degree, 

especially if she has large classes and heavy teaching loads. Furthermore, the commitment of a 

junior C1 staff member is judged by the number of years he or she takes to complete their PhD 

degrees. Male and female C1 staff members with the ranks of Senior Lecturer, Associate 

Professor and Professor are mainly separated by age and remuneration for 2005. There are very 

few female C1 staff members located in the age category 50-60 years. This is mainly because 

fewer female staff members entered the academic profession 30 years ago. It was mentioned that 

time out of the academic labour market also contributes to the difference in the remuneration of 

male and female C1 staff members (Ward, 2001) and this factor contributes especially to C1 staff 

members located in the older age categories and senior ranks. Men that did not take time out of 

the labour market are more likely to build up their salary by moving to the most lucrative locations 

or use outside offers for bargaining (Ferber and Green, 1982). 

It seems as if the gap between male and female C1 staff members with respect to all the variables 

in the remuneration dataset has closed slightly from 2002 to 2005. The only two faculties that did 

not show a closing gap are the Faculties of Health Sciences and Science, while the Faculties of 

Law and Education showed the largest decrease in the gap between male and female C1 staff 

members. The Faculties of Engineering and Theology are dominated by male C1 staff members, 

while the Faculty of AgriSciences also had twice the number of male than female C1 staff 

members for 2005. This indicates that very few women were appointed within these faculties. 

However, the availability of women with PhD degrees within the disciplines of these faculties 

should be considered. Further investigation should be conducted on the number of PhD degrees 

earned by women in these fields in the country as a whole. Finally there is a need for continued 

concern about the small proportion of women in senior positions at the University and about young 

women having equal opportunities for professional development. 

Further studies could investigate and explore the appointment of academic men and women from 

2002 to 2005. Questions to be considered should include, the terms on which C1 staff members 

were appointed, including rank and remuneration, and how long they remained with the University. 

A longer time period than four years will also provide a more complete and more accurate portrait 

of the remuneration gap between male and female C1 staff members. The ordinal variables in the 

remuneration dataset were regarded as quantitative variables, and therefore more insight in the 

remuneration dataset might be gained by constructing generalized biplots that will include the 
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ordinal variables (rank, academic qualification, professional qualification) as well as the 

quantitative variables (age and research output). It also remains important to analyse the research 

experience and academic careers of C1 staff members. 
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AIPIPIENDIX A 

Appendix A provides quantitative tables that summarise the remuneration datasets for 2002, 

2003, 2004 and 2005. These tables are used in conjunction with the univariate and multivariate 

graphical displays of Chapters 3 and 4 to gain further insight into the datasets used for this 

assignment. 

Table A.1.1: Median remunerations according to Faculty, Gender and Year. 

Faculty 2002 Total 2003 Total 2004 Total 

Male Female Male Female Male Female 

Arts 219902 183334 200737 244813 197110 218389 243800 207946 222957 

Science 231428 179967 216284 246171 196226 231424 260441 202414 242110 

Education 227598 183514 197420 262468 196360 211239 262376 212262 233380 

AgriSciences 239143 194903 230510 256969 209872 249860 260488 209781 235061 

Law 239908 160314 228714 256701 186975 250547 285101 208194 270300 

Theology 258702 256489 257596 259443 274443 262603 250632 304303 257816 

Econ&Man 241210 221174 235638 259821 240000 252133 277257 252627 266055 

Engineering 242292 188479 239837 257851 162011 253499 278450 216240 274995 

Health Sciences 437787 181947 220843 478569 202286 261566 459841 214817 274549 

Total(US) 241210 185278 224984 259075 201206 241382 271420 212999 251947 

Table A.1.1(Continue) 

Faculty 2005 Total 

Male Female 

Arts 272539 221887 251847 

Science 304642 219516 279230 

Education 275674 237938 266849 

AgriSciences 302178 238598 267227 

Law 303106 252148 290542 

Theology 271969 271969 

Econ&Man 319871 281607 307416 

Engineering 312307 251459 303450 

Health Sciences 509748 208618 278996 

Total(US) 312575 232871 282360 
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Table A.1.1(Continue) 

Faculty %Increase Total %Increase Total %Increase Total %Increase Total 
12002-2003) (2003-2004) (2004-2005) (2002-20051 

Male Female Male Female Male Female Male Female 

!Arts 11 8 9 0 5 2 12 7 13 24 21 25 

~cience 6 9 7 6 3 5 17 8 15 32 22 29 

Education 15 7 7 0 8 10 5 12 14 21 30 35 

IAgriSciences 7 8 8 1 0 -6 16 14 14 26 22 16 

Law 7 17 10 11 11 8 6 21 7 26 57 27 

h"heology 0 7 2 -3 11 -2 9 -100 5 5 -100 6 

Econ&Man 8 9 7 7 5 6 15 11 16 33 27 30 

Engineering 6 -14 6 8 33 8 12 16 10 29 33 27 

Health Sciences 9 11 18 -4 6 5 11 -3 2 16 15 26 

!rotal(US) 7 9 7 5 6 4 15 9 12 30 26 26 

Table A.1.2: Average remunerations according to Faculty, Gender and Year. 

Faculty 2002 Total 2003 Total 2004 Total 

Male Female Male Female Male Female 

Arts 232665 185170 213983 252769 202324 233133 259333 215680 241073 

Science 246101 176857 226732 263294 190948 243057 276024 198987 252859 

Education 238514 186217 211728 258878 198263 227831 269653 228044 247248 

AgriSciences 242036 205317 233945 257561 222411 249816 257906 209928 244412 

Law 262958 181124 243205 281084 204599 262622 304171 226473 281614 

Theology 271234 256489 270005 280479 274443 279930 270563 304303 273374 

Econ&Man 259509 214202 244784 279563 231773 264032 299898 244516 279387 

Engineering 249457 179840 246142 267111 158714 261949 283094 188428 276029 

Health Sciences 389692 198705 283014 419294 227197 320448 429367 243569 332825 

Total(US) 261441 193128 238451 281100 211451 258304 292843 224800 268764 

Table A.1.2(Continue) 

Faculty 2005 Total 

Male Female 

Arts 288206 245269 269678 

Science 315416 224862 288533 

Education 304349 264536 283336 

AgriSciences 297352 237462 277389 

Law 336139 255210 307236 

Theology 285443 285443 

Econ&Man 336362 281037 316323 

Engineering 314061 253257 311119 

Health Sciences 479260 237938 347254 

Total(US) 330939 248020 300535 
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Table A.1.2(Continue) 

Faculty %Increase Total %Increase Total %Increase Total %Increase 
12002-20031 12003-20041 12004-20051 12002-2005) 

Male Female Male Female Male Female Male Female 

~rts 9 9 9 3 7 3 11 14 12 24 32 
~cience 7 8 7 5 4 4 14 13 14 28 27 

Education 9 6 8 4 15 9 13 16 15 28 42 
~griSciences 6 8 7 0 -6 -2 15 13 13 23 16 

Law 7 13 8 8 11 7 11 13 9 28 41 

!Theology 3 7 4 -4 11 -2 5 -100 4 5 -100 

Econ&Man 8 8 8 7 5 6 12 15 13 30 31 
Engineering 7 -12 6 6 19 5 11 34 13 26 41 

Health Sciences 8 14 13 2 7 4 12 -2 4 23 20 

Total(US) 8 9 8 4 6 4 13 10 12 27 28 

Table A.1.3: Average remuneration of Female C1 staff members expressed as a percentage of 
the average remuneration of Male C1 staff members according to Faculty and Year. 

Faculty 2002 2003 2004 2005 
Arts 80 80 83 85 

Science 72 73 72 71 

Education 78 77 85 87 

AgriSciences 85 86 81 80 

Law 69 73 74 76 

Theology 95 98 112 0 

Econ&Man 83 83 82 84 

Engineering 72 59 67 81 

Health Sciences 51 54 57 50 

Total(US) 74 75 77 75 

Table A.1.4: Standard deviations of remunerations according to Faculty, Gender and Year. 

Faculty 2002 Total 2003 Total 2004 Total 

Male Female Male Female Male Female 

Arts 69903 56845 68929 83283 60776 79054 71693 68116 73250 

Science 65567 33476 66096 67535 33526 68168 66784 41766 69872 

Education 47880 50536 55374 50544 55719 60883 62274 56587 62143 

AgriSciences 54117 34482 52477 55894 38840 54332 67995 53351 67403 

Law 63308 44775 68597 67690 50569 71372 91747 58818 90001 

Theology 56943 54460 58610 55632 74629 71819 

Econ&Man 67740 63738 69543 71331 66234 72984 96744 69180 91311 

Engineering 36101 15443 38357 36212 56007 43480 39496 55662 47516 

Health Sciences 94136 87979 131282 101319 94792 137187 120169 102222 144724 

Total{US) 78669 63296 80568 85227 67269 86193 92331 72573 91779 

Total 

26 

27 

34 

19 
26 

6 

29 

26 

23 

26 
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Table A.1.4(Continue) 

Faculty 2005 Total 

Male Female 

Arts 77331 77910 80204 

Science 81859 48217 84252 

Education 76646 64776 72455 

AgriSciences 79436 56293 77491 

Law 107097 58231 99556 

Theology 89343 89343 

Econ&Man 102484 73301 96438 

Engineering 46722 11048 47462 

Health Sciences 141624 113784 174864 

Total(US} 106753 82155 106205 

Table A.1.5: Coefficients of variation of remunerations according to Faculty, Gender and Year. 

Faculty 2002 Total 2003 Total 2004 Total 

Male Female Male Female Male Female 

Arts 0.3 0.31 0.32 0.33 0.3 0.34 0.28 0.32 0.3 

Science 0.27 0.19 0.29 0.26 0.18 0.28 0.24 0.21 0.28 

Education 0.2 0.27 0.26 0.2 0.28 0.27 0.23 0.25 0.25 

AgriSciences 0.22 0.17 0.22 0.22 0.17 0.22 0.26 0.25 0.28 

Law 0.24 0.25 0.28 0.24 0.25 0.27 0.3 0.26 0.32 

Theology 0.21 0.2 0.21 0.2 0.28 0 0.26 

Econ&Man 0.26 0.3 0.28 0.26 0.29 0.28 0.32 0.28 0.33 

Engineering 0.14 0.09 0.16 0.14 0.35 0.17 0.14 0.3 0.17 

Health Sciences 0.24 0.44 0.46 0.24 0.42 0.43 0.28 0.42 0.43 

Total(US} 0.3 0.33 0.34 0.3 0.32 0.33 0.32 0.32 0.34 

Table A.1.5(Continue) 

Faculty 2005 Total 

Male Female 

Arts 0.27 0.32 0.3 

Science 0.26 0.21 0.29 

Education 0.25 0.24 0.26 

AgriSciences 0.27 0.24 0.28 

Law 0.32 0.23 0.32 

Theology 0.31 0.31 

Econ&Man 0.3 0.26 0.3 

Engineering 0.15 0.04 0.15 

Health Sciences 0.3 0.48 0.5 

Total(US) 0.32 0.33 0.35 
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Table A.2.1: Age distributions of C1 staff members of the Faculty of Arts according to Gender. 

and Year. 

Year Age Male % Female % Total % 
2002 20-29 4 44.44 5 55.56 9 100.00 

30-39 11 40.74 16 59.26 27 100.00 
40-49 30 60.00 20 40.00 50 100.00 
50-59 40 70.18 17 29.82 57 100.00 
60-65 6 85.71 1 14.29 7 100.00 

Total 91 60.67 59 39.33 150 100.00 
2005 20-29 2 40.00 3 60.00 5 100.00 

30-39 12 35.29 22 64.71 34 100.00 
40-49 26 61.90 16 38.10 42 100.00 
50-59 38 64.41 21 35.59 59 100.00 
60-65 5 83.33 1 16.67 6 100.00 

Total 83 56.85 63 43.15 146 100.00 

Table A.2.2: Age distributions of C1 staff members of the Faculty of Science according to 

Gender and Year. 

Year Aae Male % Female % Total % 
2002 20-29 2 20.00 8 80.00 10 100.00 

30-39 20 62.50 12 37.50 32 100.00 
40-49 35 77.78 10 22.22 45 100.00 
50-59 36 81.82 8 18.18 44 100.00 
60-65 10 83.33 2 16.67 12 100.00 

Total 103 72.03 40 27.97 143 100.00 
2005 20-29 2 50.00 2 50.00 4 100.00 

30-39 21 53.85 18 46.15 39 100.00 
40-49 29 74.36 10 25.64 39 100.00 
50-59 34 80.95 8 19.05 42 100.00 
60-65 4 100.00 0.00 4 100.00 

Total 90 70.31 38 29.69 128 100.00 

Table A.2.3: Age distributions of C1 staff members of the Faculty of Education according to 

Gender and Year. 

Year Age Male % Female % Total % 
2002 20-29 1 100.00 1 100.00 

30-39 2 66.67 1 33.33 3 100.00 
40-49 3 37.50 5 62.50 8 100.00 
50-59 13 52.00 12 48.00 25 100.00 
60-65 2 50.00 2 50.00 4 100.00 

Total 20 48.78 21 51.22 41 100.00 
2005 20-29 

30-39 1 33.33 2 66.67 3 100.00 
40-49 5 41.67 7 58.33 12 100.00 
50-59 10 50.00 10 50.00 20 100.00 
60-65 1 100.00 1 100.00 

Total 17 47.22 19 52.78 36 100.00 
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Table A.2.4: Age distributions of C1 staff members of the Faculty of AgriSciences according to 

Gender and Year. 

·Year Age Male % Female % Total % 
2002 20-29 3 100.00 0.00 3 100.00 

30-39 6 42.86 8 57.14 14 100.00 
40-49 11 68.75 5 31.25 16 100.00 
50-59 21 100.00 0.00 21 100.00 
60-65 5 100.00 0.00 5 100.00 

Total 46 77.97 13 22.03 59 100.00 

2005 20-29 2 50.00 2 50.00 4 100.00 
30-39 11 50.00 11 50.00 22 100.00 
40-49 10 62.50 6 37.50 16 100.00 
50-59 16 88.89 2 11.11 18 100.00 
60-65 3 100.00 0.00 3 100.00 

Total 42 66.67 21 33.33 63 100.00 

Table A.2.5: Age distributions of C1 staff members of the Faculty of Law according to 

Gender and Year. 

Year Age Male % Female % Total % 

2002 20-29 2 50.00 2 50.00 4 100.00 
30-39 8 66.67 4 33.33 12 100.00 
40-49 5 83.33 1 16.67 6 100.00 
50-59 7 100.00 7 100.00 
60-65 

Total 22 75.86 7 24.14 29 100.00 
2005 20-29 1 50.00 1 50.00 2 100.00 

30-39 7 58.33 5 41.67 12 100.00 
40-49 3 42.86 4 57.14 7 100.00 
50-59 7 100.00 7 100.00 
60-65 

Total 18 64.29 10 35.71 28 100.00 

Table A.2.6: Age distributions of C1 staff members of the Faculty of Theology according to 

Gender and Year. 

Year Age Male % Female % Total % 
2002 20-29 

30-39 
40-49 2 100.00 2 100.00 
50-59 6 85.71 1 14.29 7 100.00 
60-65 3 100.00 3 100.00 

Total 11 91.67 1 8.33 12 100.00 
2005 20-29 1 100.00 1 100.00 

30-39 1 100.00 1 100.00 
40-49 6 100.00 6 100.00 
50-59 5 100.00 5 100.00 
60-65 

Total 13 100.00 13 100.00 
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Table A.2. 7: Age distributions of C1 staff members of the Faculty of Economic and Management 

Sciences according to Gender and Year. 

Year Age Male % Female % Total % 

2002 20-29 2 11.76 15 88.24 17 100.00 
30-39 14 51.85 13 48.15 27 100.00 
40-49 29 80.56 7 19.44 36 100.00 
50-59 31 91.18 3 8.82 34 100.00 
60-65 5 83.33 1 16.67 6 100.00 

Total 81 67.50 39 32.50 120 100.00 
2005 20-29 10 43.48 13 56.52 23 100.00 

30-39 15 41.67 21 58.33 36 100.00 
40-49 16 64.00 9 36.00 25 100.00 
50-59 37 92.50 3 7.50 40 100.00 
60-65 3 100.00 3 100.00 

Total 81 63.78 46 36.22 127 100.00 

Table A.2.8: Age distributions of C1 staff members of the Faculty of Engineering 

according to Gender and Year. 

Year Age Male % Female % Total % 

2002 20-29 3 100.00 3 100.00 
30-39 12 85.71 2 14.29 14 100.00 
40-49 28 100.00 28 100.00 
50-59 14 93.33 1 6.67 15 100.00 
60-65 3 100.00 3 100.00 

Total 60 95.24 3 4.76 63 100.00 
2005 20-29 3 100.00 3 100.00 

30-39 12 85.71 2 14.29 14 100.00 
40-49 24 96.00 1 4.00 25 100.00 
50-59 17 100.00 17 100.00 
60-65 3 100.00 3 100.00 

Total 59 95.16 3 4.84 62 100.00 

Table A.2.9: Age distributions of C1 staff members of the Faculty of Health Sciences according 

to Gender and Year. 

Year Age Male % Female % Total % 
2002 20-29 5 100.00 5 100.00 

30-39 2 10.00 18 90.00 20 100.00 
40-49 16 48.48 17 51.52 33 100.00 
50-59 27 57.45 20 42.55 47 100.00 
60-65 4 66.67 2 33.33 6 100.00 

Total 49 44.14 62 55.86 111 100.00 
2005 20-29 4 100.00 4 100.00 

30-39 4 15.38 22 84.62 26 100.00 
40-49 19 59.38 13 40.63 32 100.00 
50-59 27 54.00 23 46.00 50 100.00 
60-65 3 60.00 2 40.00 5 100.00 

Total 53 45.30 64 54.70 117 100.00 
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Table A.2.10: Age distributions of C1 staff members of the University according to Gender 

and Year. 

Year A~e Male % Female % Total % 
2002 20-29 16 30.77 36 69.23 52 100.00 

30-39 75 50.34 74 49.66 149 100.00 
40-49 159 70.98 65 29.02 224 100.00 
50-59 195 75.88 62 24.12 257 100.00 
60-65 38 82.61 8 17.39 46 100.00 

Total 483 66.35 245 33.65 728 100.00 
2005 20-29 21 45.65 25 54.35 46 100.00 

30-39 84 44.92 103 55.08 187 100.00 
40-49 138 67.65 66 32.35 204 100.00 
50-59 191 74.03 67 25.97 258 100.00 
60-65 22 88.00 3 12.00 25 100.00 

Total 456 63.33 264 36.67 720 100.00 

Table A.3.: Correlations between Remuneration and Age for C1 staff members according to 

Faculty and Gender. 

Faculty 2002 Total 2005 Total 
Male Female Male Female 

Arts 0.59 0.37 0.54 0.45 0.46 0.49 
Science 0.32 0.4 0.4 0.56 0.49 0.58 
Education 0.42 0.48 0.47 0.13 0.23 0.23 
AgriSciences 0.52 0.45 0.57 0.66 0.62 0.71 
Law 0.79 0.74 0.83 0.79 0.71 0.81 
Theology 0.10 0.10 0.74 0.74 
Econ&Man Sciences 0.39 0.23 0.44 0.39 0.31 0.39 
Engineering 0.26 0.25 0.28 0.47 0.97 0.49 
Health Sciences 0.5 0.35 0.52 0.53 0.26 0.49 
Total 0.39 0.26 0.42 0.44 0.27 0.44 

Table A.4.1: Ranks of C1 staff members at the Unviersity according to Gender for 2002 and 

2005. 

Year IRank Male % Female % Total % 
2002 Junior Lecturer 11 25 33 75 44 100 

Lecturer 87 43 117 57 204 100 
Senior Lecturer 145 69 64 31 209 100 
Associate Professor 79 82 17 18 96 100 
Professor 161 92 14 8 175 100 

Total 483 66 245 34 728 100 
2005 Junior Lecturer 8 18 36 82 44 100 

Lecturer 98 47 111 53 209 100 
Senior Lecturer 120 64 67 36 187 100 
Associate Professor 79 75 26 25 105 100 
Professor 151 86 24 14 175 100 

Total 456 63 264 37 720 100 
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Table A.4.2.: Ranks of C1 staff members according to Gender for the Faculty of Arts for 2002 

and 2005. 

Year Rank Male % Female % Total % 
2002 Junior Lecturer 7 50 7 50 14 100 

Lecturer 28 47 31 53 59 100 
Senior Lecturer 19 63 11 37 30 100 
Associate Professor 9 64 5 36 14 100 
Professor 28 85 5 15 33 100 

Total 91 61 59 39 150 100 
2005 Junior Lecturer 3 30 7 70 10 100 

Lecturer 30 52 28 48 58 100 
Senior Lecturer 17 59 12 41 29 100 
Associate Professor 11 61 7 39 18 100 
Professor 22 71 9 29 31 .. 100 

Total 83 57 63 43 146 100 

Table A.4.3.: Ranks of C1 staff members according to Gender for the Faculty of Science for 2002 

and 2005. 

Year Rank Male % Female % Total % 
2002 Junior Lecturer 2 25 6 75 8 100 

Lecturer· 17 45 21 55 38 100 
Senior Lecturer 37 79 10 21 47 100 
Associate Professor 15 88 2 12 17 100 
Professor 32 97 1 3 33 100 

Total 103 72 40 28 143 100 
2005 Junior Lecturer 1 33 2 67 3 100 

Lecturer 15 47 17 53 32 100 
Senior Lecturer 25 64 14 36 39 100 
Associate Professor 14 82 3 18 17 100 
Professor 35 95 2 5 37 100 

Total 90 70 38 30 128 100 

Table A.4.4.: Ranks of C1 staff members according to Gender for the Faculty of Education for 

2002 and 2005. 

Year Rank Male % Female % Total % 
2002 Junior Lecturer 2 100 2 100 

Lecturer 6 30 14 70 20 100 
Senior Lecturer 5 63 3 38 8 100 
Associate Professor 2 100 2 100 
Professor 7 78 2 22 9 100 

Total 20 49 21 51 41 100 
2005 Junior Lecturer 

Lecturer 5 31 11 69 16 100 
Senior Lecturer 4 80 1 20 5 100 
Associate Professor 3 38 5 63 8 100 
Professor 5 71 2 29 7 100 

Total 17 47 19 53 36 100 
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Table A.4.5.: Ranks of C1 staff members according to Gender for the Faculty of AgriSciences for 

2003 and 2005. 

Year Rank Male % Female % Total 
2002 Junior Lecturer 1 100 1 

Lecturer 8 73 3 27 11 
Senior Lecturer 18 69 8 31 26 
Associate Professor 6 86 1 14 7 
Professor 13 93 1 7 14 

Total 46 78 13 22 59 
2005 Junior Lecturer 1 100 1 

Lecturer 12 60 8 40 20 
Senior Lecturer 12 63 7 37 19 
Associate Professor 8 73 3 27 11 
Professor 10 83 2 17 12 

Total 42 67 21 33 63 

Table A.4.6.: Ranks of C1 staff members according to Gender for the Faculty of Law for 

2004 and 2005. 

Year Rank Male % Female % Total 
2002 Junior Lecturer 

Lecturer 1 20 4 80 5 
Senior Lecturer 8 89 1 11 9 
Associate Professor 2 67 1 33 3 
Professor 11 92 1 8 12 

Total 22 76 7 24 29 
2005 Junior Lecturer 

Lecturer 2 40 3 60 5 
Senior Lecturer 6 67 3 33 9 
Associate Professor 1 50 1 50 2 
Professor 9 75 3 25 12 

Total 18 64 10 36 28 

% 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

% 

100 
100 
100 
100 
100 

100 
100 
100 
100 
100 

Table A.4. 7.: Ranks of C1 staff members according to Gender for the Faculty of Theology for 

2005 and 2005. 

Year Rank Male % Female % Total % 
2002 Junior Lecturer 

Lecturer 1 100 1 100 
Senior Lecturer 3 100 3 100 
Associate Professor 2 67 1 33 3 100 
Professor 5 100 5 100 

Total 11 92 1 8 12 100 
2005 Junior Lecturer 1 100 1 100 

Lecturer 2 100 2 100 
Senior Lecturer 6 100 6 100 
Associate Professor 1 100 1 100 
Professor 3 100 3 100 

Total 13 100 13 100 
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Table A.4.8.: Ranks of C1 staff members according to Gender for the Faculty of Economic and 

Management Sciences for 2002 and 2005. 

Year Rank Male % Female % Total % 
2002 Junior Lecturer 4 100 4 100 

Lecturer 19 51 18 49 37 100 
Senior Lecturer 20 59 14 41 34 100 
Associate Professor 19 86 3 14 22 100 
Professor 23 100 23 100 

Total 81 68 39 33 120 100 
2005 Junior Lecturer 1 17 5 83 6 100 

Lecturer 23 51 22 49 45 100 
Senior Lecturer 18 53 16 47 34 100 
Associate Professor 16 84 3 16 19 100 
Professor 23 100 23 100 

Total 81 64 46 36 127 100 

Table A.4.9.: Ranks of C1 staff members according to Gender for the Faculty of Engineering 

for 2002 and 2005. 

Year Rank Male % Female % Total 
2002 Junior Lecturer 1 100 1 

Lecturer 2 50 2 50 4 
Senior Lecturer 27 96 1 4 28 
Associate Professor 12 100 12 
Professor 18 100 18 

Total 60 95 3 5 63 
2005 Junior Lecturer 1 100 1 

Lecturer 5 83 1 17 6 
Senior Lecturer 24 92 2 8 26 
Associate Professor 7 100 7 
Professor 22 100 22 

Total 59 95 3 5 62 

Table A.4.10.: Ranks of C1 staff members according to Gender for the Faculty of Health 

Sciences for 2002 and 2005. 

Year Rank Male % Female % Total 
2002 Junior Lecturer 15 100 15 

Lecturer 5 18 23 82 28 
Senior Lecturer 8 33 16 67 24 
Associate Professor 12 75 4 25 16 
Professor 24 86 4 14 28 

Total 49 44 62 56 111 
2005 Junior Lecturer 1 5 21 95 22 

Lecturer 4 16 21 84 25 
Senior Lecturer 8 40 12 60 20 
Associate Professor 18 82 4 18 22 
Professor 22 79 6 21 28 

Total 53 45 64 55 117 

% 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

% 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
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Table A.5.1 : Academic Qualifications of C1 staff members at the University for 2002 and 2005. 

Academic Qualification 2002 Total 2005 
Male Female Male Female 

Undergraduate Diploma or Certificate 1 1 7 
First Bachelor's Degree 2 10 12 2 4 
Professional 1st Bachelor's Degree 10 17 27 6 16 
Post-graduate Diploma/Certificate 2 2 4 2 3 
Post-graduate Bacherlor's Degree 3 3 1 2 
Honours Degree 12 30 42 14 25 
Master's Degree 104 85 189 100 90 
2nd Master's Degree 6 3 9 9 3 
Doctoral Degree 316 92 408 296 108 

Doctoral Degree with a 2nd Master's Degree 17 1 18 16 5 
2nd and 3rd Doctoral Degrees 14 1 15 10 1 
Grand Total 483 245 728 456 264 

Table A.5.2: Academic Qualifications of C1 staff members for the Facutly of Arts for 2002 and 

2005. 

Academic Qualification 2002 Total 2005 
Male Female Male Female 

First Bachelor's Degree 1 4 5 1 1 
Professional 1st Bachelor's Degree 3 3 1 3 
Post-graduate Diploma/Certificate 2 1 3 1 
Post-graduate Bacherlor's Degree 1 
Honours Degree 6 5 11 6 3 
Master's Degree 20 23 43 20 24 

2nd Master's Degree 1 2 3 1 
Doctoral Degree 49 22 71 48 26 

Doctoral Degree with a 2nd Master's Degree 5 1 6 4 3 
2nd and 3rd Doctoral Deqrees 4 1 5 2 1 

Total 91 59 150 83 63 

Table A.5.3: Academic Qualifications of C1 staff members for the Facutly of Science for 2002 

and 2005. 

Academic Qualification 2002 Total 2005 
Male Female Male Female 

Post-graduate Bacherlor's Degree 1 
Honours Degree 1 1 2 1 
Master's Degree 13 13 26 5 10 

2nd Master's Degrees 1 
Doctoral Degree 87 26 113 81 27 

Doctoral Degree with a 2nd Master's Degree 1 

2nd and 3rd Doctoral Degrees 2 2 1 

Total 103 40 143 90 38 
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Table A.5.4 : Academic Qualifications of C1 staff members for the Faculty of Education for 2002 

and 2005. 

Acadlemic Qualification 2002 Total 2005 
Male Female Male Female 

Post-graduate Diploma/Certificate 1 1 
Honours Degree 1 1 2 1 

Master's Degree 2 10 12 4 8 

Doctoral Degree 14 9 23 11 10 

Doctoral Degree with a 2nd Master's Degree 2 2 1 

2nd and 3rd Doctoral Deqrees 1 1 1 

Total 20 21 41 17 19 

Table A.5.5: Academic Qualifications of C1 staff members for the Faculty of AgriSciences for 

2002 and 2005. 

Academic Qualification 2002 Total 2005 
Male Female Male Female 

Honours Degree 
Master's Degree 8 3 11 11 4 
Doctoral Degree 36 10 46 29 17 

Doctoral Degree with a 2nd Master's Degree 1 1 
2nd and 3rd Doctoral Deqrees 1 1 2 

Total 46 13 59 42 21 

Table A.5.6 : Academic Qualifications of C1 staff members for the Faculty of Law for 2002 and 

2005. 

Academic Qualification 2002 Total 2005 
Male Female Male Female 

Post-graduate Bacherlor's Degree 3 3 1 
Master's Degree 9 1 10 8 4 

2nd Master's Degree 1 1 1 
Doctoral Degree 12 3 15 9 5 
Total 22 7 29 18 10 

Table A.5.7: Academic Qualifications of C1 staff members for the Faculty of Theology for 2002 

and 2005. 

Academic Qualification 2002 Total 2005 
Male Female Male Female 

Masters Degree 1 
2nd Master's Degree 1 1 
Doctoral Degree 8 1 9 9 
Doctoral Degree with a 2nd Master's Degree 1 1 3 
2nd and 3rd Doctoral Deqrees 1 1 
Total 11 1 12 13 
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Table A.5.8 : Academic Qualifications of C1 staff members for the Faculty of Economic and 

Management Sciences for 2002 and 2005. 

Academic Qualification 2002 Total 2005 
Male Female Male Female 

First Bachelor's Degree 1 1 2 1 
Honours Degree 3 15 18 7 18 

Master's Degree 26 17 43 26 18 

2nd Master's Degrees 1 1 4 2 
Doctoral Degree 45 6 51 40 7 

Doctoral Degree with a 2nd Master's Degree 4 4 2 1 

2nd and 3rd Doctoral Degrees 1 1 1 

Total 81 39 120 81 46 

Table A.5.9 : Academic Qualifications of C1 staff members for the Faculty of Engineering for 

2002 and 2005. 

Academic Qualification 2002 Total 2005 
Male Female Male Female 

First Bachelor's Degree 2 1 3 
Post-graduate Diploma/Certificate 
Honours Degree 1 1 
Master's Degree 16 16 15 1 

2nd Master's Degree 1 1 2 
Doctoral Degree 38 1 39 39 2 

Doctoral Degree with a 2nd Master's Degree 2 2 2 
2nd and 3rd Doctoral Degrees 1 1 1 
Total 60 3 63 59 3 

Table A.5.10: Academic Qualifications of C1 staff members for the Faculty of Health Sciences 

for 2002 and 2005. 

Academic Qualification 2002 Total 2005 
Male female Male Female 

Undergraduate Diploma or Certificate 1 1 7 
First Bachelor's Degree 5 5 3 
Post-graduate Diploma/Certificate 5 16 21 5 13 
Post-graduate Diploma/Certificate 2 2 
Honours Degree 1 7 8 3 
Master's Degree 10 18 28 10 21 
2nd Master's Degree 1 1 2 1 
Doctoral Degree 27 14 41 30 14 
Doctoral Degree with a 2nd Master's Degree 2 2 3 1 
2nd and 3rd Doctoral Degrees 3 3 2 
Total 49 62 111 53 64 
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Table A.6: Average Research Output according to Faculty and Gender for 2002 to 2005. 

Faculty Male Female Total 

Arts 0.65 0.45 0.56 
Science 0.65 0.32 0.55 
Education 1.41 0.47 0.91 
AgriSciences 0.62 0.26 0.50 

Law 1.13 1.25 1.17 
Theology 2.21 2.21 
Economic and Management Sciences 0.37 0.12 0.28 
Engineering 0.56 0.05 0.53 
Health Sciences 0.41 0.17 0.28 

Total 0.65 0.32 0.53 

Table A. 7.1 : Correlations among variables in the remuneration dataset for 2005. 

Remuneration Research Rank Aqe PQualification AQualification 

Remuneration 1.00 0.28 0.85 0.44 0.32 
Research 0.28 1.00 0.50 0.14 -0.05 
Rank 0.85 0.50 1.00 0.50 0.13 
Age 0.44 0.14 0.50 1.00 0.02 
PQualification 0.32 -0.05 0.13 0.02 1.00 

AQualification 0.41 0.50 0.61 0.33 -0.18 

Table A. 7.2: Correlations among variables in the remuneration dataset for 2002. 

Remuneration Research Rank Aqe AQualification 
Remuneration 1.00 0.20 0.82 0.42 0.33 
Research 0.20 1.00 0.32 0.06 0.22 
Rank 0.82 0.32 1.00 0.44 0.49 
Age 0.42 0.06 0.44 1.00 0.26 
AQualification 0.33 0.22 0.49 0.26 1.00 

Table A. 7.3 : Correlations among variables in the remuneration dataset for male C1 staff 

members for 2005. 

0.41 
0.50 
0.61 
0.33 
-0.18 
1.00 

Remuneration Research Rank Age PQualification AQualification 
Remuneration 1.00 0.20 0.84 0.43 0.43 0.30 
Research 0.20 1.00 0.44 0.07 -0.05 0.44 
Rank 0.84 0.44 1.00 0.46 0.22 0.51 
Age 0.43 0.07 0.46 1.00 0.09 0.27 
PQualification 0.43 -0.05 0.22 0.09 1.00 -0.12 
AQualification 0.30 0.44 0.51 0.27 -0.12 1.00 
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Table A. 7.4 : Correlations among variables in the remuneration dataset for female C1 staff 

members for 2005. 

Remuneration Research Rank Age PQualification 

Remuneration 1.00 0.33 0.78 0.27 0.23 
Research 0.33 1.00 0.48 0.16 -0.03 
Rank 0.78 0.48 1.00 0.38 0.00 
Age 0.27 0.16 0.38 1.00 -0.13 
PQualification 0.23 -0.03 0.00 -0.13 1.00 

AQualification 0.40 0.50 0.65 0.25 -0.26 

Table A.7.5: Correlations among variables in the remuneration dataset for C1 staff 

members in the Faculty of Arts for 2005. 

Remuneration Research Rank Age PQualification 
Remuneration 1.00 0.45 0.88 0.49 0.04 
Research 0.45 1.00 0.52 0.16 -0.06 
Rank 0.88 0.52 1.00 0.48 -0.02 
Age 0.49 0.16 0.48 1.00 0.02 
PQualification 0.04 -0.06 -0.02 0.02 1.00 
AQualification 0.35 0.39 0.46 0.16 0.14 

Table A. 7.6: Correlations among variables in the remuneration dataset for C1 staff 

members in the Faculty of Science for 2005. 

Remuneration Research Rank Age AQualification 
Remuneration 1.00 0.50 0.90 0.58 0.44 
Research 0.50 1.00 0.45 0.11 0.22 
Rank 0.90 0.45 1.00 0.54 0.49 
Age 0.58 0.11 0.54 1.00 0.29 
A Qualification 0.44 0.22 0.49 0.29 1.00 

Table A. 7. 7 : Correlations among variables in the remuneration dataset for C1 staff 

members in the Faculty of Education for 2005. 

Remuneration Research Rank Age AQualification 
Remuneration 1.00 0.53 0.94 0.23 0.68 
Research 0.53 1.00 0.48 -0.10 0.54 
Rank 0.94 0.48 1.00 0.16 0.69 
Age 0.23 -0.10 0.16 1.00 0.11 
AQualification 0.68 0.54 0.69 0.11 1.00 

AQualification 
0.40 
0.50 
0.65 
0.25 
-0.26 

1.00 

AQualification 
0.35 
0.39 
0.46 
0.16 
0.14 
1.00 
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Table A. 7.8 : Correlations among variables in the remuneration dataset for C1 staff 

members in the Faculty of AgriSciences for 2005. 

Remuneration Research Rank Age AQualification 
Remuneration 1.00 0.49 0.78 0.71 0.44 
Research 0.49 1.00 0.38 0.31 0.16 
Rank 0.78 0.38 1.00 0.64 0.58 
Age 0.71 0.31 0.64 1.00 0.38 
AQualification 0.44 0.16 0.58 0.38 1.00 

Table A. 7.9: Correlations among variables in the remuneration dataset for C1 staff 

members in the Faculty of Law for 2005. 

Remuneration Research Rank Aqe PQualification 
Remuneration 1.00 0.49 0.83 0.81 0.18 
Research 0.49 1.00 0.39 0.21 0.04 
Rank 0.83 0.39 1.00 0.77 0.08 
Age 0.81 0.21 0.77 1.00 0.15 
PQualification 0.18 0.04 0.08 0.15 1.00 
AQualification 0.55 0.36 0.66 0.48 0.38 

Table A. 7.10: Correlations among variables in the Remuneration dataset for C1 staff 

members in the Faculty of Theology for 2005. 

Remuneration Research Rank Age AQualification 
Remuneration 1.00 0.56 0.89 0.74 0.24 
Research 0.56 1.00 0.50 0.36 0.40 
Rank 0.89 0.50 1.00 0.79 0.33 
Age 0.74 0.36 0.79 1.00 0.49 

AQualification 0.24 0.40 0.33 0.49 1.00 

AQualification 
0.55 
0.36 
0.66 
0.48 
0.38 
1.00 

Table A. 7. 11 : Correlations among variables in the remuneration dataset for C 1 staff 

members in the Faculty of Economic and Management Sciences for 2005. 

Remuneration Research Rank Aqe PQualification AQualification 

Remuneration 1.00 0.25 0.71 0.40 0.37 0.19 
Research 0.25 1.00 0.51 0.28 -0.19 0.37 
Rank 0.71 0.51 1.00 0.69 -0.13 0.60 
Age 0.40 0.28 0.69 1.00 -0.32 0.58 
PQualification 0.37 -0.19 -0.13 -0.32 1.00 -0.51 

AQualification 0.19 0.37 0.60 0.58 -0.51 1.00 

258 

Stellenbosch University  https://scholar.sun.ac.za



Table A. 7.12 : Correlations among variables in the remuneration dataset for C 1 staff members 

in the Faculty of Engineering for 2005. 

Remuneration Research Rank Aqe PQualification AQualification 
Remuneration 1.00 0.32 0.91 0.49 0.41 0.50 
Research 0.32 1.00 0.38 0.03 0.03 0.31 
Rank 0.91 0.38 1.00 0.50 0.37 0.59 
Age 0.49 0.03 0.50 1.00 0.52 0.17 
PQualification 0.41 0.03 0.37 0.52 1.00 0.23 
AQualification 0.50 0.31 0.59 0.17 0.23 1.00 

Table A. 7.13: Correlations among variables in the remuneration dataset for C1 staff members 

in the Faculty of Health Sciences for 2005. 

Remuneration Research Rank Aqe PQualification AQualification 
Remuneration 1.00 0.42 0.91 0.49 0.72 0.44 
Research 0.42 1.00 0.42 0.22 0.24 0.39 
Rank 0.91 0.42 1.00 0.49 0.58 0.59 
Age 0.49 0.22 0.49 1.00 0.17 0.22 
PQualification 0.72 0.24 0.58 0.17 1.00 0.17 
AQualification 0.44 0.39 0.59 0.22 0.17 1.00 

Table A. 7.14: Correlations among variables in the remuneration dataset for Lecturers, Junior 

Lecturers and Others for 2005. 

Remuneration Research Aqe AQualification 
Remuneration 1.00 0.01 0.12 0.18 
Research 0.01 1.00 0.02 0.27 
Age 0.12 0.02 1.00 -0.12 
AQualification 0.18 0.27 -0.12 1.00 

Table A. 7.15 : Correlations among variables in the remuneration dataset for Senior Lecturers 

for 2005. 

Remuneration Research Age AQualification 
Remuneration 1.00 -0.08 0.11 -0.32 
Research -0.08 1.00 -0.13 0.22 
Age 0.11 -0.13 1.00 0.05 

AQualification -0.32 0.22 0.05 1.00 

Table A. 7.16 : Correlations among variables in the remuneration dataset for Associate 

Professors and Professors for 2005. 

Remuneration Research Aqe AQualification 

Remuneration 1.00 -0.02 0.16 -0.33 
Research -0.02 1.00 -0.09 0.17 
Age 0.16 -0.09 1.00 0.05 

AQualification -0.33 0.17 0.05 1.00 
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AIPPIENID~X IB 

The R functions that were constructed for this assignment are given in Appendix B. 

The function numerical.integration() is used to calculate the estimated density remuneration values 

and the probabilities to earn more than each of these values. The probabilities are calculated using 

the functions numerical.integral() (users of R in the Departement of Statistics and Actuarial Science, 

Stellenbosch University). 

Arguments of the function: 

data : The data from which the density estimates is to be computed. 
bw.par The smoothing bandwidth to be used. 

function (data,bw.par) 

int.bo<-0 
int.onder<-0 
uit<-density(data,bw=bw.par(data)) 
n<-length(uit$x) 
for(i in l:n) { 
int.onder(i]<-numerical.integral(uit$x,uit$y,i) 
mat<-cbind(uit$x,1-int.onder) 
list(mat) 
} 

The function density.hist() is used to construct histograms with superimposed kernel density curves. 

This function is used to choose the smoothing bandwidth that constructs the kernel density curve that 

gives the best representation of the histogram. 

Arguments of the function: 

data : The data from which the density estimates is to be computed. 
bw.par : The smoothing bandwidth to be used. 
binwidth : The bin width to be used. 
start.value : Starting point for each bin. 
xmax : The limits for the x-axis. 
ymax : The upper limit for the y-axis. 
kernel.M : A character string giving the smoothing kernel to be 

used. 
x.coord and y.coord 

x.label and y.label 

The points at which tick-marks are to be drawn on the 
x and y axis. 
Vectors of character strings or expressions to be 
placed at the tickpoints on the x and y axis. 

title : a text value giving a title to be placed at the top of the graph. 
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function (data,bw.par,binwidth=h,start.value=-
h/1000,xmax,ymax, kernel.M="gaussian",x.coord,y.coord,x.label,y.label 
ti tle=NULL) 
{ 

if(binwidth>O & start.value>=O) { 
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truehist(data,xlab="Remuneration(x 10000)",ylab="Density(x 
0.00001)",h=binwidth,xO=start.value,xlim=xmax,ymax=ymax,xaxt="n",yaxt="n",c 
ex.lab=0.8,main=title)} 

if(bw.par=="bcv") { 
lines(density(data,bw=bcv(data),kern=kernel.M))} 

if(bw.par=="ucv") { 
lines(density(data,bw=ucv(data),kern=kernel.M))} 

if(bw.par=="nrd") { 
lines(density(data,bw=bw.nrd(data),kern=kernel.M))} 

if(bw.par=="nrdO") { 
lines(density(data,bw=bw.nrdO(data),kern=kernel.M))} 

if(bw.par=="ste") { 
lines(density(data,bw=width.SJ(data,method="ste"),kern=kernel.M))} 

if (bw. par=="dpi") { 
lines (density(data,bw=width.SJ(data,method="dpi"), kern=kernel.M))} 

axis(l,at=x.coord,labels=x.label,cex.axis=0.5) 
axis(2,at=y.coord,labels=y.label,cex.axis=0.5) 

The function func.density() is used to construct kernel density estimates. 

Arguments of the function: 

data : The data from which the density estimates is to be computed. 
bw.par : The smoothing bandwidth to be used. 
kernel.M : A character string giving the smoothing kernel to be 

used. 
x.vec and y.vec : the x and y coordinates of the points in the plot. 
x.coord and y.coord the points at which tick-marks are to be drawn on the 

x and y axis. 
x.label and y.label vectors of character strings or expressions to be 

placed at the tickpoints on the x and y axis. 
Title : a text value giving a title to be placed at the top of the graph. 

function(data,bw.par,kernel.M="gaussian",x.vec,y.vec,x.coord,y.coord,x.labe 
l,y.label,title=NULL) 
{ 

plot(x.vec,y.vec,xlab="Remuneration(x 10000) (Rand)",ylab="Density(x 
0.00001)",type="n",xaxt="n",yaxt="n",main=title) 
lines(density(data,bw=bw.par(data),kern=kernel.M)) 
y.data<-density(data,bw=bw.par(data),kern=kernel.M)$y 
lines(c(mean(data),mean(data)),c(par(c("usr")) [l],max(y.data) ),lty=2) 
axis(l,at=x.coord,labels=x.label,cex.axis=0.8) 
axis(2,at=y.coord,las=2,labels=y.label,cex.axis=0.8)} 
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Example: 

To construct kernel density estimates of the densities associated with the remuneration staff members 

in the Faculty of Engineering the function tune.density() is called as follows: 

func.density(INGOS[,2],bw.par=bw.nrd,x.vec=c{0,600000),y.vec=c{0,0.000016), 
x.coord=seq(0,600000,100000),y.coord=seq(0,0.000016,0.000001),x.label=seq(O 
,60,10),y.label=seq(0,0.16,0.01),title="2005") 

The function gender.density() is used to construct kernel density estimates of the densities associated 

with the remuneration of male and female staff members in the 9 respective faculties. 

Arguments of the function: 

data : A data matrix. The second column contains the levels of the 
categorical variable gender and the first column contains the 
remuneration values. 

bw.vec : A vector containing the smoothing bandwidth to be used for each of 
the densities. 

x.vec and y.vec : The x and y coordinates of the points in the plot. 
x.coord and y.coord the points at which tick-marks are to be drawn on the 

x and y axis. 
x.label and y.label Vectors of character strings or expressions to be 

placed at the tickpoints on the x and y axis. 
lty.vec 
lty.col 
leg.title 
leg.coord 
title : A 

The line types for lines appearing in the legend. 
The color of lines appearing in the legend. 
: A vector of text values to appear in the legend. 
: The x and y co-ordinates to be used to position the legend. 
text value giving a title to be placed at the top of the graph. 

Function gender.density(): 

function(data,bw.vec,kernel.M="gaussian",x.vec,y.vec,x.coord,y.coord,x.labe 
l,y.label,lty.vec=c(l,2),col.vec=c{2,4),leg.title=c{"Male","Female"),leg.co 
ord,title=NULL) 
{ 
plot(x.vec,y.vec,xlab="Remuneration.(x 10000) (Rand)",ylab="Density(x 
0.00001)",type="n",cex.lab=0.8,xaxt="n",yaxt="n",main=title,cex.main=0.98) 
f.vec<-0 
m.vec<-0 
for(gender in levels(factor(data[,2]))) { 
if (gender==l) { 
m.vec<-as.matrix(data[data[,2]==gender,] [,1]) 

if(bw.vec[l]=="bcv") { 
lines(density(m.vec,bw=bcv(m.vec),kern=kernel.M),lty=lty.vec[l],col=col.vec 
[ 1]) 
dl.vec<-density(m.vec,bw=bcv(m.vec),kern=kernel.M) 
} 

if(bw.vec[l]=="ucv") { 
lines(density(m.vec,bw=ucv(m.vec),kern=kernel.M),lty=lty.vec[l),col=col.vec 
[ 1]) 
dl.vec<-density(m.vec,bw=ucv(m.vec),kern=kernel.M)} 
if(bw.vec[l)=="nrd") { 
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lines(density(m.vec,bw=bw.nrd(m.vec),kern=kernel.M),lty=lty.vec[l],col=col. 
vec [ 1]) 
dl.vec<-density(m.vec,bw=bw.nrd(m.vec),kern=kernel.M) 
} 

if(bw.vec[l]=="nrdO") { 
lines(density(m.vec,bw=bw.nrdO(m.vec),kern=kernel.M),lty=lty.vec[l],col=col 
.vec[l]) 
dl.vec<-density(m.vec,bw=bw.nrdO(m.vec),kern=kernel.M) 
} 

if(bw.vec[l]=="ste") { 
lines(density(m.vec,bw=width.SJ(m.vec,method="ste"),kern=kernel.M),lty=lty. 
vec[l],col=col.vec[l]) 
dl.vec<-density(m.vec,bw=width.SJ(m.vec,method="ste"),kern=kernel.M) 
} 

if(bw.vec[l]=="dpi") { 
lines(density(m.vec,bw=width.SJ(m.vec,method="dpi"),kern=kernel.M),lty=lty. 
vec[l],col=col.vec[l]) 
dl.vec<-density(m.vec,bw=width.SJ(m.vec,method="dpi"),kern=kernel.M) 
} 

} 

if(gender==2) { 
f.vec<-as.matrix(data[data[,2]==gender,] [,1]) 

if(length(f.vec)>7) { 
if(bw.vec[2]=="bcv") { 

lines(density(f.vec,bw=bcv(f.vec),kern=kernel.M),lty=lty.vec[2],col=col.vec 
[ 2] ) 

d2.vec<-density(f.vec,bw=bcv(f.vec),kern=kernel.M) 
} 

if(bw.vec[2)=="ucv") { 

lines(density(f.vec,bw=ucv(f.vec),kern=kernel.M),lty=lty.vec[2],col=col.vec 
[2]) 

d2.vec<-density(f.vec,bw=ucv(f.vec),kern=kernel.M) 
} 

if(bw.vec[2]=="nrd") { 

lines(density(f.vec,bw=bw.nrd(f.vec),kern=kernel.M),lty=lty.vec[2],col=col. 
vec [2]) 

d2.vec<-density(f.vec,bw=bw.nrd(f.vec),kern=kernel.M) 
} 

if(bw.vec[2]=="nrd0") { 

lines(density(f.vec,bw=bw.nrdO(f.vec),kern=kernel.M),lty=lty.vec[2],col=col 
. vec [2]) 

d2.vec<-density(f.vec,bw=bw.nrd0(f.vec),kern=kernel.M) 
} 

if(bw.vec[2]=="ste") { 
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lines(density(f.vec,bw=width.SJ(f.vec,method="ste"),kern=kernel.M),lty=lty. 
vec[2],col=col.vec[2]) 

d2.vec<-density(f.vec,bw=width.SJ(f.vec,method="ste"),kern=kernel.M) 
} 

if(bw.vec[2]=="dpi") { 

lines(density(f.vec,bw=width.SJ(f.vec,method="dpi"),kern=kernel.M),lty=lty. 
vec[2],col=col.vec[2]) 

d2.vec<-density(f.vec,bw=width.SJ(f.vec,method="dpi"),kern=kernel.M) 
} 

} 

} 

} 

if(length(f.vec)>7) { 

lines(c(mean(f.vec),mean(f.vec)),c(par(c("usr")) [1],max(c(dl.vec$y,d2.vec$y 
) ) ) , lty=2) 

lines(c(mean(m.vec),mean(m.vec)),c(par(c("usr")) [1],max(c{dl.vec$y,d2.vec$y 
) ) ) , l t y= 1 ) } 
else{ 

lines(c(mean(m.vec),mean(m.vec)),c(par(c("usr")) [1],max(c(dl.vec$y))),lty=l 
) } 

axis(l,at=x.coord,labels=x.label,cex.axis=0.8) 
axis(2,at=y.coord,las=2,labels=y.label,cex.axis=0.8) 
legend(leg.coord[l],leg.coord[2],legend=leg.title,lty=lty.vec,bty="n",col=c 
ol.vec,cex=0.8) 
} 

Example: 

To construct kernel density estimates of the densities associated with the remuneration of male and 

female staff members for the 2003 remuneration dataset on the same graph the function 

gender.density() is called as follows: 

gender.density(vergoed03[,c(l,4)],bw.vec=c("nrd","nrd"),kernel.M="gaussian" 
,x.vec=c(0,800000),y.vec=c(0,0.000008),x.coord=seq(0,800000,100000),y.coord 
=seq(0,0.000008,0.000001),x.label=seq(0,80,10),y.label=seq(0,0.08,0.01),lty 
.vec=c{l,2),col.vec=c(2,4),leg.title=c{"Male","Female"),leg.coord=c{400000, 
0.000008),title="2003") 

The function faculty.density() is used to construct kernel density estimates of the densities associated 

with the remuneration of the 9 respective faculties on the same graph. The bandwidths and kernels 

for the respective faculties were selected by using the function density.hist(). 

Arguments of the function: 
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A data matrix. The second column contains the levels of the categorical 
variable faculty and the first column contains the 
remuneration values. 

kernel.M : A character string giving the smoothing kernel to be 
used. 
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x.vec and y.vec : The x and y coordinates of the points in the plot. 
x.coord and y.coord The points at which tick-marks are to be drawn on the 

x and y axis. 
x.label and y.label Vectors of character strings or expressions to be 

placed at the tickpoints on the x and y axis. 
lty.vec 
lty.col 
leg.title 
leg.coord 
title : A 

The line types for lines appearing in the legend. 
The color of lines appearing in the legend. 
: A vector of text values to appear in the legend. 
: The x and y co-ordinates to be used to position the legend. 
text value giving a title to be placed at the top of the graph. 

Function faculty.density(): 

function(data,kernel.M="gaussian",x.vec,y.vec,x.coord,y.coord,x.label,y.lab 
el,lty.vec,col.vec,leg.title=c("Arts","Science","Education","AgriSciences", 
"Law","Theology","Econ&Man","Engineering","Health 
Sciences"),leg.coord,title=NULL) 
{ 

plot(x.vec,y.vec,xlab="Remuneration(x 10000)",ylab="Density(x 
0.00001)",type="n",xaxt="n",yaxt="n",cex.lab=l,main=title) 
for(faculty in levels(factor(data[,2]))) { 
if(faculty=="l") { 

data.vec<-as.matrix(data[data[,2]==faculty,] [,l]) 
if(length(data.vec)>S) 

lines(density(data.vec,bw=bw.nrd(data.vec),kern=kernel.M),lty=lty.vec[l],co 
l=col.vec[l))} 
if(faculty=="2") { 

data.vec<-as.matrix(data[data[,2]==faculty,) (,1)) 
if(length(data.vec)>S) 

lines(density(data.vec,bw=bw.nrd(data.vec),kern=kernel.M),lty=lty.vec[2),co 
l=col. vec [2))} 
if(faculty=="3") { 
data.vec<-as.matrix(data[data[,2)==faculty,) [,l)) 
if(length(data.vec)>S) 

lines(density(data.vec,bw=bw.nrd(data.vec),kern=kernel.M),lty=lty.vec[3],co 
l=col.vec[3))} 
if(faculty=="4") { 

data.vec<-as.matrix(data[data[,2)==faculty,) (,1)) 
if(length(data.vec)>S) 

lines(density(data.vec,bw=bw.nrd(data.vec),kern=kernel.M),lty=lty.vec[4],co 
l=col. vec [ 4) ) } 
if(faculty=="S") { 
data.vec<-as.matrix(data[data[,2)==faculty,) [,l)) 
if(length(data.vec)>S) 

lines(density(data.vec,bw=bw.nrdO(data.vec),kern=kernel.M),lty=lty.vec[S],c 
ol=col. vec [ 5] ) } 
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if ( faculty=="6") { 
data.vec<-as.matrix(data[data[,2]==faculty,] [,l]) 
if(length(data.vec)>5) 
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lines(density(data.vec,bw=bw.nrd(data.vec),kern=kernel.M),lty=lty.vec[6],co 
l=col.vec[6])} 
if(faculty=="7") { 

data.vec<-as.matrix(data[data[,2]==faculty,] [,l]) 
if(length(data.vec)>5) 

lines(density(data.vec,bw=bw.nrdO(data.vec),kern=kernel.M),lty=lty.vec[7],c 
ol=col.vec[7])} 
if(faculty=="8") { 

data.vec<-as.matrix(data[data[,2J==faculty,] [,l]) 
if(length(data.vec)>5) 

lines(density(data.vec,bw=bw.nrd(data.vec),kern=kernel.M),lty=lty.vec[B],co 
l=col.vec[8])} 
if(faculty=="9") { 
data.vec<-as.matrix(data[data[,2J==faculty,] [,l]) 
if(length(data.vec)>5) 

lines(density(data.vec,bw=bw.nrd(data.vec),kern=kernel.M),lty=lty.vec[9],co 
l=col.vec[9])} 
} 

axis(l,at=x.coord,labels=x.label,cex.axis=0.9) 
axis(2,at=y.coord,las=2,labels=y.label,cex.axis=0.9) 
legend(leg.coord(l],leg.coord[2],legend=leg.title,lty=lty.vec,bty="n",col=c 
ol.vec,cex=0.8) 

Example: 

To construct kernel density estimates of the densities associated with the remuneration of the 9 

respective faculties on the same graph the function faculty.density() is called as follows: 

faculty.density(data,x.vec=c(0,700000),y.vec=c(0,0.00002),x.coord=seq(0,700 
000,100000),y.coord=seq(0,0.00002,0.000001),x.label=seq(0,70,10),y.label=se 
q ( 0, 0. 2, 0. 01) , 1 ty. vec=c ( 1, 2, 3, 4, 5, 6, 7, 8, 6) , col. vec=c ( 1, 2, 3, 4, 14, 1, 13, 11, 15) 
,leg.coord=c(550000,0.00002),title="2002") 

The function faculty.density() is used to construct kernel density estimates of the densities associated 

with the remuneration of the 9 respective faculties on the same graph. The bandwidths and kernels 

for the respective faculties were selected by using the function density.hist(). 
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The function EM() is used to execute the EM-algorithm for unequal variances. 

Arguments of the function: 

epsilon : A very small value. If the difference between successive 
parameter estimates is smaller than epsilon the algorithm stops. 

y A vector containing the data. 
n Number of observations n the data vector. 
k Number of groups. For this study k=2. 
p.var : Vector with the initial values for n 1 and n 2 • 

mul Initial value for µI. 

mu2 : Initial value for µ2. 

sigmal Initial value for cr I . 

sigma2 Initial value for cr2 . 

function (epsilon,y,n,k,p.var,mul,mu2,sigmal,sigma2) 
{ 

fO<-dnorm(y,mul,sigmal) 
fl<-dnorm(y,mu2,sigma2) 
p.vars<-matrix(O,ncol=6,nrow=100000) 
i<-1 
likelihood<-0 
e<-e.step(fl,fO,n,k,p.var) 
likelihoodl<-log.likelihood(p.var,fO,fl) 
first.var<-cbind(p.var[l],p.var[2],mul,mu2,sigmal,sigma2,likelihoodl) 
test.var<-likelihoodl 
repeat{ 
e<-e.step(fl,fO,n,k,p.var) 
p.vars[i,]<-m.step(e,n,k,y) 
p.var<-p.vars[i,1:2] 
mul<-p.vars[i,3] 
mu2<-p.vars[i,4] 
sigmal<-sqrt(p.vars[i,5]) 
sigma2<-sqrt(p.vars[i,6]) 
fO<-dnorm(y,mul,sigmal) 
fl<-dnorm(y,mu2,sigma2) 

likelihood[i]<-log.likelihood(p.var,fO,fl) 
if(abs(test.var-likelihood[i])<epsilon I I is.na(likelihood[i])) { 
break} 
test.var<-likelihood[i] 
i<-i+l 

uit<-cbind(p.vars,likelihood) 
uit<-rbind(first.var,uit) 
col names (ui t) <-c ( "pil", "pi2", "mul", "mu2", "sigmal", "sigma2", "likelihood") 
return(uit[l:i,]) 
} 

The function EM.EQ. VAR() is used to execute the EM-algorithm for equal variances. 

Arguments of the function: 

itt : Number of iterations before the algorithm must stop execution. 
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y A vector containing the data. 
n Number of observations n the data vector. 
k Number of groups. For this study k=2. 
p.var : Vector with the initial values for n 1 and n 2 • 

mul 

mu2 : 

sigmal 

sigma2 

Initial value for 

Initial value for 

Initial value 

Initial value 

µI. 

µ2. 

for cr1 . 

for cr2 . 

function (itt,y,n,k,p.var,mul,mu2,sigma) 
{ 

fO<-dnorm(y,mul,sigma) 
fl<-dnorm(y,mu2,sigma) 
p.vars<-matrix(O,ncol=5,nrow=itt) 
i<-1 
likelihood<-0 
e<-e.step2(fl,f0,n,k,p.var) 
likelihoodl<-log.likelihood(p.var,fO,fl) 
first.var<-cbind(p.var[l],p.var[2],mul,mu2,sigma,likelihoodl) 
for(i in l:itt) { 
e<-e.step(fl,fO,n,k,p.var) 
p.vars[i,]<-m.step(e,n,k,y) 
p.var<-p.vars[i,1:2] 
mul<-p.vars[i,3] 
mu2<-p.vars[i,4] 
p.vars[i,5]<-sqrt(p.vars[i,5]) 
sigma<-p.vars[i,5] 
fO<-dnorm(y,mul,sigma) 
fl<-dnorm(y,mu2,sigma) 
likelihood[i]<-log.likelihood(p.var,fO,fl) 

uit<-cbind(p.vars,likelihood) 
uit<-rbind(first.var,uit) 
colnames(uit)<-c("pil","pi2","mul","mu2","sigma","likelihood") 
return(uit)} 

The function log.likelihood() is used by the functions EM() and EM.EQ. VAR() to calculate the log
likelihood. 

function (p.var,fO,fl) 
{ 

l.var<-0 
l.var<-log(p.var[l]*f0+p.var[2]*fl) 
return(sum(l.var)) 
} 
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The function e.step() is used by the functions EM() and EM.EQ. VAR() to perform the Expectation-step 
of the EM-algorithm. 

function (fl,fO,n,k,p.var) 
{ 

e.value<-matrix(O,ncol=k,nrow=n) 
for(i in l:n) { 
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e.value[i,2)<-(p.var[2)*fl[i) )/(p.var[2)*fl[i)+(l-p.var[2))*f0[i)) 
e.value[i,1)<-(p.var[l)*fO[i) )/(p.var[l)*fO[i)+(l-p.var[l))*fl[i)) 
} 

return(e.value) } 

The function m.step() is used by the functions EM() and EM.EQ. VAR() to perform the Maximization
step of the EM-algorithm. 

function (e,n,k,y) 

vek<-0 
mu<-0 
sigma<-0 
prob.var<-0 
for(h in l:k) { 
prob.var[h)<-(1/n)*sum(e[,h)) 
mu[h)<-(1/(n*prob.var[h)))*(t(e[,h))%*%y)} 
for ( i in 1 : k) { 
sigma<-sigma+(l/n)*sum((t(e[,i))%*%((y-mu[i))*(y-mu[i)))))} 
vek<-cbind(t(prob.var),t(mu),t(sigma)) 
return (vek) 
} 

The function mybxp(): Constructs notched boxplots of the given (grouped) values. Programming code 

were added to the R function bxp() to give the user the option to colour the notches and to plot the 

means on the boxplots. The new function is called mybxp(). 

New arguments added to the function bxp(): 

data : A data matrix. The second column contains the levels of the 
group variable and the first column contains the 
remuneration values. 

means : If means=TRUE the means of the group variables will be plotted on 
the boxplot. 

notchfill : If notfill=TRUE the notches will be coloured. 
confcol : A text vector indicating the colours for the notch and the box. 
medld : Line width of the median line. 
y.coord 
y.label 

The points at which tick-marks are to be drawn on the y axis. 
Vector of character strings or expressions to be 
placed at the tickpoints on y axis. 

function (formula,data=NULL, means=FALSE,notch = FALSE, 
notchfill = TRUE,confcol=NULL,names=NULL, width= NULL, varwidth = FALSE, 
outline= TRUE, notch.frac = 0.5, log="", border= par("fg"), col= 
par("bg"), pars= NULL, frame.plot= axes, horizontal= FALSE, add 
FALSE, at= NULL, show.names= NULL,medld,y.coord,y.label, ... ) 

mean.vec<-NULL 
#caculates the vector with the group means 
for(i in levels(factor(data[,2)))) { 
mean.vec[i)<-mean(data[data[,2)==i,) (,1))} 

z<-boxplot(formula,plot=FALSE,notch=notch,names=names) 

pars<- c(pars, list( ... )) 
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if (!missing(col)) 
warning("argument 'col' is deprecated in favour of 'boxfill'") 

bplt <- function(x, mean.x, wid, stats, out, conf, 
notch,notchfill,confcol, xlog, i) { 

if (!any(is.na(stats))) { 
xP <- if (xlog) 

function(x, w) x * exp(w) 
else function(x, w) x + w 
wid <- wid/2 
if (notch) { 

xx <- xP(x, wid * c(-1, 1, 1, notch.frac, 1, 
1, -1, -1, -notch. frac, -1)) 

yy <- c(stats[c(2, 2)], conf[l], stats[3], conf[2], 
stats[c(4, 4)], conf[2], stats[3], conf[l]) 

if (notchfill) { 
#colour notches 
notch.x<-xP(x,wid*c(-notch.frac,-1,1,notch.frac,

notch.frac,-1,1,notch.frac,1)) 
notch.y<-

c(stats [3] ,conf[l] ,conf[l], stats [3], stats [3] ,conf[2] ,conf[2], stats [3]) 
polygon(notch.x[1:4],notch.y[1:4],col=confcol[2]) 
polygon(notch.x[5:8],notch.y[5:8],col=confcol[2]) 

#colour the rest of box in boxplot 
xl <- xP(x, wid * c(-1, -1, 1, 1, -1, -1, 1, 1)) 
yl <-

c (stats ( 2], conf [ l], conf [ l], stats [ 2], stats [ 4], conf [ 2], conf [2], stats [ 4]) 
if(notch.y[2]<yl[l)) { 

else 

polygon(x1[1:4],y1[1:4])} 
if(notch.y[6]>y1[5]) { 
polygon(x1[5:8],y1[5:8])} 

if(notch.y[2]>yl[l]) { 
polygon(x1[1:4],y1[1:4],col=confcol[l])} 

if(notch.y[6]<y1[5]) { 
polygon(x1[5:8],y1[5:8],col=confcol[l))} 

xx<- xP(x, wid * c(-1, 1, 1, -1)) 
yy <- St at S [ C ( 2 f 2 I 4 I 4 ) ) 

if (!notch) 
notch.frac <- 1 

wntch <- notch.frac * wid 
xypolygon(xx, yy, lty ="blank", col= boxfill(i]) 
xysegments(xP(x, -wntch), stats[3), xP(x, +wntch), 

stats[3), lty = medlty[i], lwd = medld, col= "white") 
xypoints(x, stats[3], pch = medpch[i], cex = medcex[i], 

col= medcol[i], bg = medbg[i]) 
xysegments(rep.int(x, 2), stats[c(l, 5)], rep.int(x, 
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2), stats[c(2, 4)], lty = whisklty[i], lwd = whisklwd[i], 
col= whiskcol[i]) 

xysegments(rep.int(xP(x, -wid * staplewex), 2), stats[c(l, 
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5)), rep.int(xP(x, +wid * staplewex), 2), stats[c(l, 
5)), lty = staplelty[i), lwd = staplelwd[i), 
col = staplecol[i)) 

xypolygon(xx, yy, lty = boxlty[i), lwd = boxlwd[i), 
border= boxcol[i)) 

if ((nout <- length(out)) > 0) { 
xysegments(rep(x - wid * outwex, nout), out, 

rep(x + wid * outwex, nout), out, lty = outlty[i), 
lwd = outlwd[i), col= outcol[i)) 

xypoints(rep.int(x, nout), out, pch = outpch[i), 
cex = outcex[i), col= outcol[i), bg = outbg[i)) 

if (any(inf <- !is.finite(out))) { 

if (means) { 

warning(sprintf(ngettext(length(unique(out[inf))), 
"Outlier (%s) in boxplot %d is not drawn", 
"Outliers (%s) in boxplot %dare not drawn"), 
paste(unique(out[inf)), collapse=", "), x), 
domain = NA) 

points(x,mean.x,pch=3} 

if (!is.list(z) II 0 == (n <- length(z$n))) 
stop("invalid first argument") 

if (is.null(at)) 
at <- l:n 

else if (length (at) ! = n) 
stop("'at' must have same length as 'z$n', i.e. ", n) 

if (is.null(z$out)) 
z$out <- numeric() 

if (is.null(z$group) II !outline) 
z$group <- integer() 

if (is.null(pars$ylim)) 
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ylim <- range(z$stats[is.finite(z$stats)), z$out[is.finite(z$out)), 
if (notch) 

z$conf[is.finite(z$conf))) 
else { 

ylim <- pars$ylim 
pars$ylim <- NULL 

if (length(border) == 0) 
border <- par("fg") 

if (!add) { 
win.graph(width=120,height=100) 
plot. new () 
if (horizontal) 

plot.window(ylim = c(0.5, n + 0.5), xlim = ylim, 
log = log, xaxs = pars$yaxs) 

else plot.window(xlim = c(0.5, n + 0.5), ylim = ylim, 
log = log, yaxs = pars$yaxs) 

xlog <- (par("ylog") && horizontal) I I (par("xlog") && !horizontal) 
pcycle <- function(p, defl, def2 =NULL) rep(if (length(p)) 

p 
else if (length(defl)) 
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de fl 
else def2, length.out = n) 
boxlty <- pcycle(pars$boxlty, pars$lty, par("lty")) 
boxlwd <- pcycle(pars$boxlwd, pars$lwd, par("lwd")) 
boxcol <- pcycle(pars$boxcol, border) 
boxfill <- pcycle(pars$boxfill, col) 
boxwex <- pcycle(pars$boxwex, 0.8 * { 

} ) 

if (n <= 1) 
1 

else quantile(diff(sort(if (xlog) 
log(at) 

else at)), 0.1) 

medlty <- pcycle(pars$medlty, pars$lty, par("lty")) 
medlwd <- pcycle(pars$medlwd, 3 * pars$lwd, 3 * par("lwd")) 
medpch <- pcycle(pars$medpch, as.integer(NA)) 
medcex <- pcycle(pars$medcex, pars$cex, par("cex")) 
medcol <- pcycle(pars$medcol, border) 
medbg <- pcycle(pars$medbg, pars$bg, par("bg")) 
whisklty <- pcycle(pars$whisklty, pars$lty, "dashed") 
whisklwd <- pcycle(pars$whisklwd, pars$lwd, par("lwd")) 
whiskcol <- pcycle(pars$whiskcol, border) 
staplelty <- pcycle(pars$staplelty, pars$lty, par("lty")) 
staplelwd <- pcycle(pars$staplelwd, pars$lwd, par("lwd")) 
staplecol <- pcycle(pars$staplecol, border) 
staplewex <- pcycle(pars$staplewex, 0.5) 
outlty <- pcycle(pars$outlty, "blank") 
outlwd <- pcycle(pars$outlwd, pars$lwd, par("lwd")) 
outpch <- pcycle(pars$outpch, pars$pch, par("pch")) 
outcex <- pcycle(pars$outcex, pars$cex, par("cex")) 
outcol <- pcycle(pars$outcol, border) 
outbg <- pcycle(pars$outbg, pars$bg, par("bg")) 
outwex <- pcycle(pars$outwex, 0.5) 
width<- if (!is.null(width)) { 

if (length(width) != n I any(is.na(width)) I any(width <= 
0)) 
stop("invalid boxplot widths") 

boxwex * width/max(width) 

else if (varwidth) 
boxwex * sqrt(z$n/max(z$n)) 

else if (n == 1) 
0.5 * boxwex 

else rep.int(boxwex, n) 
if (horizontal) { 

xypoints <- function(x, y, ... ) points(y, x, ... ) 
xypolygon <- function(x, y, ... ) polygon(y, x, ... ) 
xysegments <- function(xO, yO, xl, yl, ... ) segments(yO, 

else 

xO, yl, xl, ... ) 

xypoints <- points 
xypolygon <- polygon 
xysegments <- segments 

for (i in l:n)bplt(at[i], mean.x=mean.vec[i],wid 
z$stats [, 

width[i), stats 
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i), out= z$out[z$group == i], conf 
notch,notchfill=notchfill, confcol=confcol, 

xlog = xlog, i = i) 

axes<- is.null(pars$axes) 
if (!axes) { 

axes <- pars$axes 
pars$axes <- NULL 

if (axes) 

z$conf[, i], notch 

ax.pars <- pars[names(pars) %in% c("xaxt", "yaxt", "las", 
"cex.axis", "col.axis", "format")) 

if (is.null(show.names)) 
show.names <- n > l 

if (show.names) 
do.call("axis", c(list(side = 1 +horizontal, at= at, 

labels= z$names), ax.pars)) 
do.call("Axis", c(list(x = z$stats, side= 2 - horizontal), 

ax.pars)) 

do.call("title", pars[names(pars) %in% c("main", "cex.main", 
"col.main", "sub", "cex.sub", "col.sub", "xlab", "ylab", 
"cex. lab", "col. lab"))) 

if (frame.plot) 
box() 

axis(2,at=y.coord,las=2,labels=y.label,cex.axis=0.7) 

Example: 
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To construct notched boxplots for the remuneration distributions of C1 staff members for 2002, 2003, 
2004 and 2005 the function mybxp() is called as follows: 

mybxp(vergoed[,2)-vergoed[,1),means=TRUE,cbind(vergoed[,2],vergoed[,1)),not 
ch=TRUE,notchfill=TRUE,confcol=c("lightsteelblue","steelblue"),names=c("200 
2","2003","2004","2005"),las=l,xlab="Year",ylab="Remuneration(x 10000) 
(Rand)",yaxt="n",outlty=l,outpch=NA,medlwd=0.2,cex.axis=0.7,medlwd=lOO,boxw 
ex=0.4,medld=2,y.coord=seq(0,700000,100000),y.label=seq(0,70,10)) 
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