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Preface 
 

 

 

 

 

 

 

 

 

valuation of BA programs is periodically conducted in 

the Portuguese public education system, involving 
inspection of indicators of teaching patterns and 

student achievement. In its course, primary information is 

gathered which provides a natural database for a more 

complex multivariate study of the teaching process. It was the 
purpose of this research to depart from information collected 

for the 2000/2001 Self-Evaluation report of the Business BA 

×ÙÖÎÙÈÔɯ ÖÍɯ ÛÏÌɯ %ÈÊÜÓËÈËÌɯ ËÌɯ "Ð÷ÕÊÐÈÚɯ $ÊÖÕĞÔÐÊÈÚɯ Ìɯ

$Ô×ÙÌÚÈÙÐÈÐÚɯÖÍɯ4ÕÐÝÌÙÚÐËÈËÌɯ"ÈÛĞÓÐÊÈɯ/ÖÙÛÜÎÜÌÚÈɯÈÕËɯÚÌÈÙÊÏɯ

for identifying patterns of the teaching -mix, and along with it, 
of student achievement. 

On the one hand, principal component decomposition 

provided a general view of the programme main features; 

discriminant analysis confirmed both scientific area and 

credit score category as providing significant affiliatio n 
identity to the programme courses.  

E 



On the other, student performance was found significantly 

related to daily scheduling, teachers profiles and evaluation 
practices ɬ even if some of the encountered effects may be 

thought endogenous, but impossible to be controlled for due 

to the lack of information on student effort.  

 
 

Dr. Ana Paula Martins 
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21 September 2021 
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Introduction  
 

 

 
 
 
 
 
 
 
 
 
 
 

tudent performance is usually sought as a primary goal 

of the teaching process. A huge amount of literature has 

devoted attention to the issue and education in 
economics is even the subject of periodically published 

scientific research. Usually, such research is based on partial 

information, relying on more or less specific surveys oriented 

to prov e or disproved particular claims. In this research, we 

address many of the questions usually relevant in higher -
education output analysis. Yet, benefiting from a broadly 

defined primary data set, collected to provide overall 

appraisal of a business BA program, we were able to 

juxtapose much of the different factors, find linkages among 

them, and suggest causality towards student performance 
ratios and indicators. Moreover, a multivariate 

characterization of a successful, flexible and diversified BA 

program ɬ nevertheless, of extinct format -, with around 650 

students in the 2000/2001 academic year, was designed along 
the way. 

S 
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The research main task was to build a comprehensive data 

set that would include a broad range of teaching features of 
any graduation p rogramme. We relied on the general 

questioning regarding course student enrolment and 

performance, credit score and type and hours of weekly 

ÓÌÊÛÜÙÌÚȮɯÈÕËɯÊÖÜÙÚÌɯÛÌÈÊÏÌÙÚɀɯ×ÙÖÍÐÓÌÚɯÈÕËɯÞÖÙÒÓÖÈËɯɬ which 
we were able to cross -, but we could also build specific 

variables describing the course position in the programme 

hierarchy, evaluation methods, required bibliography, and 

even daily class schedule characteristics. 

The useable data has one-semester courses - of a two-
semester schooling year, 2000/2001 - as observation units. One 

can categorize the available information in the following 

topics: 

- operating characteristics: student enrolment and active 

division classes, lecture types and weekly schedule. 
- student performance: exam attendance; success rates; 

average passing score (on a 0 ɬ 20 scale, requiring a 

minimum of 10 to pass a course.) 

- programme status: credit system score, scientific area 
affiliation, position in programme schedule and 

requirement network  

- ÛÌÈÊÏÌÙÚɀɯ×ÙÖÍÐÓÌÚȯɯÕÜÔÉÌÙȮɯËÌÎÙÌÌȮɯ×ÙÖÍÌÚÚional category, 

work -load, and demographic characteristics 

- teaching mode: based on syllabus information on course 
requirements, including indicators on program section 

density, bibliography extent and nature, evaluation 

procedures. 

A summary construct of  each set would provide the 

unifying characterization ɬ and we used principal 
components (or factor analysis), independently for each set ɬ 

except student performance - of the previous categories and 

for a general one.  

At first sight, two main features wo uld appear to be 
identifying: credit score and area affiliation - the programme 
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works on a credit system with requirements on each of 

specific scientific branches. The derived principal components 
were subject to discriminant analysis in an attempt to posi tion 

areas and credit scores. As useful benchmarks for national 

and international comparisons, courses averages by area and 

credit score of all the variables were also calculated and 
provided in Appendix 3.  

A different perspective would come from multiple 

regression explaining student performance. This is usually 

considered the primary objective of education and we were 

able to distinguish four features with its respect: exam 
attendance ɬ 1 minus the course drop-out rate; course success 

rates; average passing grades; and concluding Final Exam ɬ 

offered exceptionally to students at most two courses away 

from completing the degree requirements - success rates. We 

would not expect to identify particular influencing variables 
ÉàɯÛÏÌɯÜÚÌɯÖÍɯÛÏÌɯËÌÙÐÝÌËɯ×ÊɀÚȭɯ1ÈÛÏer, we relied on stepwise 

regression to objectively point to the most important 

explanatory candidate variables. 

The exposition proceeds as follows: section 1 provides a brief 
description of the constructed variables, presenting univariate 

statistics on course enrollment  by the ten main programme 

scientific areas. In section 2, Principal Components by 

information category and overall and Discriminant Analysis 

by scientific area and credit score category are applied to the 
data. Causal linkages towards the probability of exam 

attendance and success, using weighted least squares ɬ under 

a linear probability assumption -, are sought in section 3; 

analogous regressions to explain average passing grades, in 

section 4, and of proxies of overall performance. General 
conclusions are summarized in section 5. 



1 
 

Data formatting and 

programme 

characteristics 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

ur first concern was how to conciliate the semester 

nature of the programme courses with the yearly 

information, given that a reasonable number of 

courses are provided in both schooling academic year 
semesters ɬ which occurs either because the course is optional 

and is in high demand or supply, or because it is required for 

further studies and has a high failure rate ɬ but others are only 

offered in one of them. Yet, performance and operational 

indicators available referred to a particular semester and year. 
We chose the operational indicators to determine the 

observation units and therefore one particular course has in 

fact two observations ɬ technically, all 77 (72 when Economics 

Programme data is not available) course observations are 

duplicated, but only s ome are not set to missing. Whenever 
necessary, distinction was impossible and it was thought 

adequate, information was replicated in both sub -sections ɬ 

O 
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implying that courses offered in both semesters are 

represented by two cases, others by one only. 
Part of the information gathered has a unique relation with 

a particular course, regardless of whether it is given once, 

twice, or in which semester. That is the case of curricular 

characteristics. Hence, the observations of part of the 
variables were duplicat ed in both of blocks, exhibiting no 

missing cases. Regressions involving only them, use one of 

the 77-observation block only.  

Variables and observations are designated in Appendix 1, 

A. and B. respectively. Descriptive statistics and simple 
correlations (also weighted by the number of BBA students 

either registered in the whole year or registered in the course) 

with registered students (course size), credit score (related to 

course importance) and student exam attendance, 

performance ratios and averages are reported in Appendix 2.  
ȭɯ3ÏÌɯ!ÜÚÐÕÌÚÚɯ! ɯËÌÎÙÌÌɯÖ×ÌÙÈÛÌÚɯÖÕɯÈɯÚÌÔÌÚÛÌÙɯÉÈÚÐÚɯ

ÞÐÛÏÐÕɯÈɯÊÙÌËÐÛɯÚàÚÛÌÔȯɯÈɯÎÐÝÌÕɯÕÜÔÉÌÙɯÖÍɯÊÙÌËÐÛÚɯÐÚɯÊÖÕÊÌËÌËɯ

ÛÖɯ Èɯ ÚÛÜËÌÕÛɯ ÈÍÛÌÙɯ ÛÏÌɯ ÊÖÔ×ÓÌÛÐÖÕɯ ÖÍɯ Èɯ ÊÖÜÙÚÌȮɯ ÞÏÐÊÏɯ

ÈÊÊÜÔÜÓÈÛÌɯÛÐÓÓɯȹÈÛɯÓÌÈÚÛȺɯÈɯÔÐÕÐÔÜÔɯÛÏÈÛɯÎÙÈÕÛÚɯÛÏÌɯËÐ×ÓÖÔÈȭɯ
3ÏÌɯÚÛÜËÌÕÛÚɯÔÜÚÛ 

ɪɯÖÉÛÈÐÕɯ×ÈÚÚÐÕÎɯÎÙÈËÌɯȹÈÛɯÓÌÈÚÛɯƕƔɯÐÕɯÈɯƔɪƖƔɯÚÊÈÓÌȺɯÐÕɯ

ÊÌÙÛÈÐÕɯÔÈÕËÈÛÖÙàɯÊÖÜÙÚÌÚ 

ɪɯÍÜÓÍÐÓɯÚÖÔÌɯÈÙÌÈɯÈÍÍÐÓÐÈÛÐÖÕɯɪɯÍÙÖÔɯÛÌÕɯÈÙÌÈɯÚÌÛÚɯÐÕɯ

ÞÏÐÊÏɯ ÛÏÌɯ ÊÖÜÙÚÌÚɯ ÈÙÌɯ ȹÌßÊÓÜÚÐÝÌÓàȺɯ ÐÕÊÓÜËÌËɯɪɯ
ÙÌÚÛÙÐÊÛÐÖÕÚɯÐÕɯÛÏÌɯÖÛÏÌÙɯÊÖÜÙÚÌÚɯÛÏÌàɯÊÏÖÖÚÌ 

ɪɯÖÉÌàɯ ÈɯÕÌÛÞÖÙÒɯ ÏÐÌÙÈÙÊÏàȮɯ ÌÚÛÈÉÓÐÚÏÐÕÎɯ ÛÏÌɯ

ÙÌØÜÐÙÌÔÌÕÛɯÖÍɯ ÖÉÛÈÐÕÐÕÎɯ ÈÛɯ ÓÌÈÚÛɯ Èɯ ÎÙÈËÌɯ ÖÍɯ Ɯɯ ÐÕɯ

×ÈÙÛÐÊÜÓÈÙɯÜ×ÚÛÙÌÈÔɯÊÖÜÙÚÌÚɯȹÌÈÊÏɯÊÖÜÙÚÌɯÏÈÚɯÈÛɯÔÖÚÛɯÛÞÖɯ

ËÐÙÌÊÛɯÜ×ÚÛÙÌÈÔɯÙÌØÜÐÙÌËɯÊÖÜÙÚÌÚȭȺ 
(ÕɯÎÌÕÌÙÈÓȮɯÍÐÝÌɯàÌÈÙÚɯȹƕƔɯÚÌÔÌÚÛÌÙÚȺɯÈÙÌɯÙÌØÜÐÙÌËɯÛÖɯ

ÈÊØÜÐÙÌɯÛÏÌɯËÐ×ÓÖÔÈȭɯ(ÍɯÈɯÚÛÜËÌÕÛɯÐÚɯƕɯÖÙɯƖɯÊÖÜÙÚÌÚɯÈÞÈàɯ

ÍÙÖÔɯÍÐÕÐÚÏÐÕÎɯÛÏÌɯËÌÎÙÌÌɯÈÍÛÌÙɯÛÏÌɯÎÌÕÌÙÈÓɯÛÌÚÛÐÕÎɯ×ÌÙÐÖËȮɯ

ÏÌɯÊÈÕɯÈ××ÓàɯÍÖÙɯÈɯ%ÐÕÈÓɯ2ÛÜËÌÕÛɯ$ßÈÔȭ 
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In Table 1 we register the Total number of students and 

credits by scientific area, as the average number of registered 
students in each course in each academic year. (The first 6 

areas are considered Business Areas). 

 
Table 1. Programme Specialization 

 Registered BBA 

Students 

BBA Students 

Credits 
BA Course Statistics * 

Area Mandatory  

(Mandatory 

%) 

Total  

(% of 

Total) 

Mandatory  

(Mandatory 

%) 

Total  

(% of 

Total) 

Num 

(% of 

Total 77) 

Mean 

(Weighted 

Credit 

Mean) 

St. Dev. Min . Max. 

1. Management 671 (64.0%) 
1048 

(15.1%) 

1737 

(69.2%) 

2509 

(12.2%) 

14 

(18.2%) 

74.85714 

(2.39408) 
40.1781 18 20 

2. Finance 547 (73.6%) 
743 

(10.7%) 

1892.5 

(82.8%) 

2284.5 

(11.1%) 

8 

(10.4%) 

92.87500 

(3.07470) 
75.96510 16 197 

3. Accounting 718 (93.0%) 
772 

(11.1%) 

1984 

(92.4%) 

2146 

(10.5%) 

7 

(9.1%) 

110.28571 

(2.77979) 
53.42195 27 173 

4. Marketing  249 (36.5%) 
682 

(9.8%) 

622.5 

(41.8%) 

1488.5 

(7.3%) 

9 

(11.7%) 

75.77778 

(2.18255) 
38.30724 32 129 

5. Information 

Systems 
116 (75.8%) 

153 

(2.2%) 
290 (79.7%) 364 (1.8%) 

2 

(2.6%) 

76.5 

(2.37908) 
55.86144 37 116 

6. Operations 
140 

(100.0%) 

140 

(2.0%) 

350 

(100.0%) 
350 (1.7%) 

1 

(1.3%) 

140 

(2.5) 
0 140 140 

7. Economics 976 (84.6%) 
1154 

(16.7%) 

3727.5 

(86.6%) 

4304.5 

(21.0%) 

9 (+ 5; 

18.2%) 

118.77778 

(3.79139) 
70.44639 21 220 

8. Quantitative 

Methods 

1443 

(99.0%) 

1457 

(21.0%) 

5027 

(99.0%) 

5076 

(24.8%) 

11 

(14.3%) 

132.45455 

(3.48387) 
58.74924 14 225 

9. Law 206 (62.8%) 
328 

(4.7%) 
515 (62.8%) 820 (4.0%) 

5 

(6.5%) 

65.6 

(2.5) 
39.82838 31 130 

10. Other Social 

Sciences 
403 (89.6%) 

450 

(6.5%) 

1057 

(91.5%) 

1155.5 

(5.6%) 

6 

(7.8%) 

75 

(2.56778) 
42.99767 9 114 

Total  
5469 

(79.0%) 
6927 

17202.5 

(83.9%) 
20498 72 (+5) 

95.02778 

(2.95915) 
56.14342 9 225 

Notes: * The 5 Optional Courses of the Economics Programme taken by 85 students 

in the academic year were ignored except for (%), once they substantially altered the 

Total as well as the Economics statistics: the Total Mean enrolment decreases to 

89.96104 and the Economics to 82.42857. Average credits almost do not change ɬ to 

2.95915 and 3.73007 respectively. 

 
A sound Quantitative and Economics training seem to 

have been sought ɬ they represent 21 and 17% of student 

enrolment and weigh 25 and 21% of registered credits 

respectively. A third covered area would be general 
Management (15,1 and 12,2%); Accounting and Finance 

would sum around 20% of enrolment. Marketing has 10%. 
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Other areas have lower importance. Proportion of mandatory 

registration figures are varied and a perhaps illusive ɬ once 
specific credit scores of optional courses must be attained in 

each area. 

In Fig. 1 we depict the credit rank distribution by scientific 

area of the courses taught ɬ operating - in the academic year. 
There are six credit score categories ɬ corresponding to (by 

ascending order): 1.5 credits; 2; 2.5; 3; 3.5; and 4. 

 

Figure 1. Operating Courses 

 

Figure 2 displays the corresponding distribution of 
registered Business B-A students.  

A higher weight of low credit scores would concentrate on 

Areas 6 (Operations), 9 (Law), 5 (Information Systems) and 4 

(Marketing). Areas 8 (Quantitative Methods), 7 (Economics), 

3 (Accounting) and 2 (Finance) would represent more 
important courses. 

Confronting the two di agrams, Areas 1 (Management) and 

4 (Marketing) would be overly represented by small courses 
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ɬ possibly optional -, with a higher course representation 

relative to registered student enrolment.  
 

Figure 2. Registered Students 
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Information content of 

variables and 

observations: Bundles 

and clusters  
 

 

 

 
 

 

 

 

Introduction  

n the four following sub -ÚÌÊÛÐÖÕÚȮɯÈɯÍÐÙÚÛɯɁÚÜÔÔÈÙàɂɯÖÍɯÛÏÌɯ

data is provided by principal components decomposition 

for each of four of the main categories in which the 

variables were classified: operating characteristics, 

×ÙÖÎÙÈÔÔÌɯÚÛÈÛÜÚȮɯ ÛÌÈÊÏÌÙÚɀɯ×ÙÖÍÐÓÌÚɯÈÕËɯ ÛÌÈÊÏÐÕÎɯÔÖËÌȭɯ
Usually, a smaller set was tried, including only the variables 

of the group and some others that were considered crucial, of 

all (except the syllabus information) sub-groups.  

In a final sub-section, a juxtaposition of variables from all 
categories is reported, including student performance 

indicators along with relevant variables from all other groups.  

Attention was given to the 10 dummy variables identifying 

the course affiliation to the programme scientific areas. In 
estimations that, a priori, would involve operating mode 

variables ɬ defined for the 82 or 87 semester observations -, 

we also included the corresponding duplicated (annual) 

I  
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information: both could ha ve impact per se in the semester 

performance of each course ɬ and in fact they do. 
In brief, principal components are variables formed as a 

linear combination of a given set, created in such a way as to 

be orthogonal ɬ i.e., independent or uncorrelated ɬ between 

each other and exhibiting the same total variance as the 
original system. Those with higher variances are the more 

important and therefore components are ordered and 

retained in descending variance magnitude ɬ until they 

represent at least, say, 60% of the total (sum of all) variance(s) 

and/or if they have a higher than the average variance of all 
the original (all the components) variables.  

The importance of the representative components to each 

variable, once each original variable can also be seen as a 

perfect linear combination of those same uncorrelated 

components, is inferred from the simple correlations between 
each variable and the component, the factor loadings; we 

signal for each variable the most important component with 

dark shading and th e next most important with a milder 

shade. The relative importance of the variables to explain the 
variance of each of the components is also reported in 

contiguous tables ɬ see Martins (2012) for further details; we 

signal in these with a dash those variables that, being more 

important in each column, account for at least 60% of the 

explained variance 1. 
6ÌɯÚÛÈÕËÈÙËÐáÌɯÛÏÌɯÖÙÐÎÐÕÈÓɯÚÌÛɯÖÍɯÝÈÙÐÈÉÓÌÚȮɯÚÖɯÛÏÈÛɯÛÏÌɯÛÖÛÈÓɯ

ÝÈÙÐÈÕÊÌɯ ÌØÜÈÓÚɯ ÛÏÌÐÙɯ ÕÜÔÉÌÙȭɯ 3ÏÌɯ ÝÈÙÐÈÕÊÌɯ ÖÍɯ ÌÈÊÏɯ

ÊÖÔ×ÖÕÌÕÛɯÐÚɯÌØÜÈÓɯÛÖɯÛÏÌɯÊÖÙÙÌÚ×ÖÕËÐÕÎɯÌÐÎÌÕÝÈÓÜÌɯÖÍɯÛÏÌɯ

ÊÖÝÈÙÐÈÕÊÌɯÔÈÛÙÐßɯȹÛÏÌɯÊÖÙÙÌÓÈÛÐÖÕɯÔÈÛÙÐßɯÖÍɯ ÛÏÌɯ ÖÙÐÎÐÕÈÓɯ

ÝÈÙÐÈÉÓÌÚȺɯÖÍɯÛÏÌɯÐÕ×ÜÛɯÝÈÙÐÈÉÓÌÚȭɯ 
 

 
1 An alternative procedure would be to signal those that account for more 

than 1/137 = 0.0073 ɬ 137 are the total number of variables ɬ of the 

ÊÖÔ×ÖÕÌÕÛɀÚɯÝÈÙÐÈÕÊÌȭ 
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Complementarily, a visualization of the first two 

components allowed to interpret area homogeneity. The ɬ 
exogenous - clustering in scientific  areas was inspected by the 

application of a stepwise discriminant analysis algorithm to 

the most important principal components. Given the 

importance of course credit scores in the graduation system, 
we reproduced the same procedure by the implied categories 

of the credit score ranking of the operating courses in the 

2000/2001 academic year. Means and standard deviation of 

the variables categories by each of the two classifications are 

reported in Appendix 3, A and B respectively.  
 

Operating characteristics 

Variables  
Only a table of results is present for this sub-group ɬ Table 

2. Eight components are enough to explain 60% of the overall 

variance of the 137 variables; 25 components have eigenvalues 

higher than 1. We present the factor loadings and the 

explained variance for the first 20 components. 
The first component is essentially associated to course size 

and curricular importance. It is positively associated to 

registered students (SIC, ICD), session multiplicity (TURPTP), 

credit score (CREDIT), compulsoriness (OBRIG1), 

Theoretical-cum-applied rather than Theoretical -Applied 
(AULTP has a negative loading) and lecture time (HTOT, 

3.'+$Ȯɯ'.1#Ⱥȭɯ%ÈÐÓÜÙÌɯÙÈÛÌÚɯÈÙÌɯÙÌÓÈÛÐÝÌÓàɯÏÐÎÏÌÙɯȹ /1 5ɀÚɯ

ÓÖÞÌÙȺɯÈÕËɯÔÌÈÕɯÎÙÈËÌÚɯȹ,$#ɀÚȺɯÓÖÞÌÙȭ 

Being required for downstream courses (PROC), as 

structuredness (NPREC and NPROC), even if highly 
influenced by the first co mponent, do not account for as much 

of its variance. The same occurs with teachers profiles: the 

courses rely relatively more heavily on women teaching 

(PMU), and on teachers with higher hourly workload (HPDO, 

AHPDM).  
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Typical areas linked to the component are Area 8 ɬ 

Quantitative Methods -, positively, and, opposite to the 
component, area 4 ɬ Marketing. The second curricular year 

(ANO2) seems also more linked to the component. 
The second component is associated to intensive teaching. It 

is positively assocÐÈÛÌËɯÛÖɯÌßÈÔɯÈÛÛÌÕËÈÕÊÌɯȹ 5("ɀÚȺȮɯÈ××ÓÐÌËɯ
intensity (PPTPHLE, HTPPD, HDPTP), and Business 

specialization (PACGE, ALDPC, AHDPC, ALHPC), and also 

to high student frequency per teacher (ADTO, AHDPTP; 

ALPDM) and hours per teacher (HSPDOC); negative with 

(exisÛÌÕÊÌɯ ÖÍȺɯ %ÐÕÈÓɯ /ÙÖÎÙÈÔÔÌɯ $ßÈÔÐÕÈÛÐÖÕɯ ȹ%(/("ɀÚȺȭɯ
Thursdays seem opposite to the pattern (ALDSEM4P). 

Typical area linked to the component is Area 9 ɬ Law -, in 

an opposite pattern. 
The third component isolates Area 1 ɬ Management, that has 

relatively late sessions (HDIA8P, ALHDIA8P; HDIM, 
ALHDIM, HDIH4P, ALHDIH4P), possibly few classes on 

Wednesdays (DSEM3P, negative). 
The fourth component is also dominated by scheduling 

effects, with a positive influence of third time classes 
(HDIA3P, ALHDIA3P; HDIH3P, ALHD IH3P), negative of 

first time ones (HDIA1P, ALHDIA1P; HDIH1P, ALHDIH1P), 

possibly few classes on Tuesdays (DSEM2P, negative). It has 

a mild influence of Area 10 ɬ Other Social Sciences / 

Independent Studies. 
Other areas isolate themselves. Strong weekly effects show 

up within the ninth component with Area 5 - Information 

Systems, negative ɬ with late hours (negative HM and 

ALHM) and in the fourth year (negative ANO4).  

 ÓÚÖɯÖÍɯÐÕÛÌÙÌÚÛȮɯÛÌÈÊÏÌÙÚɀɯØÜÈÓÐÍÐÊÈÛÐÖÕɯȹ&1 ,$ȺɯÐÚɯÐÕɯÛÏÌɯ
tenth component with a positiv e relation to Area 2 ɬ Finance, 

opposite to Area10 ɬ Other Social Sciences. 
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Table 2. Principal Components, Operating Characteristics 
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Table 2. Principal Components, Operating Characteristics 
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Table 2. Principal Components, Operating Characteristics 
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Table 2. Principal Components, Operating Characteristics 
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Table 2. Principal Components, Operating Characteristics 
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Table 2.1. Principal Components, Operating Characteristics * 
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Table 2.1. Principal Components, Operating Characteristics 
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Table 2.1. Principal Components, Operating Characteristics 
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Table 2.1. Principal Components, Operating Characteristics 
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Table 2.1. Principal Components, Operating Characteristics 
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Observations  
We plot in Figs. 3 and 3.1 the first two components (the 

first, main, PC against the second one) derived for the 
Operating Variables set. In Fig. 3, the observations are 

identified according to the course numbering attributed in 

Appendix 1; in Fig 3.1 we identified them with the area 

affiliation (also reported in the Appendi x). 

 

 
Figure 3. 

 

Visual inspection would suggest 4 -5 clusters:  

Cluster A, with low ratings of both components, with 

observations from Area 9 (Law).  

Cluster B, with low ratings in the first component, high in 
the second, with observations from Areas 1 (Management), 2 

(Finance), and 4 (Marketing). 

Cluster C, with medium ratings of both components, with 

unique predominance of Area 10 (Independent Studies) and 
possibly 3 (Accounting).  
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Cluster D, with high ratings in the first component, 

medium in the second, with observations from Areas 7 
(Economics) and 8 (Quantitative Methods). 

Cluster E, with medium ratings in the first component, 

high in the second, with observations from Area 8 

(Quantitative Methods).  
 

 
Figure 3.1. 

 

To clarify the affiliation and also  weigh the influence of 

other components, we applied a discriminant analysis 

ÚÛÌ×ÞÐÚÌɯ×ÙÖÊÌËÜÙÌɯÛÖɯÛÏÌɯÍÐÙÚÛɯƖƔɯ/"ɀÚȭɯ1ÌÚÜÓÛÚɯÈÙÌɯËÌ×ÐÊÛÌËɯ
in the following figures of the sub -section. 

100% of original grouped cases were correctly classified. 

The most impor tant variable for discriminatory purposes 

apears to be PC1, followed by PC11 and PC15. Only the 17th 

component was left out.  
In terms of operating mode, areas 4 ɬ Marketing -, 5 ɬ 

Information Systems ɬ and 1 ɬ Management ɬ cluster together, 

3

8

10

7

8

10

8

3

8

7
8

1

2

1

4

8

8

7

6

5
1

3

3

9

9

9

7

8

10

2

2
2

1

1

1

1
1

1

4

4

4

4
3

1

8
3

2

9

7

89

10

7
8

1

8

2

1

4

8

3

1

7
10

7

2

1

1

44

1

7

7

2

2

1

4

4

4

5
10

-3

-2,5

-2

-1,5

-1

-0,5

0

0,5

1

1,5

2

-1,5 -1,2 -0,9 -0,6 -0,3 0 0,3 0,6 0,9 1,2 1,5 1,8 2,1

P
C

2

PC1

Operating Characteristics 



Ch.2. Information content of variables and observations: Bundles and clusters  

Martins (2021). Teaching and Evaluation Patterns of a Business BA Program KSP Books 
25 

with relatively  low scores in the first discriminant function 

and high in the second. 
Areas 2 ɬ Finance -, 3 ɬ Accounting ɬ and 6 ɬ Operations 

have negative scores of both functions and cluster in the third 

quadrant.  

Areas 8 ɬ Quantitative Methods ɬ and 10 ɬ Independent 
Studies ɬ have close centroids, as well as area 9 ɬ Law, all in 

the first quadrant.  

Area 7 ɬ Economics -, stands isolated in the second 

quadrant.  

Overal Business areas ɬ 1 to 6 - have negative scores of the 
first discriminant function, which may categorize  

(symmetrically) business specialization.  

Areas 2, 3, 6 and 7, in general more quantitative, have 

negative values for the second discriminant function ɬ and 

may be sought to characterize (also symmetrically) the 
operating features required for teaching of quantitative 

content. 

 

 

Variables Entered/Removeda,b,c,d

PC1 .589 1 9 72.000 5.590 9 72.000 .000

PC11 .371 2 9 72.000 5.060 18 142.000 .000

PC15 .214 3 9 72.000 5.282 27 205.078 .000

PC9 .142 4 9 72.000 4.931 36 260.312 .000

PC3 .095 5 9 72.000 4.733 45 307.283 .000

PC2 .063 6 9 72.000 4.626 54 346.228 .000

PC10 .037 7 9 72.000 4.780 63 377.824 .000

PC14 .023 8 9 72.000 4.815 72 402.959 .000

PC18 .015 9 9 72.000 4.790 81 422.571 .000

PC13 .010 10 9 72.000 4.791 90 437.545 .000

PC7 .006 11 9 72.000 4.777 99 448.667 .000

PC19 .004 12 9 72.000 4.790 108 456.608 .000

PC16 .003 13 9 72.000 4.845 117 461.927 .000

PC8 .002 14 9 72.000 4.883 126 465.085 .000

PC6 .001 15 9 72.000 4.943 135 466.459 .000

PC5 .001 16 9 72.000 4.975 144 466.354 .000

PC4 .000 17 9 72.000 5.072 153 465.020 .000

PC20 .000 18 9 72.000 5.110 162 462.659 .000

PC12 .000 19 9 72.000 5.086 171 459.435 .000

Step

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

Entered Statist ic df 1 df 2 df 3 Statist ic df 1 df 2 Sig.

Exact F

Statist ic df 1 df 2 Sig.

Approx imate F

Wilks' Lambda

At each step, the v ariable that minimizes the ov erall Wilks' Lambda is entered.

Maximum number of  s teps is  40.a. 

Maximum signif icance of  F to enter is  .05.b. 

Minimum signif icance of  F to remov e is .10.c. 

F level, tolerance, or VIN insuf f icient for f urther computation.d. 
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By credit ranking, the plot of the two first components ɬ 

see Fig. 3.2, where for each observation we signal (in 
accordance with previous designation) 1 as corresponding to 

a course worth 1.5 credits; 2 to 2; 3 to 2.5; 4 to 3; 5 to 3.5 and 6 

to 4 - seems to show some homegeneity of courses worth two 

credits, but an unclear clustering for the others. 
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Figure 3.2. 

 

Applying discriminant analysis along the credit score 

categories, 95.1% of the cases are correctly classified ɬ the 

exceptions are one course within Credit class 2, classified in 

class 4; one course of class 5, classified in class 3; two courses 
of class 6, classified in classes 4 and 5 respectively. Now, 

components 1, 2, 4 and 5 are the first to enter. 

Centroids are quite distinct ɬ even if no clear increasing nor 

decreasing pattern by any of the discriminant functions 

individually seems to exist.  
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Variables Entered/Removeda,b,c,d

PC1 .301 1 5 76.000 35.219 5 76.000 .000

PC2 .142 2 5 76.000 24.758 10 150.000 .000

PC5 .095 3 5 76.000 18.363 15 204.683 .000

PC4 .067 4 5 76.000 15.329 20 243.063 .000

PC13 .047 5 5 76.000 13.720 25 268.970 .000

PC15 .034 6 5 76.000 12.728 30 286.000 .000

PC8 .024 7 5 76.000 12.076 35 296.893 .000

PC3 .017 8 5 76.000 11.655 40 303.559 .000

PC14 .012 9 5 76.000 11.658 45 307.283 .000

PC11 .009 10 5 76.000 11.159 50 308.931 .000

PC12 .007 11 5 76.000 10.717 55 309.086 .000

PC6 .006 12 5 76.000 10.328 60 308.148 .000

PC10 .004 13 5 76.000 10.095 65 306.396 .000

PC9 .004 14 5 76.000 9.828 70 304.028 .000

PC17 .003 15 5 76.000 9.602 75 301.186 .000

Step

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Entered Statist ic df 1 df 2 df 3 Statist ic df 1 df 2 Sig.

Exact F

Statist ic df 1 df 2 Sig.

Approx imate F

Wilks' Lambda

At each step, the v ariable that minimizes the ov erall Wilks' Lambda is entered.

Maximum number of  s teps is  40.a. 

Maximum signif icance of  F to enter is  .05.b. 

Minimum signif icance of  F to remov e is .10.c. 

F level, tolerance, or VIN insuf f icient for f urther computation.d. 
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Programme status 

Variables  
ƕƖƗɯÝÈÙÐÈÉÓÌÚɯÞÌÙÌɯÚÌÓÌÊÛÌËɯÛÖɯÙÌ×ÙÌÚÌÕÛɯ/ÙÖÎÙÈÔÔÌɯ2ÛÈÛÜÚȭɯ

/ÙÐÕÊÐ×ÈÓɯÊÖÔ×ÖÕÌÕÛÚɯÙÌÚÜÓÛÚɯÈÙÌɯÙÌ×ÖÙÛÌËɯÐÕɯ3ÈÉÓÌÚɯƗɯÈÕËɯƗȭƕȭ 
The first component represents course size (ICD), and of 

total failures (REPD) more than approvals. It characterizes 

mainly the first and second year (ANO1, ANO2), and 
mandatory courses (OBRIG1). It is more associated with 

required courses for downstream access (PROC, NPROC) ɬ 

specially, in cumulative terms, in areas 1, Management, and 

4, Marketing (ARPRO1, ARPRO4; ARPROD4) -, in 

operational terms as well ɬ (-""/1.#ɀÚȮɯÌÛÊȭɯ- and of courses 
with heavier weekly hours of class (HTOT). It is positively 

related to distance to the end branches (ORDDESC), and 

negatively to semester-rank slack (DS2PREC, DS2PREC2). 
The second component congregates the complement effect of 

restricted access by upstream constraints (PREC, NPREC), 
negatively related to its existence, and freedom from 

ÙÌÚÛÙÐÊÛÐÖÕÚɯ ȹ+(51ɀÚȺȭɯ(Ûɯ ÐÚɯ ÔÖÙÌɯ ÌÝÐËÌÕÛȮɯ ÐÕɯ ÈÕɯ Ö××ÖÚÐÛÌɯ

fashion, in courses of area 1, Management (ARE1), and also 4, 

Marketing. Relative freedom from upstream restrictions are 
first year courses (ANO1, positive).  

The third component is consonant with credit score 

importance (CREDIT), and theoretical sessions (AULTP and 

AULPTP have negative coefficients). It is operationally 

ÈÍÍÌÊÛÌËɯÉàɯÜ×ÚÛÙÌÈÔɯÙÌØÜÐÙÌÔÌÕÛÚɯȹ(-""/1$#ɀÚȮɯ×ÖÚÐÛÐÝÌȺȮɯ
ÐÕɯÊÖÕÛÙÈÚÛɯÛÖɯ ÍÙÌÌɯÊÖÜÙÚÌÚɯȹ+(51ɀÚȮɯÕÌÎÈÛÐÝÌȺȭɯ(ÛɯÐÚɯ ÔÖÙÌɯ

evident in courses of area 7, Economics (ARE7), opposite to 6, 

Operations, and 10, Other Social Sciences.  
The fourth component is associated to area 7, Economics, 

particularly restricted in operational terms (REPPREI).  
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Table 3. Principal Components, Programme Status 

 



Ch.2. Information content of variables and observations: Bundles and clusters  

Martins (2021). Teaching and Evaluation Patterns of a Business BA Program KSP Books 
31 

Table 3. Principal Components, Programme Status 
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Table 3. Principal Components, Programme Status 
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Table 3. Principal Components, Programme Status 
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Table 3.1. Principal Components, Programme Status * 
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Table 3.1. Principal Components, Programme Status 
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Table 3.1. Principal Components, Programme Status 
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Table 3.1. Principal Components, Programme Status 
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Observations  
3ÏÌɯ×ÓÖÛɯÖÍɯÛÏÌɯÛÞÖɯÍÐÙÚÛɯ/"ɀÚɯÎÌÕÌÙÈÛÌËɯ%ÐÎȭɯƘȭɯ5ÐÚÜÈÓÐÚÐÕÎɯ

area affiliation of each observation ɬ Fig 4.1 ɬ we can conclude 
the following clustering:  

Cluster A, with low ratings of both components, with 

observations from Area 1 (Management) and 4 (Marketing). 

Interestingly, the observations have a radial location towards 

the origin.  
Cluster B, with low ratings in the first component, high in 

the second, with observations from Areas 7 (Economics), 8 

(Quantitative Methods), 9 (Law) and  also 10 (Independent 

Studies). 

Cluster C, with high ratings in the first component, low in 
the second, with observations from Areas 2 (Finance) and 3 

(Accounting).  

Cluster D, with high ratings in the both components, with 

observations from Area 7 (Economics). 

Observations of Area 10 are disperse through all clusters. 
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Figure 4. 

 

 
Figure 4.1. 
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96,1% of original grouped cases were correctly classified ɬ 

exceptions being two courses of Area 1 (one classified in Area 
2, the other in Area 10) and one course of Area 10 (classified 

in Area 1).  

The most important variable for discriminatory purposes 

appears to be PC9, followed by PC11 and PC5. All 20 
component were introduced.  

The plot of the scores of the first two discriminant 

functions provided a sort of radial clustering with centre in 

areas 1 ɬ Management ɬ and 10 - Independent Studies.  

A first r ay spreads through 4 ɬ Marketing ɬ towards area 7 
ɬ Economics. 

Another through 8 ɬ Quantitative Methods ɬ to 3 ɬ 

Accounting.  

Areas 2 ɬ Finance -, and 6 ɬ Operations - are the closest to 

the other isolated Area 9 ɬ Law. 
 

 

Variables Entered/Removeda,b,c,d

PC9 .277 1 9 67.000 19.469 9 67.000 .000

PC11 .085 2 9 67.000 17.825 18 132.000 .000

PC5 .032 3 9 67.000 15.936 27 190.476 .000

PC10 .011 4 9 67.000 15.899 36 241.575 .000

PC8 .004 5 9 67.000 15.468 45 284.917 .000

PC3 .001 6 9 67.000 15.795 54 320.733 .000

PC14 .000 7 9 67.000 16.240 63 349.663 .000

PC2 .000 8 9 67.000 16.911 72 372.545 .000

PC4 .000 9 9 67.000 18.067 81 390.258 .000

PC7 .000 10 9 67.000 19.294 90 403.634 .000

PC12 .000 11 9 67.000 19.073 99 413.407 .000

PC6 .000 12 9 67.000 18.881 108 420.207 .000

PC13 .000 13 9 67.000 18.875 117 424.558 .000

PC1 .000 14 9 67.000 18.883 126 426.890 .000

PC20 .000 15 9 67.000 18.732 135 427.556 .000

PC16 .000 16 9 67.000 18.351 144 426.843 .000

PC17 .000 17 9 67.000 18.229 153 424.981 .000

PC19 .000 18 9 67.000 18.146 162 422.162 .000

PC18 .000 19 9 67.000 17.995 171 418.538 .000

PC15 .000 20 9 67.000 17.940 180 414.236 .000

Step

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Entered Statist ic df 1 df 2 df 3 Statist ic df 1 df 2 Sig.

Exact F

Statist ic df 1 df 2 Sig.

Approx imate F

Wilks' Lambda

At each step, the v ariable that minimizes the ov erall Wilks' Lambda is entered.

Maximum number of  s teps is  40.a. 

Maximum signif icance of  F to enter is  .05.b. 

Minimum signif icance of  F to remov e is .10.c. 

F level, tolerance, or VIN insuf f icient for f urther computation.d. 
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By credit score ranking, the fir st two components would 

seem to be insufficient to provide an adequate credit score 
clustering ɬ see Fig 4.2. Nevertheless, an increasing credit 

score seems to be visualized if we move from the south-west 

to the northeast of the picture. 
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Figure 4.2.  

 

Applying discriminant analysis to the first 20 components, 
89.6% of the cases are correctly classified ɬ the exceptions are 

two courses within Credit class 2, classified in classes 1 and 4; 

three courses of class 3, two classified in class 4 and one in 

class 5; two courses of class 6, classified in classes 1 and 5 
respectively. 

Centroids are quite distinct ɬ classes 2, 4 5 and 6 seem to 

rise with the first discriminant function.  
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Variables Entered/Removeda,b,c,d

PC3 .616 1 5 71.000 8.843 5 71.000 .000

PC1 .386 2 5 71.000 8.547 10 140.000 .000

PC2 .239 3 5 71.000 8.653 15 190.880 .000

PC5 .145 4 5 71.000 8.938 20 226.480 .000

PC4 .093 5 5 71.000 8.993 25 250.396 .000

PC7 .059 6 5 71.000 9.110 30 266.000 .000

PC9 .035 7 5 71.000 9.633 35 275.860 .000

PC6 .026 8 5 71.000 9.265 40 281.764 .000

PC11 .019 9 5 71.000 8.953 45 284.917 .000

PC10 .016 10 5 71.000 8.480 50 286.128 .000

Step

1

2

3

4

5

6

7

8

9

10

Entered Statist ic df 1 df 2 df 3 Statist ic df 1 df 2 Sig.

Exact F

Statist ic df 1 df 2 Sig.

Approx imate F

Wilks' Lambda

At each step, the v ariable that minimizes the ov erall Wilks' Lambda is entered.

Maximum number of  s teps is  40.a. 

Maximum signif icance of  F to enter is  .05.b. 

Minimum signif icance of  F to remov e is .10.c. 

F level, tolerance, or VIN insuf f icient for f urther computation.d. 

Canonical Discriminant Functions

Function 1

86420-2-4-6

F
u
n

c
ti
o
n

 2

6

4

2

0

-2

-4

NCREDIT

Group Centroids

6

5

4

3

2

1

6

5
4

3

2

1



Ch.2. Information content of variables and observations: Bundles and clusters  

Martins (2021). Teaching and Evaluation Patterns of a Business BA Program KSP Books 
44 

Teachersô profiles 

Variables  
3ÌÈÊÏÌÙÚɀɯ×ÙÖÍÐÓÌÚɯÞÌÙÌɯÊÖÕÚÐËÌÙÌËɯÛÖɯÉÌɯÙÌ×ÙÌÚÌÕÛÌËɯÉàɯ

145 variables, included in the PC decomposition of Tables 4 

and 4.1 below. 
The first component, as usual, shares the influence of course 

size (SIC, ICD), credit score importance (CREDIT), and 
compulsoriness (OBRIG1); it is representative of courses with 

theoretical sessions (AULTP and AULPTP are negative), and 

high student -hour intensity per teacher (AH DTO). Teachers 

involved are typically women in a higher scale (PMU, NMU) 

than in other courses, with lower professional category 
(CATME), specially requiring more teaching assistantship 

(ASSES, ASSI, PASSI); regency is held by longer-tenured 

professionals (ANTRG).  

The component is dominated by an Economics flavor 

(DOCEC, RGDEC, PDOEC, PECDS), and possibly, career 
professionals with higher workload (HPDO, HAPDO, etc.) 

and multiple teaching assignments (D4DIS, DM1AR, PD4DIS, 

PDM1AR). In fact, Area 7 - Economics - rates high in the 

component, along with and in the same direction as 8 ɬ 
Quantitative Methods.  

The second component joins influence of course teachers 

with heavy hourly workload (HSPDOC), of courses with high 

student and student -hour intensity per tea cher themselves 

(ADPTP, ADTO, AHDPTP, AHDTO). Is strongly related 
while opposed to invited teacher status (CONV, PCONV, 

negative) and teachers with only one course in the year 

(D1DIS, PD1DIS) ɬ being particularly restricted by weekly 

and daily scheduling -, and to Area 9 ɬ Law. 
The third component, opposite to area 9, Law, relies on the 

importance of MBA graduates as teachers (MBA, PMBA), 

teaching assistant status with course regency (ASREC, 

PASRE) ɬ in general low qualification (GRAME, negative and 
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also CATME) - and characteristic of areas of Business 

specialization (AHDPC). If any it is opposed to PhD holders 
(DOUT, PDOUT, negative). 

The fourth component has a somewhat opposite pattern to 

the second ɬ weight of assistant professors (PAUX, PPAUX) 

is importa nt, and scheduling effects as well. 
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Table 4. Principal Components, 3ÌÈÊÏÌÙÚɀɯ/ÙÖÍÐÓÌÚ 
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Table 4. Principal Components, 3ÌÈÊÏÌÙÚɀɯ/ÙÖÍÐÓÌÚ 
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Table 4. Principal Components, 3ÌÈÊÏÌÙÚɀɯ/ÙÖÍÐÓÌÚ 
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Table 4. Principal Components, 3ÌÈÊÏÌÙÚɀɯ/ÙÖÍÐÓÌÚ 
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Table 4. Principal Components, 3ÌÈÊÏÌÙÚɀɯ/ÙÖÍÐÓÌÚ 

 



Ch.2. Information content of variables and observations: Bundles and clusters  

Martins (2021). Teaching and Evaluation Patterns of a Business BA Program KSP Books 
51 

Table 4.1. Principal Components, 3ÌÈÊÏÌÙÚɀɯ/ÙÖÍÐÓÌÚ 
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Table 4.1. Principal Components, 3ÌÈÊÏÌÙÚɀɯ/ÙÖÍÐÓÌÚ 
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Table 4.1. Principal Components, 3ÌÈÊÏÌÙÚɀɯ/ÙÖÍÐÓÌÚ 
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Table 4.1. Principal Components, 3ÌÈÊÏÌÙÚɀɯ/ÙÖÍÐÓÌÚ 
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Table 4.1. Principal Components, 3ÌÈÊÏÌÙÚɀɯ/ÙÖÍÐÓÌÚ 
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Observations  
Contrary to the previous categories, visualisation of the 

ÛÞÖɯÍÐÙÚÛɯ/"ɀÚɯËÖÌÚɯÕÖÛɯÚÌÌÔɯÛÖɯ×ÙÖÝÐËÌɯÈÕɯÈËÌØÜÈÛÌɯÊÓÜÚÛÌÙÐÕÎɯ
of observations by scientific area ɬ see Fig 5.1. 

 

 
Figure 5. 
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Figure 5.1. 

 

92,7% of original grouped cases were correctly classified by 
the stepwise discriminant analysis procedure ɬ exceptions 

being two courses of Area 1 (one classified in Area 2, the other 

in Area 4), three of Area 2 (classified in Areas 3, 4 and 6).  

The most important variable for discriminatory purposes 
appears to be PC1, followed by PC3 and PC10. Components 4 

and 17 were left out. 

The plot of the scores of the first two discriminant 

functions seems to provide a clear distance of the specialized 

Business areas 1 to 6 ɬ from the others. From these, 9 ɬ Law - 
and 10 - Independent Studies - stand close together. 7 ɬ 

Economics - and 8 ɬ Quantitative Methods - are more distant 

and isolated. 
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Variables Entered/Removeda,b,c,d

PC1 .533 1 9 72.000 7.014 9 72.000 .000

PC3 .275 2 9 72.000 7.154 18 142.000 .000

PC10 .145 3 9 72.000 7.128 27 205.078 .000

PC8 .084 4 9 72.000 6.768 36 260.312 .000

PC12 .053 5 9 72.000 6.351 45 307.283 .000

PC6 .033 6 9 72.000 6.115 54 346.228 .000

PC13 .020 7 9 72.000 6.041 63 377.824 .000

PC11 .013 8 9 72.000 5.896 72 402.959 .000

PC18 .008 9 9 72.000 5.737 81 422.571 .000

PC19 .006 10 9 72.000 5.557 90 437.545 .000

PC2 .004 11 9 72.000 5.406 99 448.667 .000

PC14 .003 12 9 72.000 5.232 108 456.608 .000

PC15 .002 13 9 72.000 5.053 117 461.927 .000

PC5 .002 14 9 72.000 4.916 126 465.085 .000

PC16 .001 15 9 72.000 4.805 135 466.459 .000

PC20 .001 16 9 72.000 4.699 144 466.354 .000

PC7 .001 17 9 72.000 4.609 153 465.020 .000

PC9 .000 18 9 72.000 4.578 162 462.659 .000

Step

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Entered Statist ic df 1 df 2 df 3 Statist ic df 1 df 2 Sig.

Exact F

Statist ic df 1 df 2 Sig.

Approx imate F

Wilks' Lambda

At each step, the v ariable that minimizes the ov erall Wilks' Lambda is entered.

Maximum number of  s teps is  40.a. 

Maximum signif icance of  F to enter is  .05.b. 

Minimum signif icance of  F to remov e is .10.c. 

F level, tolerance, or VIN insuf f icient for f urther computation.d. 
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By credit score ranking, the plot of the two principal 

components ɬ Fig 5.2. - suggests a general low score of the 
main one for courses with 2 credits and an increase with the 

credit score category. The second component with order a 

different dimension of the observations.  

 

 
Figure 5.2. 

 

Applying discriminant analysis, 97.6% of the cases are 

correctly classified ɬ the exceptions are two courses within 

Credit class 2, classified in class 4. 

Centroids are quite distinct, exhibiting a decreasing 
pattern along the first discriminant function.  
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Variables Entered/Removeda,b,c,d

PC1 .287 1 5 76.000 37.710 5 76.000 .000

PC3 .182 2 5 76.000 20.149 10 150.000 .000

PC12 .118 3 5 76.000 15.991 15 204.683 .000

PC2 .082 4 5 76.000 13.666 20 243.063 .000

PC6 .057 5 5 76.000 12.498 25 268.970 .000

PC18 .039 6 5 76.000 11.935 30 286.000 .000

PC8 .027 7 5 76.000 11.548 35 296.893 .000

PC11 .020 8 5 76.000 11.058 40 303.559 .000

PC5 .015 9 5 76.000 10.720 45 307.283 .000

PC9 .011 10 5 76.000 10.419 50 308.931 .000

PC14 .009 11 5 76.000 10.034 55 309.086 .000

PC13 .007 12 5 76.000 9.706 60 308.148 .000

PC19 .006 13 5 76.000 9.421 65 306.396 .000

PC20 .005 14 5 76.000 9.132 70 304.028 .000

PC16 .004 15 5 76.000 8.833 75 301.186 .000

Step

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Entered Statist ic df 1 df 2 df 3 Statist ic df 1 df 2 Sig.

Exact F

Statist ic df 1 df 2 Sig.

Approx imate F

Wilks' Lambda

At each step, the v ariable that minimizes the ov erall Wilks' Lambda is entered.

Maximum number of  s teps is  40.a. 

Maximum signif icance of  F to enter is  .05.b. 

Minimum signif icance of  F to remov e is .10.c. 

F level, tolerance, or VIN insuf f icient for f urther computation.d. 

Canonical Discriminant Functions
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Teaching mode 

Variables  
3ÌÈÊÏÐÕÎɯÔÖËÌɯÑÖÐÕÌËɯÛÏÌɯƖƕɯÝÈÙÐÈÉÓÌÚɯÊÖÔ×ÜÛÌËɯÍÙÖÔɯ

"ÖÜÙÚÌɯÚàÓÓÈÉÜÚɯÐÕÍÖÙÔÈÛÐÖÕȭɯ"ÖÔÐÕÎɯÍÙÖÔɯÈɯÚÐÕÎÓÌɯÚÖÜÙÊÌȮɯ

ÛÏÌàɯÔÖÛÐÝÈÛÌËɯ ÈÕɯ ÐÕËÌ×ÌÕËÌÕÛɯ ÛÙÌÈÛÔÌÕÛɯ ÐÕɯ /"ɯ

ËÌÊÖÔ×ÖÚÐÛÐÖÕɯÈÕËɯÞÌɯÈ××ÓÐÌËɯÛÏÌɯÈÓÎÖÙÐÛÏÔɯÛÖɯÛÏÌɯÚÌÛɯÐÛÚÌÓÍɯɬɯ

ÙÌÚÜÓÛÚɯÈÙÌɯÐÕɯ3ÈÉÓÌÚɯƙɯÈÕËɯƙȭƕɯɬɯÈÕËɯÛÖɯÛÏÌɯÚÌÛɯÈËËÌËɯÖÕÓàɯÖÍɯ
ÛÏÌɯ ÚÊÐÌÕÛÐÍÐÊɯ ÈÙÌÈɯ ËÜÔÔÐÌÚɯɬɯ3ÈÉÓÌÚɯ ƙȭ ɯ ÈÕËɯ ƙȭƕȭ ȭɯ

(ÕÛÌÙ×ÙÌÛÐÕÎɯÛÏÐÚɯÚÌÊÖÕËɯÙÌÚÜÓÛÚȯ 
3ÏÌɯÍÐÙÚÛɯ ÊÖÔ×ÖÕÌÕÛɯÑÖÐÕÚɯ ÚàÓÓÈÉÜÚɀɯÛÖ×ÐÊɯ ÝÈÙÐÌÛàɯ ÈÕËɯ

ÌßÛÌÕÚÐÖÕɯÐÕɯÛÌÙÔÚɯÖÍɯÕÜÔÉÌÙɯÖÍɯÚÌÊÛÐÖÕɯÐÕɯÚàÓÓÈÉÜÚɯȹ/.-/1Ȯɯ

ÐÕÊÓÜËÐÕÎɯ Ú×ÌÊÐÍÐÊɯ È××ÓÐÌËɯ ÚàÓÓÈÉÜÚȮɯ /+ /1ȺȮɯ ÈÕËɯ ÛÏÌɯ
ÌÝÈÓÜÈÛÐÖÕɯ×ÈÛÛÌÙÕȯɯÊÖÕÛÐÕÜÐÕÎɯÌÝÈÓÜÈÛÐÖÕɯÔÖËÌɯȹ 5".-ȺɯÈÚɯ

Ö××ÖÚÌËɯÛÖɯÛÙÈËÐÛÐÖÕÈÓɯÛÌÚÛÐÕÎɯȹ 53$2Ȯɯ-43$2ȺȰɯÈÓÚÖɯÏÌÈÝàɯ

ÏÖÔÌÞÖÙÒɯÈ××ÓÐÌËɯÈÚÚÐÎÕÔÌÕÛÚɯȹ31 /1 ȺȮɯÈÕËɯÊÈÚÌɯÚÛÜËÐÌÚɯ

ȹ" 2.ȺȮɯÐÕÍÓÜÌÕÊÌɯÛÏÌɯÊÖÔ×ÖÕÌÕÛȮɯÉÌÐÕÎɯÛà×ÐÊÈÓɯÖÍɯÈÙÌÈɯƕȮɯ

,ÈÕÈÎÌÔÌÕÛȭ 
Teaching material extension, however, is represented by 

the second component. (CAPIT, SUBCAPIT, PAGI), wit h legal 

or article citation. Area 9 ɬ Law, is thus profoundly associated. 

Area 8 - Quantitative methods is also representative but in a 
mirrored fashion, along with Exercise Sets available. 

The third component is related to course readings ɬ to 

monograph citation (BLIV, BLIOB) and (therefore) opposed to 

existence of course handouts (FOLH). It is more consonant 

with area 7, Economics. 
Software (SOFJO) shows in the fourth component with area 

8 ɬ Quantitative Methods (both negative) and some influence 

of Exercise sets (CADEX), opposing strongly area 7 ɬ 

Economics. 

 ÙÌÈɯƗȮɯ ÊÊÖÜÕÛÐÕÎȮɯÖ××ÖÚÌÚɯ ÙÌÈɯƘɯ,ÈÙÒÌÛÐÕÎȮɯÛÏÌɯÍÖÙÔÌÙɯ
ÞÐÛÏɯÔÐÕÐɪÛÌÚÛÐÕÎɯÈÕËɯÈ××ÓÐÌËɯÚàÓÓÈÉÜÚɯÐÕɯÛÏÌɯÍÐÍÛÏɯÊÖÔ×ÖÕÌÕÛȭ 
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Internet citation (BINT), not surprisingly, appears with area 5 
ɬ Information Sy stems, both opposed to the sixth component ɬ 

and also to book citation (BLIV).  

 
Table 5. Principal Components, Teaching Mode 

 PC1 PC2 PC3 PC4 PC5 PC6 

Eigenv. 5.0059188 2.7567933 1.9148579 1.5887420 1.3279375 1.1354245 

% Cum. Exp 

Var. 
0.23837708 0.36965295 0.46083666 0.53649104 0.59972616 0.65379400 

Factor Load.       

PONPR 0.6833 0.1135 0.1815 0.2115 0.2652 0.0211 

AVTES -0.9212 0.1191 -0.0669 0.2222 0.0790 -0.0301 

AVCON  0.8298 -0.1237 0.2960 -0.0958 -0.1742 -0.1664 

AVTRA  0.5862 -0.0463 -0.3812 -0.3291 0.1348 0.3672 

NUTES -0.8729 -0.0285 -0.0130 0.2378 0.0753 0.0476 

MITES 0.0308 -0.1925 -0.5147 0.1915 0.3223 0.6041 

TRAPR 0.8099 -0.1442 0.2745 0.1173 -0.0767 -0.0566 

SOFJO 0.1131 -0.2153 0.4802 0.5879 -0.2599 0.2091 

CAPIT  -0.0497 0.3798 0.2309 -0.4698 0.0066 0.3536 

SUBCA -0.1211 0.6548 0.2190 0.0871 -0.2143 0.1876 

PAGI 0.4232 0.6476 -0.1227 0.2924 0.2438 0.1158 

BLIV  -0.0294 0.3202 0.2703 -0.0294 0.6960 -0.2062 

BART 0.2252 0.5892 -0.3405 0.1403 -0.1949 -0.2022 

BLEG -0.3176 0.5000 -0.2347 0.0853 -0.1723 -0.0573 

BINT  0.2032 0.1482 0.2651 0.4200 -0.2083 0.4442 

PLAPR 0.4969 0.0622 -0.0683 0.3386 0.4402 -0.1600 

BLIOB -0.1848 0.2963 0.5145 -0.0575 0.1957 0.0248 

FOLH 0.2541 -0.0482 -0.4620 0.1803 -0.2048 -0.0945 

CADEX -0.0529 -0.3877 -0.2351 0.4916 0.0768 -0.2060 

BARTLE 0.1114 0.8035 -0.1947 0.0795 -0.1586 -0.1376 

CASO 0.6898 0.0576 -0.2585 -0.0900 -0.1178 -0.0569 
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Table 5. Principal Components, Teaching Mode* 

 PC1 PC2 PC3 PC4 PC5 PC6 

Eigenv. 5.0059188 2.7567933 1.9148579 1.5887420 1.3279375 1.1354245 

% Cum. Exp 

Var. 
0.23837708 0.36965295 0.46083666 0.53649104 0.59972616 0.65379400 

% Explained 

Variance. of 

PCj 

      

PONPR 0.0933 0.0047 0.0172 0.0282 0.0530 0.0004 

AVTES 0.1695 0.0051 0.0023 0.0311 0.0047 0.0008 

AVCON  0.1376 0.0055 0.0458 0.0058 0.0228 0.0244 

AVTRA  0.0686 0.0008 0.0759 0.0682 0.0137 0.1188 

NUTES 0.1522 0.0003 0.0001 0.0356 0.0043 0.0020 

MITES 0.0002 0.0134 0.1383 0.0231 0.0782 0.3214 

TRAPR 0.1310 0.0075 0.0394 0.0087 0.0044 0.0028 

SOFJO 0.0026 0.0168 0.1204 0.2175 0.0509 0.0385 

CAPIT  0.0005 0.0523 0.0278 0.1389 0.0000 0.1101 

SUBCA 0.0029 0.1555 0.0251 0.0048 0.0346 0.0310 

PAGI 0.0358 0.1521 0.0079 0.0538 0.0448 0.0118 

BLIV  0.0002 0.0372 0.0381 0.0005 0.3648 0.0375 

BART 0.0101 0.1259 0.0605 0.0124 0.0286 0.0360 

BLEG 0.0201 0.0907 0.0288 0.0046 0.0224 0.0029 

BINT  0.0082 0.0080 0.0367 0.1111 0.0327 0.1738 

PLAPR 0.0493 0.0014 0.0024 0.0722 0.1459 0.0225 

BLIOB 0.0068 0.0319 0.1382 0.0021 0.0288 0.0005 

FOLH 0.0129 0.0008 0.1115 0.0205 0.0316 0.0079 

CADEX 0.0006 0.0545 0.0289 0.1521 0.0044 0.0374 

BARTLE 0.0025 0.2342 0.0198 0.0040 0.0189 0.0167 

CASO 0.0950 0.0012 0.0349 0.0051 0.0105 0.0029 

Notes: * Shading from the previous Table was preserved. We superimpose 

dashing for the cells that in each column represent the highest contribution 

and accumulate at least 60% of the total variance of the component. 
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Table 5.A. Principal Components, Teaching Mode 
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Table 5.A. Principal Components, Teaching Mode* 
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Observations  
The plotting the two first components did not reveal any 

identifying pattern in the area affiliation ɬ see Fig. 6 and 6.1.  
 

 
Figure 6. Single Set (21 Var.) 
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Figure 6.1. Single Set (21 Var.) 

 

Only 53,6% of original grouped cases were correctly 
classified ɬ overall the syllabus information per se is not 

revealing of area distinctive traits.  

3ÏÌɯÔÖÚÛɯÐÔ×ÖÙÛÈÕÛɯÝÈÙÐÈÉÓÌɯÍÖÙɯËÐÚÊÙÐÔÐÕÈÛÖÙàɯ×ÜÙ×ÖÚÌÚɯ

È××ÌÈÙÚɯÛÖɯÉÌɯ/"ƕȮɯÍÖÓÓÖÞÌËɯÉàɯ/"ƖɯÈÕËɯ/"Ƙȭɯ"ÖÔ×ÖÕÌÕÛɯƚɯ
ÞÈÚɯÓÌÍÛɯÖÜÛȭ 

The plot of the scores of the first two discriminant 

functions shows some proximity of areas 5 ɬ Information 

Systems -, 6 ɬ Operations and 8 ɬ Quantitative Methods and 

in a centred location area 2 - Finance. Areas 3 ɬ Accounting - 
and 7 ɬ Economics - almost coincide. 4 ɬ Marketing and 1 ɬ 

Management are also close together. 9 ɬ Law - and is a little 

ÍÜÙÛÏÌÙɯÈ×ÈÙÛȮɯÊÓÖÚÌÙɯÛÖɯƕƔɯÐÕɯÛÏÌɯÖÛÏÌÙÚɀɯÊÖÙÌȭ 
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Variables 
Entered/Removed 

a,b,c,d 

PC
1 

.467 1 9 74.00
0 

9.380 9 74.00
0 

.000 

PC
2 

.315 2 9 74.00
0 

6.337 18 146.00
0 

.000 

PC
4 

.218 3 9 74.00
0 

5.353 27 210.91
9 

.000 

PC
5 

.154 4 9 74.00
0 

4.808 36 267.80
7 

.000 

PC
3 

.117 5 9 74.00
0 

4.324 45 316.23
0 

.000 

Step 
1 
2 

3 

4 

5 

Entere
d 

Statisti
c 

df1 df2 df3 Statisti
c 

df1 df2 Sig. 
Exact 
F Statisti

c 
df1 df2 Sig. 

Approximate 
F 

Wilks' 
Lambda 

At each step, the variable that minimizes the overall Wilks' Lambda 
is entered. Maximum number of steps is 

12. 
a.  

Maximum significance of F to enter 
is .05. 

b.  

Minimum significance of F to remove 
is .10. 

c.  

F level, tolerance, or VIN insufficient for further 
computation. 

d.  

 

 

 
 

By credit score ranking, the first component would appear  

to be decreasing with it ɬ see Fig. 6.2. 
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Figure 6.2. Single Set (21 Var.) 

 

Only 51.2% of original grouped cases were correctly 
classified by credit score: 
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Variables Entered/Removeda,b,c,d

PC1 .699 1 5 78.000 6.712 5 78.000 .000

PC4 .598 2 5 78.000 4.520 10 154.000 .000

PC2 .514 3 5 78.000 3.823 15 210.204 .000

PC3 .442 4 5 78.000 3.481 20 249.697 .000

Step
1

2

3

4

Entered Statist ic df 1 df 2 df 3 Statist ic df 1 df 2 Sig.

Exact F

Statist ic df 1 df 2 Sig.

Approx imate F

Wilks' Lambda

At each step, the v ariable that minimizes the ov erall Wilks' Lambda is entered.

Maximum number of  s teps is  12.a. 

Maximum signif icance of  F to enter is  .05.b. 

Minimum signif icance of  F to remov e is .10.c. 

F level, tolerance, or VIN insuf f icient for f urther computation.d. 
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Overall sorting 

Variables  
The juxtaposition of variables from all the sets ɬ we present 

a selection of 221 ɬ generated components that congregated 

the several effects in a parallel fashion. 
The first component is positively related to course size (SIC) 

and credit score (CREDIT), compulsoriness (OBRIG1), and 

ÐÔ×ÓàÐÕÎɯËÖÞÕÚÛÙÌÈÔɯÙÌÚÛÙÐÊÛÐÖÕÚɯȹ/1."Ȯɯ1$"/1.ɀÚȮɯÌÛÊȭȺȭɯ(Ûɯ

is reflected in courses with high weekly hourly load (HTOT), 

and with Theoretical sessions (AULTP, negative); approval 

ÙÈÛÌÚɯȹ /1 5Ȯɯ / 53ȺɯÈÕËɯÎÙÈËÌÚɯȹ,$#ɀÚȺɯÈÙÌɯÓÖÞÌÙȮɯÔÖÙÌɯ
typical in first years (ANO1, ANO2). Women teaching (PMU) 

is relatively higher and professional category lower (CATME, 

negative). It is strongly related to area 4, Marketing, in an 

opposite fashion, and mildly consonant with area 8, 
Quantitative Methods. It is associated to teachers with higher 
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hourly load (HPDO, AHPDM), a heavier teaching assistant 

reliance (PASES, PASSI). Reliance on traditional, and 
generally, testing evaluation is more profound (AVTES 

NUTES, MITES), as well as Exercise Set (CADEX) ɬ less 

weight of continuing evaluation and case studies (AVCONT, 

CASO, negative). 
The second component apparently denotes Business 

specialization (ALDPC, AHDPC, PACGE), with  heavy exam 

ÈÛÛÌÕËÈÕÊÌɯÙÈÛÌɯȹ 5("ɀÚȺȮɯÈ××ÓÐÌËɯÈÕËɯÛÏÌÖÙÌÛÐÊÈÓɯÈ××ÓÐÌËɯ

hours (of the course, AULPTP, PPTPHLE, and of course 

teachers lectures, HDPTP), applied homework assignments 
(AVTRA), and no Final Exam (OUTOMAR negative). They 

are operationally non -resÛÙÐÊÛÌËɯÊÖÜÙÚÌÚɯ ȹ1$/ɀÚɯÕÌÎÈÛÐÝÌȺȭɯ

Teachers are but associate professors (PASS, negative), 

younger regents with lower category (IDRG, CATRG, 

ÕÌÎÈÛÐÝÌȺȮɯÈÕËɯÈɯÏÐÎÏÌÙɯÞÌÐÎÏÛɯÖÍɯ,! ɀÚȭɯ3ÏÌɯÊÖÔ×ÖÕÌÕÛɯ
mildly opposes area 7, Economics and is more in line with 

entrance year (ANO1). 
The third component is dominated by Economics teachers 

sharing, and consonant with area 8, Quantitative Methods. 
%ÙÌÌËÖÔɯÍÙÖÔɯÙÌÚÛÙÐÊÛÐÖÕÚɯÐÚɯ ÔÖÙÌɯÛà×ÐÊÈÓɯ ȹ+(51ɀÚȺȮɯÈÕËɯ

shorter end-of branch (ORDMAX, SPROMAX2, negative). 
The fourth component is linked to Independent Studies, area 

10, with some calendar effects, and teachers of few courses, 

(PDID1; PDO2S, DISAN, negative). 
Teaching qualification (GRAME) shows in the seventh 

component, with area 2, Finance, with teachers specialized in 

Business teaching (ALPDP, AHPDP). 
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Table 6. Principal Components, Overall Components 
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Table 6. Principal Components 
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Table 6. Principal Components 

 



Ch.2. Information content of variables and observations: Bundles and clusters  

Martins (2021). Teaching and Evaluation Patterns of a Business BA Program KSP Books 
75 

Table 6. Principal Components 
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Table 6. Principal Components 
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Table 6. Principal Components 
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Table 6. Principal Components 
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Table 6. Principal Components 
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Table 6.1. Principal Components, Overall Components * 

 




























































































































































































































































































