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Tertiary institutions internationally are faced with the question of how to determine prospective students' real academic potential. This is particularly true for South African institutions where many students had inferior (poor and inadequate) schooling.Furthermore, conventional measures of abilities and achievement are orientated primarily toward assessing memory skills, and secondarily, toward assessing analytical skills. They rarely tap creative or practical skills in any meaningful way. However, prospective students from alternative backgrounds may have developed creative and practical skills to a greater extent than they have developed analytical ones. Particularly if their upbringing has been under difficult circumstances, being creative has become a prerequisite for survival. Conventional assessments of intelligence are not relevant in a multicultural context and fail to include other integral parts of intelligence in order to represent the whole of intelligence.( Thus, it is incumbent on researchers to develop broader predictive frameworks that take into account the diversity of skills likely to be found in populations.This paper describes the design and implementation of such a broader predictive framework at the University of Stellenbosch (South Africa), based on the Triarchic Theory of Intellectual Abilities (Sternberg, 1985, 1996


) and the Theory of Mental Self-Government (1997a
). The hypothesis of this underlying research is that triarchic abilities, thinking styles, biographical information and past achievement will predict academic performance beyond the prediction provided by assessments of academic abilities. The paper concludes with research findings, conclusions and recommendations for further research.

Introduction, motivation for and relevance of research

International challenge of determining the real academic potential of prospective university students 

After being exposed to the environment of academic development at the University of Stellenbosch (South Africa) since 1994, it became apparent how difficult it is to establish an effective way of determining the real academic potential of prospective university students.

Tertiary institutions internationally are faced with the same challenge of determining the real academic potential of prospective students. (Geiger & Cooper, 1995). 

Research (TTT Programme, 1993

) indicates that the school results of students from historically disadvantaged schools correlate poorly with their academic achievements at the university. 

Up to a few years ago, research (TTT Programme, 1993) further showed that the grade 12 results still remained the best predictor of studying successfully at a university for those students who passed the grade 12 examinations with a C-symbol and above. However, the following pattern of grade 12 results from black education systems over the last decade illustrates the dilemma faced by these students: of the candidates who passed their grade 12 examination in the A-E aggregate categories, 58% were in the E category and only 5,7% in the A, B and C categories (Hartshome, 1990 in the TTT Programme, 1993:7).

Particular challenge to South African tertiary institutions

The above challenge is particularly true for South Africa, where the educational legacy of the past left universities with reservations about the reliability of matriculation (grade 12) results (Zietsman & Greiling, 1985:185
; Frazer, 1990:96
; Fisher & Scott, 1993:47
; Huysamen, 1996:119
; Skuy et al, 1996:110
).
Shortcomings of conventional measures of abilities and achievement

Conventional measures of abilities and achievement are orientated primarily toward assessing memory skills, and secondarily, toward assessing analytical skills. They rarely tap creative or practical skills in any meaningful way (Sternberg, 1998:4
). However, prospective students from alternative backgrounds may have developed creative and practical skills to a greater extent than they have developed analytical ones. Particularly if their upbringing had been under difficult circumstances, they needed to be creative in surviving. Conventional assessments of intelligence are not relevant in a multicultural context and fail to include other integral parts of intelligence in order to represent the whole of intelligence( (Sternberg, 1999:145)
. Thus, it is incumbent on researchers to develop broader predictive frameworks that take into account the diversity of skills we are likely to find in populations (Taylor, 1994:185
; Sternberg & Williams, 1997:640
; Sternberg, 1999
).

Proposal: theory-based approach of Sternberg

For this reason the authors have embarked on a research project with Prof. Robert Sternberg of Yale University who has developed a theory-based approach for predicting academic achievement.

Research problem and objectives

Research problem: unidentified academic potential of prospective university students

The research problem is, therefore, the fact that present practice lead to probably thousands of students entering university (who should not) and likewise, probably thousands who are denied entrance (and who have the potential).

Research objective: to design and implement a broader predictive framework based on Sternberg's research.

Design of the broader predictive framework

Two dependent and three independent variables from the basis of the theoretical design.

Theoretical design

The Triarchic Theory of Intellectual Abilities

According to the Theory of Intellectual Abilities (Sternberg, 1985
; 1986:23
), three kinds of intellectual abilities exist, namely analytical, creative and practical abilities. Measures of abilities tend to focus mainly on analytical abilities, whereas all three types of abilities need to be regarded as equally important.

Research done by Sternberg (1997b:24
) showed: The more we teach and assess students based on a broader set of abilities, the more racially, ethnically, and socioeconomically diverse our achievers will be. 

The Theory of Mental Self-Government

Furthermore, research by Sternberg emphasises that students' learning and thinking styles (Sternberg, 1997a
) (which are usually ignored), together with their ability levels, play an important role in student performance (Sternberg, 1992:134
; 1994:36-40
; Sternberg & Grigorenko, 1997:295
). The Theory of Mental Self-Government (Sternberg, 1997a
) refers to an inventory of different thinking styles that gives an indication of people's preference of thinking patterns.

Where the Triarchic Theory focuses on the ability itself, the theory of Mental Self-Government refers to different thinking styles which constitutes preference in the use of abilities (Sternberg, 1990:366-371
).

Other variables

Other variables such as biographical data, past achievement at school and academic performance at university also form part of the theoretical design.

Hypothesis

The hypothesis is, therefore, that Triarchic Abilities, thinking styles, biographical data 
and past achievement will predict academic performance beyond the prediction provided by traditional assessments of academic abilities.

Implementation

Target population

Freshmen (1999 intake) from the University of Stellenbosch were involved in the empirical study. The nature of this total population is outlined in Table 1:

Table 1

Target Population (1999)

	
	POPULATION

	FACULTY
	Female
	Male
	TOTAL

	Arts & Social Sciences
	  574
(69%)
	  255
(31%)
	  829

	Natural Sciences
	  407
(56%)
	  323
(44%)
	  730

	Management Sciences
	  461 
(41%)
	  652
(59%)
	1113

	Engineering Sciences
	    37
(13%)
	  245
(87%)
	  282

	Health Sciences
	  354
(72%)
	  139
(28%)
	  493

	TOTAL
	1833
(53%)
	1614
(47%)
	3447


The total first-year student population for 1999 added up to 3447 first year students (Table 1). The gender distribution in the population was 1833 (53%) female and 1614 (47%) male students.

Sampling procedure and structure

The 1999-sample of students who took part in the study (Table 2) was based on volunteers (N = 585) representing 17% of the first year student population.

	
	SAMPLE

	
FACULTY
	
Female
	
Male
	
TOTAL
	%  of Population

	Arts & Social Sciences
	137
(90%)
	  16
(10%)
	153
	18%

	Natural Sciences
	  77
(71%)
	  32
(29%)
	109
	15%

	Management Sciences
	101
(55%)
	  82
(45%)
	183
	16%

	Engineering Sciences
	    7
(9%)
	  73
(91%)
	  80
	28%

	Health Sciences
	  48
(80%)
	  12
(20%)
	  60
	12%

	TOTAL
	370
(63%)
	215
(37%)
	585
	17%


Table 2

Sample

Population (1999)

Students representing five faculties (Arts and Social Sciences, Natural Sciences, Economic and Management Sciences, Engineering and Health Sciences) were invited to participate. A satisfactory faculty proportionate representation was obtained, although the respondents did not match a gender representation in the faculties of Arts, Natural, Management and Health Sciences. A better gender representation match was obtained in the Faculty of Engineering.

Research findings

Descriptive Analysis

The first step that was undertaken in the statistical analysis of the data was to establish whether the standard deviations for the three abilities (analytical, creative and practical) within the various faculties were different. The second step was to determine whether the mean scores concerning these three abilities in the various faculties were different. Thirdly, correlations between the three triarchic abilities with each faculty were drawn, after which the common variance was calculated. Lastly, the correlation between the three triarchic abilities and each of the 13 thinking styles was established. The outcomes of these steps are given in the tables below, followed by a short description/interpretation.

The standard deviation (Table 3) of the sample for all the abilities ranged between 2.0 and 2.5, which can be described as a fair range. For all the faculties the mean of the three abilities ranged between 6.3 and 8.5  (for which the Practical Ability scored the highest). The individual means of the three abilities within the Engineering faculty was the highest, the Creative Ability for the Natural Sciences was the lowest, and for the Arts faculty the Analytical and Practical Abilities scored the lowest.

Table 3

Means and standard deviations of sample respondents according to Faculties and Triarchic Abilities

	
	
	TRIARCHIC ABILITIES
	
	

	
	
	ANALYTICAL
	CREATIVE
	PRACTICAL
	TOTAL

	FACULTY
	N
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	Arts & Social 
Sciences
	153
	5.3
	2.0
	6.1
	1.8
	  7.8
	2.8
	18.4
	4.7

	Natural 
Sciences
	109
	5.9
	2.1
	5.8
	2.1
	  7.9
	2.7
	18.7
	4.9

	Management 
Sciences
	183
	6.7
	2.1
	6.7
	2.0
	  8.9
	2.1
	21.1
	4.5

	Engineering 
Sciences
	  80
	7.6
	1.8
	6.9
	2.1
	10.0
	1.5
	23.5
	4.3

	Health 
Sciences
	  60
	6.0
	2.2
	5.9
	1.9
	  8.4
	2.4
	19.3
	4.5

	ALL faculties
	585
	6.3
	2.2
	6.3
	2.0
	  8.5
	2.5
	20.1
	4.9


No significant differences between any means of triarchic abilities within faculties (Table 4) were recorded.

Many significant (from p<0.05 to highly significant p<0.001) differences between means of faculties within each triarchic ability were recorded (Table 5). Two faculties stood out: Engineering had the highest mean of all the faculties in all three abilities, whereas the mean of the Management Sciences was consistently higher than that of the Arts and Natural Sciences for all three abilities.

The correlations between the three triarchic abilities within each faculty (Table 6) were significant in most cases, but not in these two cases: Analytical and Practical Abilities in Engineering, and Creative and Practical Abilities in the Health Sciences did not relate 

Table 4

Analysis of variance for significant differences between the means of the triarchic abilities

	
	SS
	Df
	MS
	SS
	Df
	MS
	
	
	

	Variables
	Effect
	Effect
	Effect
	Error
	Error
	Error
	F
	p
	

	Analytical
	11.4754
	4
	2.8688
	  985.66
	580
	1.6994
	1.6881
	0.1512
	NS

	Creative
	  4.6753
	4
	1.1688
	  827.77
	580
	1.4272
	0.8189
	0.5133
	NS

	Practical
	11.0916
	4
	2.7729
	1049.77
	580
	1.8099
	1.5320
	0.1913
	NS

	TOTAL
	22.5200
	4
	5.6300
	4755.73
	580
	8.1995
	0.6866
	0.6014
	NS


significantly (although these abilities had a significant relation in the other faculties). Analytical and Creative Abilities related significantly in all of the faculties.

The coefficient of determination (r2 x 100) provides information about the strength of the relationship between two variables (indicating the proportion shared).

In Table 7 the highest common variance was found between an individual ability and the total ability ranging between 51% (TOTAL & Creative Abilities for the Arts faculty) and 74% (TOTAL & Creative Abilities for the Engineering faculty). Individually, the Engineering faculty scored the highest common variance of 27% for Analytical and Creative Abilities.

Studying Table 7 the following can be noticed:

· The highest common variance (as could be expected) was found between an individual ability and the total ability ranging between 51% (Total & Creative Abilities for the Arts Faculty) and 74% (Total & Creative Abilities for the Engineering Faculty).

· According to the individual faculties the highest common variance between two triarchic abilities was recorded as follows:

· Arts and Social Sciences: Analytical and Practical Abilities (24%)

· Natural Sciences: Creative and Practical Abilities (14%)

· Economic and Management Sciences: Analytical and Creative Abilities (12%)

· Engineering: Analytical and Creative Abilities (27%)

Health Sciences: Analytical and Practical Abilities (17%)  

Table 5

Significance (p) of difference between means of Faculties within triarchic abilities

	
	ANALYTICAL

	
	(Mean=5.3464)
	(Mean=5.9450)
	(Mean=6.7322)
	(Mean=7.6375)
	(Mean=5.9500)

	FACULTIES
	Arts and Social Sciences
	Natural 
Sciences
	Management Sciences
	Engineering Sciences
	Health 
Sciences

	Arts and Social Sciences
	
	0.202911
	0.000017
	0.000017
	0.496338

	Natural  Sciences
	0.202911
	
	0.039124
	0.000019
	0.999999

	Management Sciences
	0.000017
	0.039124
	
	0.044051
	0.230678

	Engineering Sciences
	0.000017
	0.000019
	0.044051
	
	0.000088

	Health  Sciences
	0.496338
	0.999999
	0.230678
	0.000088
	

	
	CREATIVE

	
	(Mean=6.0523)
	(Mean=5.8073)
	(Mean=6.6667)
	(Mean=6.9250)
	(Mean=5.9333)

	FACULTIES
	Arts and Social Sciences
	Natural 
Sciences
	Management Sciences
	Engineering Sciences
	Health 
Sciences

	Arts and Social Sciences
	
	0.887825
	0.047676
	0.038668
	0.997359

	Natural  Sciences
	0.887825
	
	0.010486
	0.002841
	0.996698

	Management Sciences
	0.047676
	0.010486
	
	0.919906
	0.241360

	Engineering Sciences
	0.038668
	0.002841
	0.919906
	
	0.043905

	Health Sciences
	0.99736
	0.996698
	0.24136
	0.043905
	

	
	PRACTICAL

	
	(Mean=7.0000)
	(Mean=6.9358)
	(Mean=7.7213)
	(Mean=8.9375)
	(Mean=7.4167)

	FACULTIES
	Arts and Social Sciences
	Natural 
Sciences
	Management Sciences
	Engineering Sciences
	Health 
Sciences

	Arts and Social Sciences
	
	0.999389
	0.019306
	0.000017
	0.804549

	Natural  Sciences
	0.999389
	
	0.040285
	0.000017
	0.707199

	Management Sciences
	0.019306
	0.040285
	
	0.001865
	0.928529

	Engineering Sciences
	0.000017
	0.000017
	0.001865
	
	0.000546

	Health Sciences
	0.804549
	0.707199
	0.928529
	0.000546
	


Bold in cells indicates significant differences (p<0.05 to p<0.001)
Table 6

Correlation (r) between triarchic abilities within Faculties separately 
	
	ARTS & SOCIAL  SCIENCES  (n=153;  critical value >0.1590)

	TRIARCHIC ABILITIES
	Analytical 
	Creative 
	Practical 
	Total 

	Analytical 
	
	0.381088
	0.492063
	0.802918

	Creative 
	0.381088
	
	0.366827
	0.713710

	Practical 
	0.492063
	0.366827
	
	0.820974

	Total 
	0.802918
	0.713710
	0.820974
	

	
	NATURAL  SCIENCES  (n=109;  critical value >0.1886)

	TRIARCHIC ABILITIES
	Analytical 
	Creative 
	Practical 
	Total 

	Analytical 
	
	0.338431
	0.346332
	0.745253

	Creative 
	0.338431
	
	0.372220
	0.749026

	Practical 
	0.346332
	0.372220
	
	0.766941

	Total 
	0.745253
	0.749026
	0.766941
	

	
	MANAGEMENT  SCIENCES  (n=183;  critical value >0.1453)

	TRIARCHIC ABILITIES
	Analytical 
	Creative 
	Practical 
	Total 

	Analytical 
	
	0.349655
	0.324500
	0.762208

	Creative 
	0.349655
	
	0.305871
	0.731584

	Practical 
	0.324500
	0.305871
	
	0.732900

	Total 
	0.762208
	0.731584
	0.732900
	

	
	ENGINEERING  SCIENCES  (n=80;  critical value >0.2205)

	TRIARCHIC ABILITIES
	Analytical 
	Creative 
	Practical 
	Total 

	Analytical 
	
	0.521366
	0.130684
	0.737380

	Creative 
	0.521366
	
	0.347915
	0.862610

	Practical 
	0.130684
	0.347915
	
	0.633008

	Total 
	0.737380
	0.862610
	0.633008
	

	
	HEALTH  SCIENCES  (n=60;  critical value >0.2552)

	TRIARCHIC ABILITIES
	Analytical 
	Creative 
	Practical 
	Total 

	Analytical 
	
	0.343343
	0.409118
	0.811784

	Creative 
	0.343343
	
	0.245847
	0.693971

	Practical 
	0.409118
	0.245847
	
	0.727177

	Total 
	0.811784
	0.693971
	0.727177
	


*All critical values based on p<0.05
Bold values indicate significance (p<0.05)
Table 7 

Proportion of common variance for correlation between triarchic variables according to Faculties
	
	COMMON VARIANCE  (r2 x 100)

	FACULTIES
	Analytical
vs.
Creative
	Analytical
vs.
Practical
	Creative
vs. 
Practical
	Total 
vs.
Analytical
	Total 
vs.
Creative
	Total 
vs.
Practical

	Arts & Social Sciences
	15%
	24%
	13%
	64%
	51%
	67%

	Natural Sciences
	11%
	12%
	14%
	56%
	56%
	59%

	Management Sciences
	12%
	11%
	  9%
	58%
	54%
	54%

	Engineering Sciences
	27%
	  2%
	12%
	54%
	74%
	40%

	Health Sciences
	12%
	17%
	  6%
	66%
	48%
	53%

	RANGE Columns
	11-27%
	2-24%
	6-14%
	54-66%
	48-74%
	40-67%


Bold indicates highest common variance within a row cluster
The analysis of the correlation between the three triarchic abilities and the 13 thinking styles (Table 8) revealed no significant relationships. Of the 52 correlation coefficients, 41 were negative correlations. With the exception of the correlation with Internal, Practical Abilities correlated negatively with all other thinking styles. Internal TS (Thinking Style) was the only thinking style that correlated positively with all variables of triarchic abilities.

Stepwise multiple (linear) regression analysis

For the 1999 first year students who participated in the research project at Stellenbosch University, their end-of-year results were added to the data record containing the results of the Sternberg questionnaires. Initially, the marks obtained for selected courses were plotted against the 16 Sternberg measurements. The most important observation that could be made from these scatter plots was that clustering was present on the 50% mark. This is due to the fact that the re-examination mark was included for each student instead of a statement that he/she failed the first examination sitting. This was done to maximize the numerical scores for each subject. Some of the students, however, still had an indication on their student record that they terminated a particular course or that they failed to qualify to write the examinations - this occurred in most cases for much less than 10% of the enrolled students.

Table 8

Correlation (r) between the mean scores of thinking styles and triarchic abilities (N=585)

	
	TRIARCHIC ABILITIES

	THINKING STYLES
	ANALYTICAL
	CREATIVE
	PRACTICAL
	Total

	FUNCTIONS
	
	
	
	

	
Legislative   
	-0.01
	0.02
	-0.03
	-0.01

	
Executive    
	-0.02
	-0.08
	-0.05
	-0.07

	
Judicial  
	-0.02
	-0.05
	-0.02
	-0.05

	FORMS
	
	
	
	

	
Monarchic  
	-0.03
	-0.03
	-0.09
	-0.06

	
Hierarchic 
	0.01
	0.03
	-0.05
	-0.01

	
Oligarchic 
	-0.02
	-0.03
	-0.05
	-0.04

	
Anarchic
	-0.05
	-0.05
	-0.09
	-0.08

	LEVELS
	
	
	
	

	
Global  
	-0.09
	-0.09
	-0.09
	-0.12

	
Local  
	0.01
	-0.03
	-0.03
	-0.03

	SCOPE
	
	
	
	

	
Internal 
	0.00
	0.02
	0.01
	0.01

	
External  
	-0.04
	-0.08
	-0.11
	-0.09

	LEANING
	
	
	
	

	
Liberal  
	0.01
	-0.01
	-0.06
	-0.03

	
Conservative   
	0.02
	-0.07
	-0.02
	0.03


An attempt was made to quantify the influence of failing or terminating a particular course on the pre-recorded Sternberg measurements. Discriminant analysis was a possible option to identify the Sternberg measurements that would provide information on the success or failure of a student for a particular course. Due to the unbalanced nature i.e. the small number of students who failed, this option was not pursued further. It was decided to concentrate on the final mark (as described above). 

Within each of the faculties, some subjects with sufficient numbers of students were selected to investigate whether the 16 Sternberg measurements provided regression information on the final mark obtained. A measurement that was available to us on the enrolment records was the general matriculation symbol, which was translated to a numerical value. The combination of matriculation subjects was diverse and therefore, the general matriculation symbol does not provide the same information for each first year student but gives an indication of his/her general ability. In the style of academic studies at a university no attempt was made to calculate a combined percentage of success for the first year and it was decided to concentrate on individual subjects.

Procedures followed in the application of stepwise multiple regression

The predicted variable was subjected to a stepwise multiple (linear) regression procedure. For a predicting measurement to enter the regression equation, the significance value had to be less than 0.005. However, the predicting measurement could also be removed should the contribution be less in relation to the other predictors present in the equation. There was, however, no removal of predicting variables in the present application.

The influence of the 16 Sternberg measurements was studied on the performance in a particular subject within the various faculties. The application of stepwise multiple regression was done in two ways:

· Phase I: The influence of the 16 Sternberg measurements (three abilities and 13 thinking styles (TS)) on the performance in a particular subject, was studied.

· Phase II: The influence of the 16 Sternberg measurements on the performance in a particular subject, together with the combined averages of the three abilities and Grade 12 results, was studied.

In the tables below a synopsis is given of the main factors that seem to influence the performance in a particular subject within the various faculties. A comparison can be drawn from these tables between the variables providing a strong predictive value concerning performance in a particular subject, together with comparisons of the R-squared measurement of fit. Only the negative nature of the Standardized Coefficient of a particular variable is indicated in brackets, whereas the rest have a positive coefficient. 

Concerning Biology 124 (Phase I) the three variables Analytical Abilities, Practical Abilities and the Anarchic Thinking Style (TS) provided a strong predictive value in describing the final mark in this subject (Table 9). It is clear that all three measurements assist significantly in providing a linear prediction of the performance in Biology. The R-Squared measurement of fit is equal to 41.7%. Studying the standardized coefficients it is evident that the Analytical and Practical Abilities influence the performance in Biology positively, and that the slope of the Practical ability is much steeper than that of the Analytical Ability. The performance in Biology decreases for those students with a higher Anarchic TS score. 

The predictors (Phase II) that provided a significant explanation of the variability in Biology 124 is Grade 12 results, Practical Abilities, the total average of the abilities, Analytical Abilities, Anarchic TS and Liberal TS. After the stepwise multiple regression was applied, most of the previous list remained as linear predictors of the performance in Biology but a new predictor, namely Executive TS was added in the simultaneous linear equation.

Table 9

Faculty: Natural Sciences

	
	Phase I
	Phase II

	Subject
	Biology 124
	Biology 124

	Variables providing strong predictive value
	Analytical Abilities

Practical Abilities

Anarchic TS (-)
	Grade 12 Results

Total Abilities

Executive TS

Liberal TS (-)

	R-Squared
	41.7%
	58.9%

	
	
	

	Subject
	Chemistry B134
	Chemistry B134

	Variables providing strong predictive value
	Analytical Abilities

Anarchic TS (-)
	Total Abilities

Anarchic TS (-)



	R-Squared
	35.5%
	32.3%

	
	
	

	Subject
	Computer Skills 172
	Computer Skills 172

	Variables providing strong predictive value
	Analytical Abilities

Practical Abilities

Internal TS 
	Grade 12 Results

Total Abilities



	R-Squared
	21.3%
	21.6%


Comparing Phases I and II for Biology 124 it will be observed that in the regression where the Grade 12 results and the total average of the abilities were added to the list of predictors considered, these two variables add considerably to the quality of the prediction (R-Squared increased from 41.7% to 58.9%). From Phase II it is evident that the prediction of the performance in Biology is highly dependent on the Grade 12 results and the Total Abilities. The shortlist of these two regression runs does not share any predicting measurements in the final stepwise multiple regression summaries.

By following the same procedure as was described for Biology 124 above, similar deduction can be made for Chemistry B134 and Computer Skills 172. It is evident that the common variables that provide a strong predictive value in describing the final marks in all the subjects (Phase I) is Analytical Abilities. Furthermore, common variables in this phase for Biology and Chemistry are Anarchic TS - the performance in these subjects decreases for those students with higher Anarchic scores (a negative correlation). Practical Abilities are the common variable that influences the performance in Biology and Computer Skills positively.

For all the subjects in Phase II, the total average of the three abilities is common to provide a strong predictive value in describing the final mark in these subjects. For Biology and Computer Skills the common variable is Grade 12 results. 

In the regression where the variables for Chemistry was added in Phase II, the R-Squared measurement of fit decreases slightly from 35% to 32%, whereas this factor remains virtually the same for Computer Skills (21%).

[Table 10

Faculty: Engineering

	
	Phase I
	Phase II

	Subject
	Engineering Physics 124
	Engineering Physics 124

	Variables providing strong predictive value
	Hierarchic TS


	Grade 12 Results

Internal TS



	R-Squared
	10.4%
	19.4%

	
	
	

	Subject
	Engineering Chemistry 124
	Engineering Chemistry 124

	Variables providing strong predictive value
	Judicial TS

Anarchic TS (-)
	Grade 12 Results

Judicial TS

Oligarchic TS (-)

Anarchic TS (-)

	R-Squared
	31.5%
	57.1%

	
	
	

	Subject
	Engineering Maths 115
	Engineering Maths 115

	Variables providing strong predictive value
	Hierarchic TS 
	Grade 12 Results

Practical  Abilities (-)

Hierarchic TS

	R-Squared
	13.7%
	28.2%

	
	
	

	Subject
	Engineering Drawings 124
	Engineering Drawings 124

	Variables providing strong predictive value
	Local TS

Oligarchic TS
	Grade 12 Results

Local TS



	R-Squared
	13.8%
	14.1%

	
	
	

	Subject
	Strength of Materials 142
	Strength of Materials 142

	Variables providing strong predictive value
	Legislative TS 
	Legislative TS



	R-Squared
	11.6%
	10.5%


In the case of the Faculty of Engineering (Table10) the stepwise multiple regression was done for five subjects that had sufficient numbers of students who completed the questionnaires: Physics, Chemistry, Mathematics, Drawing and Strength of Materials. By comparing the variables that showed the strongest predictive value for performance in these subjects, it is striking that (except for Engineering Mathematics) none of the three abilities (Analytical, Creative and Practical) play a role. It is mostly the various thinking styles that provide strong predictive value. In the case of Mathematics, Practical Abilities correlate negatively with performance in this subject.  

Except for Strength of Materials, Grade 12 Results is the common variable for all subjects that provides strong predictive value in the various subjects. Furthermore, the particular thinking style (amongst others) that was predominantly the variable with the strongest predictive value during Phase I for a particular subject, remains to be that variable (amongst others) after the stepwise multiple regression analysis of Phase II was applied (except for Engineering Physics). For example, Local TS for Engineering Drawings, Hierarchic TS for Mathematics and Legislative TS for Strength of Materials appear in both phases of the analysis of the particular subject. 

An outstanding feature is the R-Squared measurement of fit for Engineering Chemistry that increases from 31.5% to 57.1% due to the strong influence of Grade 12 Results, Judicial TS, Oligarchic TS (-) and Anarchic TS (-). By examining the standardized coefficients it is noted that students with a predominantly Oligarchic or Anarchic Thinking Style correlate negatively with their performance in this subject. Furthermore, the R-Squared measurement of fit doubles (from 13.7% to 28.3%) for Mathematics due to the influence of the Grade 12 results and Local TS, whereas this factor remains more or less the same for the rest of the subjects.
Table 11

Faculty: Health Sciences

	
	Phase I
	Phase II

	Subject
	Chemistry (Med) 111
	Chemistry (Med) 111

	Variables providing strong predictive value
	None


	Grade 12 Results



	R-Squared
	0%
	29.6%

	
	
	

	Subject
	Data Management 111
	 Data Management 111

	Variables providing strong predictive value
	Practical Abilities

Liberal TS (-)
	Grade 12 Results

Anarchic TS (-)



	R-Squared
	33.1%
	45.2%

	
	
	

	Subject
	Biology (Med.) 111
	Biology (Med.) 111

	Variables providing strong predictive value
	Legislative TS (-)
	Grade 12 Results

Legislative TS (-)



	R-Squared
	16.7%
	45.7%

	
	
	

	Subject
	Physic (Med.) 111
	Physic (Med.) 111

	Variables providing strong predictive value
	Global TS (-)
	Grade 12 Results

Local TS



	R-Squared
	13.4%
	50.1%


The stepwise multiple regression analysis that was done on four medical related subjects (Table 11) revealed that Grade 12 results is the only variable that provides a strong predictive value for performance in Chemistry (R-Squared equals 29%). This variable is also the common variable (amongst other variables) for all other subjects. Except for the Legislative TS for Biology in Phases I and II, no other subject in any phase shares the same thinking style as a variable for providing strong predictive value. Furthermore, a striking feature is that all the thinking styles (but Local TS for Physics) correlate negatively with performance in the various subjects. Practical ability is the only variable that provides a strong predictive value (for performance in Data Management). 

The R-Squared measurement of fit increased the most (from 13.4% to 50.1%) for Physics where Grade 12 results and the positive standardized coefficient of Local TS are the variables that provide the strongest predictive value.

Table 12

Faculty: Economic and Management Sciences

	
	Phase I
	Phase II

	Subject
	Statistics 186
	Statistics 186

	Variables providing strong predictive value
	Analytical Abilities


	Grade 12 Results



	R-Squared
	5.5%
	38.2%

	
	
	

	Subject
	Business Management 142
	Business Management 142

	Variables providing strong predictive value
	Analytical Abilities

Hierarchic TS
	Grade 12 Results

Internal TS 



	R-Squared
	10.5%
	26.6%

	
	
	

	Subject
	Economics 178
	Economics 178

	Variables providing strong predictive value
	Analytical Abilities

Practical Abilities
	Grade 12 Results

Practical Abilities

Executive TS

Oligarchic TS (-)

	R-Squared
	15.8%
	46.2%


The influence of the 16 measurements of Sternberg on the performance in only three subjects (Statistics 186, Business Management 142 and Economics 178) was investigated (Table 12). The stepwise multiple regression of the 16 measurements of Sternberg (Phase I) indicated that Analytical Abilities is the common variable for providing strong predictive value in all the subjects. However, the second stepwise multiple regression (Phase II) run indicated that Grade 12 results commonly provides strong predictive value to performance in all the subjects. In the case of Statistics, these two variables are the only predictors, whereas Practical Abilities, Hierarchic, Internal, Executive and Oligarchic Thinking Styles also play a role. The performance in Economics decreases for those students with a higher Oligarchic TS score (a negative correlation). The quality of prediction is in the case of Economics is considerably influenced by Grade 12 results, Practical Abilities, Executive and Oligarchic Thinking Styles (R-Squared measurement of fit increases from 15.8% to 46.2%).

Table 13

Faculty: Arts and Social Sciences

	
	Phase I
	Phase II

	Subject
	Sociology 142
	Sociology 142

	Variables providing strong predictive value
	Practical Abilities

Local TS (-)

Liberal

External TS (-)
	Grade 12 Results

Creative Abilities

External TS (-)

	R-Squared
	39.9%
	53%

	
	
	

	Subject
	Psychology 114
	Psychology 114

	Variables providing strong predictive value
	Analytical Abilities

External TS (-)
	Grade 12 Results

Analytical Abilities

External TS (-)



	R-Squared
	32.8%
	39.3%

	
	
	

	Subject
	Information and Computer Skills 172
	Information and Computer Skills 172

	Variables providing strong predictive value
	Analytical Abilities

Practical Abilities

Legislative TS

Oligarchic TS (-)

External TS (-)
	Grade 12 Results

Total Abilities

Oligarchic TS (-)

	R-Squared
	35.6%
	45.4%


In the case of the Faculty of Arts and Social Sciences (Table 13), the External Thinking Style is the common variable that provided the strongest predictive value across all three subjects. In all cases the Executive TS shows a negative correlation. This variable is also a factor in the second phase of the stepwise multiple regression, except for Information and Computer Skills where the Oligarchic TS is predominant in both phases. The Analytical and Practical Abilities are also strong predictors of value during Phase I. Once again Grade 12 results is the predominant variable for providing strong predictive value to performance of all the subjects. Creative and Analytical Abilities are seen to play an important role (for the first time) in predicting performance in Sociology and Psychology (Phase II of the stepwise multiple regression analysis). Sociology is also the subject with the highest R-Squared measurement of fit (53%) within this faculty.

Conclusions

The interpretation of the statistical analysis must be done with certain factors in mind: 

Firstly, 17% (585 students) of the 1999 total first year student population volunteered to take part in this study and, therefore, allude to a biased sample. Consequently, it is difficult to extrapolate definite conclusions concerning the population. Any conclusion that is made below, therefore, refers to the characteristics of the respondents within the various faculties. 

Secondly, due to the biased nature of the sample, statistical techniques other than factor analysis were used, as this method would lead to the grouping of variables.

Thirdly, it was decided to concentrate on individual subjects for the stepwise multiple regression analysis due to the complexity of calculating a combined percentage as indicator of success within a faculty. 

Fourthly, only subjects within the faculties were chosen with sufficient student numbers to investigate whether the 16 Sternberg measurements (three triarchic abilities and 13 thinking styles) provided regression information on the final mark obtained.

The 1999 Group (Tables 9 - 13)
Deductions that can be made from the stepwise multiple regression procedure utilizing only the 16 Sternberg measurements are the following:

· Analytical Abilities provided strong predictive value of performance in subjects within the faculties of the Natural Sciences, Economic and Management Sciences and Arts and Social Sciences.
· Practical Abilities appeared to provide strong predictive value of performance in subjects for the Health Sciences (Data Management), Economic and Management Sciences (Economics) and the Arts faculty (Sociology and Information and Computer Skills).

· Creative Abilities featured no where as a variable providing strong predictive value of performance in subjects.

Deductions that can be made concerning the Phase II stepwise multiple regression are the following:

· After adding other variables to the regression equation, the variable that provided strong predictive value of performance in subjects across all faculties was Grade 12 results (except for Chemistry B134 and Strength of Materials 142). 

Grade 12 results do play an important role in the prediction of academic performance at university level. This conclusion concurs with research that indicted that matriculation results still remain the best predictor of studying successfully at a university for those students who passed the grade 12 examinations with a C-symbol and above (TTT Programme, 1993). According to student records at the University of Stellenbosch, the distribution of matriculation symbols for first years of 1999 was as follows: 31.9% passed Grade 12 with A-symbols, 31.5% with B-symbols, 12.6% with C-symbols and only 7.2% with D-symbols. In this particular study, more than 85% of the sample group had Grade 12 symbols above a C-aggregate.

· Practical Abilities provide strong predictive value in subject performance of the faculties of Engineering and Economic and Management Sciences (Tables 10 & 12). This finding concurs with the characteristic of the Commerce students shown in Table 3, namely the strong presence of practical abilities. However, in the case of Engineering the standardized coefficient for Practical Abilities was negative. A characteristic of the Engineer respondents in this study is the presence of high practical abilities (Table 3 indicates the highest mean and lowest standard deviation score for Practical Abilities). A possible explanation of the negative correlation between practical abilities and performance in Engineering Mathematics 115 is that the final examinations required the application of other abilities (Table 12).
· The Arts faculty is the only faculty where Analytical and Creative Abilities appeared as variables with strong predictive value of subject performance. The average total of abilities was the variable providing strong predictive value of subject performance in the Natural Sciences and Arts (Tables 9 & 13). 

Various thinking styles come up during Phases I & II as variables with strong predictive value across all faculties, except for the Conservative and Monarchic Thinking Styles. The Executive Thinking Styles comes up as a variable with strong predictive value only during Phase II-stepwise regression analysis (in the faculties of Natural Sciences and Economic and Management Sciences). Wherever the Anarchic and External Thinking Styles appeared, as variables providing strong predictive value, their standardized coefficient are always negative. The opposite is true for the Internal, Hierarchic and Judicial Thinking Styles as the standardized coefficient appear to be always positive.
General conclusions pertaining to students following these subjects (Tables 9 - 13) vary between faculties. It is certain that Grade 12 results play an important role in predicting student performance in these subjects. In the case of the Natural Sciences, it is nearly 60% certain that students who have predominantly Executive and Liberal Thinking Styles, who passed Grade 12 with good grade point averages, and who scored high in the average total of abilities, will do well in a subject like Biology 124. In the case of Engineering Chemistry 124 it is students who scored high in the Sternberg’s Thinking Styles Inventory Test for Judicial, Oligarchic and Anarchic Thinking Styles, and who passed Grade 12 with high aggregates (R-Squared = 57%). 

The triarchic abilities and 13 thinking styles do not provide any regression information for the predictability of performance in Chemistry for medical students (see Table 11 where R-Squared = 0%). 

It is evident that Grade 12 results and Practical Abilities seem to play bigger roles in providing predictive value of performance in subjects. It is also clear that Creative Abilities did not feature strongly as a variable providing predictive value for performance in the subjects for both groups.

No clear patterns could be discerned concerning the various thinking styles as variables for providing predictive value in subjects between the two groups.

Recommendations for further research

More research will have to be done to investigate the value that biographical data may have as a variable for predicting academic performance of students. 
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