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1. Introduction. 

1. 

Since 1966 the emphasis of the C. S. I. R. Personnel Selection 

and Vocational Guidance Division's research has been on the more 

intensive study of the criteria used for the selection of C. S, I. R. 

personnel. Attention is being given to the problem of differentiating 

more effectively between the various occupational groups within the 

C. S, I. R,, particularly the scientific careers, and the demands made 

in terms of level of functioning. In this respect the nature of the 

intelligence required is being studied more intensively. 

On the basis of his experience in personnel selection, 

P.R. Skawran (38), recognized and defined some of the shortcomings 

in the selection of C. S. I. R. re search staff. Considering these 

shortcomings as a deficiency in test-theory, he developed a 

structural model of the intelligence of the scientist on the basis of 

phenomenological assumptions. From this model, new test-concepts 

were deduced which imply two basic demands: 

1. When selecting re search staff, the testing of intelligence 
should be more specifically related to the intellectual 
demands of the jobs. 

2. Selection should be specifically related to the academic 
professions and age groups tested. 

Using theoretical assumptions and considering the more 

pragmatic demands, P.R. Skawran provided a framework for the 

empirical investigation of new test concepts. 

It was decided that the first step of such an investigation should 

be the establishment of factual information concerning the intellectual 

demands of different academic jobs on different levels. As a method, 

the N. I. P.R. job analytic and evaluation approach was chosen. 

Using this method, posts of incumbents of different academic 

professions represented in the various institutes of the C. S. I. R. were 

to be analysed. 

The first group of academic professions chosen for the study 



2. 

was that of qualified librarians. Their jobs were analysed, and 

a report by P.R. Skawran (39), was published on the results of this 

analysis. The basic findings regarding the intelligence structure of 

the librarian can be summarized as follows: 

The ability to comprehend concepts clearly, where abstracting 

and analysing processes are involved, was considered as a central 

intellectual characteristic of the librarian. This characteristic 

was described as being syi:itematic and analytic in nature. To a 

lesser extent, "concretifying" intelligence could be identified. It 

was also recognized that the activities of a librarian involve 

practical, flexible, administratively-orientated and social intelligence. 

Higher levels of library work involve applied practical intelligence� 

On completion of the study on librarians, it was decided to 

analyse and evaluate posts of research officers in the National 

Institute for Mathematical Sciences in the same way as was done with 

the librarian posts. 

Using P.R. Skawran's concepts as a guide-line, the basic 

aims of this study can be formulated as follows: 

(i) To investigate the structure of intelligence of 
mathematicians and electrical engineers. 

(ii) To investigate the relationship between decision
making and the structure of intelligence. 

(iii) To investigate whether the intelligence of the 
adult differs from the intelligence of the 
younger person. 
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29 Study Approach. 

In order to obtain the necessary information on the 

intelligence of mathematicians and electrical engineers, the N. I. P.R. 

job description method was used. This job description method has 

been de scribed in the preceding report on "The Intelligence of the 

Librarian" by P.R. Skawran. Briefly it comprises a semi-structured 

interview with a job incumbent; the preparation of a written job 

description on what the incumbent does and the essence of how he does 

it; followed by a systematic analysis of his work in terms of a 

number of factors (the processes involved in his decision making 

being the key factor); and finally a comparison of the different jobs 

according to their factor content by means of a job evaluation process. 

This method of job description was applied in the same way 

during this investigation. Although it was realized during the study 

that some methodological alterations appeared to be advisable, no 

changes have actually been carried out. This was done to maintain 

the principle of "isolating variance" (Arnold), i.e., to try to keep 

constant all but one variable in a psychological experiment. 

3. Scope. 

The study was limited to the description and analysis of posts 

of research workers employed by the National Research Institute for 

Mathematical Sciences and included the fallowing departments and 

divisions: 

(i) Electrical Engineering Department: 

Divisions: 

(a) Automation. 
(b) Solid State Electronics. 
( c) Applied Electronics. 

· (d) Electronic Instrumentation. 
(e) Power Electrical Engineering. 



(ii) Mathematical Sciences Department: 

Divisions: 

(a) Mathematical Analysis. 
(b) Statistics. 
(c) Numerical Analysis. 

Job descriptions have been obtained from: 

7 Assistant Research Officers. 
8 Re search Officers. 
5 Senior Research Officers. 
3 Chief Research Officers. 
3 Senior Chief Research Officers. 
I Director. 

TOTAL: 27 Job descriptions. 

4. Progress, 

4. 

This project was started in 196 8. Due to unforeseen 

circumstances, e.g. unavailability of staff, training of new staff 

members, etc., the progress of the investigation was relatively 

slow. Further delay was caused by the fact that no clearly 

defined method could be found to transform information obtained 

from job descriptions into valid statements on the forms of 

intelligence necessary for the performance of jobs. Several 

methods were applied, ranging from descriptions of "self-perceived 

mental processes" to purely subjective evaluations of intellectual 

abilities involved in the performance of jobs. Finally a method 

was developed which appeared to satisfy the demands for objectivity, 

viz. a suitably modified job evaluation approach. 

The co-operation of all research workers interviewed was 

very good, bearing in mind the long and strenuous interview session. 



5. Methodological Aspects of the Study. 

5. I Interpretation and Classification of Factor Contents. 

5. 

Generally speaking, the information obtained concerning 

the factors "Decisions", "Controls and Checks" and "Contact 

with People" presented no interpretational difficulties and was 

valuable. A comparison of the 27 job descriptions, however, 

revealed some interpretational problems regarding the content 

of a number of factor descriptions, particularly the 

differentiation and classification of intellectual abilities and 

required aptitudes of mathematicians and engineers. In this 

respect the information obtained under the factor "Education 

and Experience" could not be interpreted meaningfully. Asking 

the question: "What was of real value in your university 

education with regard to your present job?", merely generated 

answers containing very specific details of a technical and 

mathematical nature (e.g. "Matrix Algebra", "Mathematical 

Analysis", "Electronic Circuit Design", etc.), with the result 

that no useful classification or interpretation could be made. 

Also the question: "Why are these subjects of real value to 

your present job?" merely ·elicited very specific technological 

interpretations (e.g.: "Because Matrix-Algebra is used in 

solving compound equations so that I can perform mathematical 

proofs"). The same difficulties occured when asking the 

incumbents to indicate their "knowledge gained in previous 

positions for which no provision has been made in formal 

academic training". 

The factor "Required Education and Experience" also 

presented an interpretational problem, e.g. when having to 

compare "Ph. D. in Mathematics and 4 years experience in work� 

in a computer centre" with "M. Sc. degree in Mathematics and 

6 years experience in working in a research organization". 
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Only the factor "Required Experience" with the question 

"What is the required experience necessary for the execution 

of your job?" provided meaningful information for a logical 

classification of jobs. 

The factor, "Numerical computations", usually used in 

the N. I. P.R. job analysis appr oach, was omitted in this investig

ation because mathematical and arithmetical manipulations 

and computations form an essential part of all engineering 

and mathematical jobs. The manner in which mathematical 

and numerical computations are used in the different jobs, thus 

forms part of the job description. 

5. 2 Job Evaluation. 

Based on the information obtained from the job descriptions 

and utilizing the usual N. I. P.R. job evaluation procedures, 

factor rating scales with defined scale-points were drawn up 

for each factor. This was d one for the factors "Decisions", 

"Controls and Checks", "Contact with People", "Language 

Usage" and "Experience" (see Annexure ). 5 Raters subsequently 

rated each factor of each job description independently, using 

the developed factor rating scales. (The inter-rater agreement 

was r = . 96). Each assessment of a factor was discussed in 

detail to arrive at a final "score". This procedure assisted 

in rank-ordering all jobs on each factor. in terms of the 

complexity level of the job demands for the factors. 

-On completion of this exercise the "scores" obtained 

were converted by means of a simple interpolation method. 

This was necessary since the scales used were not of equal 

length and prevented an effective c omparison and combination 

of all factor "scores". The interpolated and converted "scores" 

for all factors were then added to obtain the final overall 

ranking of a job. Having obtained an effective ordering of the 



7. 

27 jobs, this ra:rtk-ord.er was closely studied in order to 

determine a spontaneous grouping of these jobs into grades. 

This classification of jobs into job complexity grades was done 

by considering the essential similarities of jobs, i.e., in 

terms of their basic characteristics and their complexity level 

of functioning. In this process the characteristics of an 

incumbent' s decision processes provided the most effective 

answer. 

6. Job Evaluation Results. 

6. 1 Grade Classification. 

The job evaluation resulted in a classification of the 

twenty-seven jobs into six grades. 

GRADE I. 

Posts which were classified into this grade are the 

following: 

A.R.O. 
A.R.O. 
A. R. O. 
A,,R-0. 

Electrical Power Engineering. 
Solid States Electronics. 
Statistics. 
Electrical Engineering. 

Typical "beginner jobs" where incumbents are learning to 

apply basic principles and techniques (e.g. behaviour of 

circuits under different conditions, etc. ) . Incumbent applies 

logical "step by step" procedures as well as trial and error 

methods. Applies mathematical formulae, rules and 

regulations, as well as knowledge of handling apparatus (e.g. 

oscilloscope, etc.), and components (e.g. of circuits). 

Describes facts and results of own work by giving verbal and 

written reports. This requires knowledge of specific technical 
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terminology pE"rtaining primarily to his own field of work. 

Limited number of clearly defined alternatives ( e. g. to 

de sign a circuit with an open loop amplifier or a closed loop 

amplifier) where the most suitable one is selected. Decisions 

are characterized by relating demands of tasks with their well 

defined specifications for the experiments (e.g. specifications 

of electronic components 9 computer prescriptions, etc.), to 

own factual knowledge (e, g, university knowledge on basic 

electronic principles 9 etc,) and to his limited experience (e.g. 

experience on quality of components 3 etc.), Acts on clear cut 

cues regarding the correctness of a decision (e.g. failing units 

of electronic circuits lead to necessary alterations of the circuit), 

the availability of laws and principles and his limited experience 

on previous tasks. 

Detailed and regular control. Specific instruction 

concerning a task from superior. Incumbent checks on his 

own progress and quality of work 9 e.g. by noticing the 

malfunctioning of parts and immediately applying the necessary 

correction himself. 

On completion submits results to superior. Consequence 

of error practically nil. 

GRADE II. 

Posts which were classified into this grade are the 

following: 

A.R.O. 
R.O, 
R.O. 
A.R.O, 
A.R.O. 
R.O. 

Applied Electronics. 
Numerical Analysis. 
Electrical Power Engineering, 
Statistics, 
Electronic Instrumentation. 
Solid States Electronics. 

Primarily involved in performing a number of tasks 
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(e.g. for customers), where he applies techniques and methods 

(e.g. Variance Analysis) selfreliantly and is familiar with 

manipulating apparatus and the use of instruments, etc., with 

a view to the facilitation and speeding up of work. Tasks are 

analysed in a critical manner, amongst others adapting 

theoretical knowledge to practical problems. Anticipates the 

necessary steps for the implementation of tasks, as well as the 

limitations and the technical implications of different procedures. 

Interprets technical information relevant to his own work and 

writes reports (pertaining to own work) on general lines of 

action. Transforms technical language into "popular" language 

in order to communicate with lay-men. 

Alternatives less readily available and defined, some of 

them tentative for short-term trial and error solutions to a 

given problem (e.g. how to overcome d. c. shift). Decisions 

are characterized by collecting and comparing information (e.g. 

descriptions of different apparatus, etc.). Guided by logical 

deductions and analyses which are based on knowledge and 

experience in a specific field (e.g. own experimental set-up and 

calculations are used in order to find cues for decision). Is 

frequently responsible for small projects or tasks. 

More general ins tructions and irregular control by superior 

with regard to his research techniques and procedures. 

Recognizes own mistakes and the need for correction. Quality 

of work is checked by the quality of completed tasks and the 

acceptance by customers. Consequence of error usually means 

repeating the task/s and thus some loss of time. 

GRADE III. 

Posts which were classified into this grade are the 

following: 



R.O. 

R,O. 

S.R.O. 

R.0. 

R.O. 

S.R,O. 

S,R.0. 

R.0. 

S.R.O. 

Solid States Electronics. 
Statistics. 
Applied Electronics. 
Numerical Analysis. 
Electrical Engineering. 
Mathematical Analysis. 
Electrical Power Engineering, 
Automation. 
Numerical Analysis. 

10. 

Involved in re search and investigations on scientific and 

technical problems in a given field. Work may entail handling 

of administrative and organizational matters (e.g. keeping 

time-sheets for sub-ordinates, controlling their work progress, 

etc), resulting in co-ordination and organization in clearly 

defined and limited fields (e,. g. organizing a production line, 

etc.). Problem consciousness is used in order to recognize, 

circumscribe, anticipate and define shortcomings and 

difficulties in technological or mathematical re search. 

Integration of abstract and concrete principles, where abstract 

manipulations are performed. Provides original solutions and 

ideas (e.g. new method to produce quasi-stereo effects) by 

relating and combining similar methods or fields (e.g. stereo 

and echo effects) and disengaging himself from a pre-fixed 

pattern of thought. Good under standing of technical information 

(also when condensed) and recognizing the essential aspects and 

underlying principles of written and spoken matters Clear and 

concise expression in writing publications, addressing public 

meetings, etc. , and acting in a convincing manner by logical 

presentation of technical facts. 

Decisions are characterized by the accumulation and 

evaluation of information, reducing it to its fundamental 

characteristics and the application of newly gained in sight to 

unfamiliar problems in a given field. Alternatives are evaluated 

in terms of the wider applicability of their underlying principles, 
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They a r e  al s o  de v e l op e d  i n  the form of o riginal new s oluti on s 

(e . g . c ompletely ne w c i r c uit de sign,  et c , ) .  Guide d by cue s 

obtained f r om analy si s of alte rnative s ol uti on s ,  s y st em s , 

app r oa che s and the r e c ogniti on of the i r  int e r r e lati on s and 

i mpli cati on s ,  pa rti cularly r e g a rding the time and c o st of a 

p r oj e ct .  Re sponsibility for own p r oj e ct and / o r  r e s p on s ibility 

for p r oj e ct s  of s ub o r dinat e s ,  r e qui ring c on side ration of 

c on s e quen c e  of e r r o r . 

C ,  nt r ol s  p rimar ily in form of app r oval for own p r oj e ct s  

by di s cu s s ing the m with s upe r i o r  and spe ciali st s .  Quality of 

work i s  ch e cke d mainly indi r e ctly by budget and time 

expenditure , final r e p o rt s ,  app r e c iat i on of c u s t om e r s and the 

a c c e ptan c e  of re  s e a r ch re sult s for publi c at i on . Mi stake s may 

have ne gative eff e ct s  on image of D ivi si on or In stitut e . 

GRADE IV . 

P o st s  whi c h  we r e  cla s s ifi e d  int o thi s g rade a r e  the 

f oll owing : 

C . R . 0 .  
S . R . O .  
S .  C , R . O .  
S .  C . R . 0 .  

Appli e d  Ele ct r oni c s .  
Stat i sti c s .  
Ele ctri c al Enginee ring . 
S olid State Ele ct r oni c s .  

P rima rily c onc e rned with sp on s o r ing and initiatin g 

re s e a r ch p r oj e ct s  a s  a " p r ofe s s i onal a uthority" within a fi eld 

c ove r e d  by the D ivi s i on ( e . g . " El e ct r oni c Inst rumentat i on " ,  

"Stati sti c s " ,  et c . ) .  G r e at e r involvement in o rgani z ati onal 

and admini st rative ta s k s  of the divi s i on whe r e  c o - o rdinat i on and 

int e g ration of g e ne ral aim s of r e  s e a r ch ( e . g . devel oping of 

int e g rat e d  c i r cuit s ,  et c . ) with the st r at e gy of the instit ut e , 

take s pla c e . Re ady c on c e ptualization of e s s e ntial a sp e ct s  

r e ga rding te chni c al and g ene r al info r mation .  Ve rbal fluency 

and int e rpe r s onal skill s b e c oming m o r e  p r ominent ,  p a rti c ul a rl y  
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with regard to the skill s involved in pre s enting techni cal 

argument s .  

Variety of alternative s , the con s equenc e s  of whi ch are 

simulated . Alternate solution s have to be devi sed and 

evaluated on the ba s i s of background knowledge. Dec i sion s 

are characteri zed by anti cipation of e specially tho se problem s 

pertaining to the divi s ion and in stitute . 

Controlled by formal approval for a number of proj ects  

initiated by incumbent . Re spon s ibility for the direction , co

ordination and completion of  proj e c t s  within the divi s ion lie s 

with incumbent , Quality of work i s  checked by the general 

su c ce s s of re sear ch work of divi s ion and / or s c ientifi c approval 

of publi cation s .  Mi stake s i nfluen ce the effi c iency and progre s s  

of work of the divi s ion and may have negative effect s on the 

in stitute and the C .  S .  I .  R. (e ,  g ,  poor image of the in stitute) . 

GRADE V .  

Po s t s  which were c la s s ified into thi s grade are the 

following : 

C . R . 0 .  Electronic I n strumentation . 
C . R .  0 .  Electri cal Power Engineering . 
S . C" R .  0 .  Numeri cal Analy s is .  

A s  Head of Divi s ion, i nvolved i n  activitie s out s ide the 

Divi s ion , the In stitute or the C. S ,  I .  R. , where he render s 

service s 1 not only in an advi sory capac ity but partic ipate s 

actively i n  outlining and initiating new development s pertaining 

to a specific field of re search (e . g .  developing new form s of 

computer servi c e s , educational sy stem s ,  etc . ). Con s ider s 

and anti c ipate s trend s and development s from different field s 

(e . g . ec or:..omi c s ,  indu stry, etc , ), including con s ideration s 

regarding hypothet i cal future s ituation s and how thi s might 

affect the Divi sion ' s field of re search (e . g .  industrial demand s 
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with regard t o  computer industry, etc O ) . 

Comprehensively applies his technical and social 

experience in negotiations in order to convince and persuade 

senior research workers, colleagues and representatives of 

fields other than his own (e . g .  industry, economics, etc . ) .  

Variety of alternatives pertai ning to his own re search 

field have to be e,valuated in relation to  other fields . Decisions 

are characterized by anticipation and l ong-term planning of 

re search efforts and their practical implementation, 

incorporating such management aspects as the utilization of 

pers onnel, economics and budgeting, deciding on priorities � co 

ordination of research, etc . . In this respect he also operates 

outside the context of his Division, involving e. g .  the Institute . 

Controlled by formal approval for new developmfmts he 

initiated and recommended . They are evaluated by specialists
9 

experts and committees . Quality of work is controlled in the 

form of criticism on the merits of his reports, publi cations and 

contributions . Mistakes may have negative effects on the 

C .  S .  I. R .  as a whole (e . g. creating the image of inc ompetence  

of scientists employed at the C. S .  I. R . , and consequently the 

l oss of contacts and future sponsors, etc . ) c 

GRADE VI. 

Posts which were classified into this grade are 

the fall owing : 

Director of Institute . 

Activities in - and outside the Institute and the C .  S .  ''. . J, . 

require the perception of international 1 n:=i,t i orral and h,du s � :ri a l  

research pr oblems and needs and subsequently the stimulation,  

initiation and conceptualizing of new appr oaches� devel opme".lts 

and innovations with a view to the solving of auch p r ob: erL s  ,:.i nd 

providing a national research service in the fi :::ld s c ov6 r F d  
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by the Institute . Attainment of his 1 ong -term objectives 

demand insight into and anticipation of complex hypothetical 
situations in a variety of fields (e. g. economics, science� 

industry, etc . ) ,  and the need to view matters in perspective 

and to integrate different interacting factors and problems 

against a comprehensive information background . Ensures 
implementation of his plans by organizing, co -ordinating and 

reconciling different and sometimes conflicting aspects, as 

they affect the Institute both from within the C . S . L R. and from 

without , In this process he applies management principles 

extensively, e . g .  with regard to personnel material and money 9 

the administration and control of the Institute ' s activiti es, the 

broad C. S. I .  R. policy implications , etc . .  

Reacts to subtle points and "undercurrents 1 1  (e . g . by 

"reading between the lines" , listening to discussions , e tc . ) 9 in 

analysing information . While negotiating, he determints the, 

strategy of others and adapts his own approach accordingly. 

This frequently involves an indirect approach, and long-term 

and subtle manipulation of people to achieve the ultimaxe purpose 
of the Institute, thus creating a positive image of the Institute 9 · 

etc . .  
Variety of different and interrelated alternatives 9 few of 

them p redetermined, little or no precedence, consisting 
primarily of complex and interrelated systems and basi c 
approaches . Decisions are characterized by the rE adine.ss t o  

take responsibility for far � reaching consequences and for the 
correctness of hypothetical future situations, serving a s  a guide 

for his decisions. 

Although formal control is exercised by scientifi c bodie s 
• and advisory committees, initiative for new developme ats 

eminate primarily from the incumbent him s elf . Quality of 

work is subject to scientific and industrial approval . Mistak,2 s  

may induce  errone ous developmen :.- e  in. s ciF. �·- t: .C .:: ,.·.d �-r:d s . .  :c �  - � 

fields. 



6 .  2 Categories of Intelle ctual Characte ristics , 

1 5 .  

T he utilization of the job description and job e valuation 

method was int ended to provide factual and basic information 

and to ensure a systematic and obj ective approach . B eing 

independe nt from the the orEtical concepts on the intelligence 

structure  of sdentists and aimed primarily at describing the 

activities of re  sear ch work e rs,  i t  was inevitable that the 

information gi-ven ;  e . g .  as defined in the various job evaluation 

grades , still tends to be task �anchored and does not lend itself 

to a direct and spe c ific identifi cation of intelle ctual 

characte ristics.  Neve rtheless,  the procedures used did 

constitute a first pha s e  :i n  attempting to reduce the highly 

technical content of rese a r ch activiUes into more manageable . 

and fundamental terms. 
T he results so far, therefor e ,  do still contain a relatively 

large proportion of functionally d£sc riptive terms which lend 

the mselves to distort ed and subj e ctive interpr etation, e . g .  in 

terms of "social perception " p rocesses. B efore attempting 

to interpr et the results and to relate them to intellige nce 
structure  con cepts , it was necessary to subj ect the job 

evaluation grade definition contents to a form of content 
analysis with th e following obj e ctives : 

( l) To identify intellectual qualities , 

( 2) To define the identified intellectual qualiti es .  

( 3) To p rovide a typi cal example of an activity 
re quiring the specific intellectual quality .  

(4) To group the identified qualities in a 
progr�ssively more demanding order, i . e .  
in te rms of diffe rentiating categories of 
intelle ctual characte ristics . 

In this manner the j ob evaluation content was reduced 

to the following thre e categories of intellectual characteristics : 



1 .  

2. 

3 .  

4. 

1 6 .  

CATEGORY I .  

Problem Analysis . 

Definition: 

Illustration: 

Ability to resolve criti cally 1 conc rete 

and abstract information into its constituent 
elements. 

Analysing the results and methods used to 
compile information on the influence  of 

fungi cides on wood . 

Concept Selection. 

Definition: 

Illustration : 

Ability to understand theoretical concepts 

and to select an appropriate one for 

appli cation . 

Selecting the right mathemati cal formula e 

for the statisti cal analysis of a given problem . 

Logi c Manipulations. 

Definition: Ability to maintain aim �di rected 9 ' 'step by 

step" procedures in handling conc r ete  and 
abstract material according to fixf" d la ws 

and rules. 

Illustration : Building up ele ctroni c c ircuits a c cording 
to laws of physi cs r and solving 

mathemati cal equations a c cording to 

computation rules " 

Logi c Prescience : 

Definition : Ability to fore see action= an d rea ctions 

abstract or concrete scherne . 
r:_ 

Illustration: Foreseeing variou s reactions of a com.put<F; r �  

when a particular action i s  ta.ken.  
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I 7 .  

Fault sensitivity. 

Definition: Ability to respond readily 9 
with appropriate 

actions, to conditions deviating from fixed 

rules and regulations. 

Illustration : Immediately recognizing when behaviour of 

a circuit deviates from expected behaviour . 

6 .  Verbalize Tec hnical Procedures. 

1. 

2 .  

Definition: 

Illustration : 

Ability to explain and describe concrete and 

abstract proc edures in an intelligible way. 

Reporting in a written and spoken manner on 

how a circuit was built up. 

T his category includes the job evaluation Grades 1 and IL 

CAT EGORY II . 

Problem Sensitivity. 

Definition: 

Illu stration : 

Ability to recognize 1 circumscribe and 

define problems involved in a proj e ct .  

R e cognizing that reduc ing of value s t o  two 

points is basically an "initial value proble-m ". 

Concept Analysis . 

Definition: 

Illustration : 

Ability to reduce con c e pts to their 

fundamental characteristi cs, re cognizin g 

their interrelations and impli cations . 

T o  redu ce the mathematical definition of r P d  

blood cells t o  an analytic c alculation of 

properties of a model of a celL 
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4. 

5 .  

1 8. 

Creative (productive) Imagination. 

Definition : Ability to dise ngage oneself from a pre 

fixe d patt ern of thoughts and combine 

diffe r e nt methods � thus originating new 

soluti ons. 

Illust ration : Disengaging from the obvious solution of 

i mproving the me chanical funct ions of a 

graph rE ader by r elating the construction 

problem to pot ential  lines in earth measurem 

ent1 obtaining
9 

therefore
9 

an original and 

new solution of constructing a graph reader 

wh : r:h works with equipotential lines.  

Logi c Anti cipation . 

Definition : Abili t y  to imagine and conceive a vari ety of 

argume nts � a ctions and reactions � so that 

they a r e  in a c c ordanc e  with a particular 

sche me . 

Illust ration : Antic ipating and exhausting all possibilities 

of calculations for a syste m  of 1 5 0  modules 

of a comput er . 

V erbal Pre ci s ion . 

Definition : Ability to express oneself verbally and in 

writt e n  manner to present information in a 

structured and concise form , 

Illustration : Distinguishing betwe en the important 

(relevant) and the unimportant (irrelevant) 

and structuring (grouping) the information 

cont e nt under suitable headings . 

T his cat egory includes the job e valuation Grade III . 
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CATEGORY III. 

Problem Integrati on .  

Definition: 

Illustration :  

Ability to combine a variety of different 

pr oblems in such a way that they can be 

solved by the co - ordinati on of various 

activities. 

Organizing the tasks and projects of a 

division and/ or institute in an effective and 

efficient manner . 

2. Conjectural Anticipation. 

Definition : Ability to conceive and simulate hypothetical 

and complex future situations and to 

anticipate variables which could have an 

effect on these. 

Illustration : To plan a computer service for South Africa o 

3. Fluent Verbalization . 

4. 

Definiti on :  

Illustrati on : 

Ability to communicate ideas and thoughts 
immediately, formulated in a concise and 

clear manner . 

To contribute quickly, constructively and 
concisely during discussi ons. 

Judgemental Confidence . 
Def inition : Ability to  make decisions, the c orrectness 

of which cannot be determined readily . 

Such decisions are based partially on the 

personal convicti on of acting in the right 

manner . 



7 .  Discussion. 

Illustration: 

20 . 

Deciding on specific education system 

for technicians . 

4 .  Application of S ocial Techniques. 

Definition : Ability go guide, lead and motivate 

sub-ordinates in an indirect manner 

and to act convincingly towards peers 

and superiors . 

Illustration : Giving a subordinate literature studies 

on a subject not closely related to his 

actual field of work, so that he takes an 

interest in a new subject which is_ liable 

to give a good application in future . 

This category includes the job evaluation Grades IV , 

V, VI. 

The initial discussion of the results of the study involves, primarily , 

comparisons of the categories of intellectual characteristics with 

P. R. Skawran' s theoretical assumptions . The results are then compared 

with other intelligence concepts relevant to the findings of the investigation . 

7 .  1 . Comparison of the Results with Theoretical Assumptions. 

(i) With regard to the structure of intelligence Skawran 

distinguished between "analytical and synthetical intelligence , 

practical -technical and the oretical, abstract and concrete 

intelligence" (3 8, P .  6 7) .  - S ome of the intellectual 

characteristics described in the categories can be 

interpreted as analytic "intellectual qualities" (e . g. 

"Problem analysis", "Concept selection") and others as 

"synthe-siz"irig" mental activities (e . g .  "Productive 
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imagination", " Problem integration ") or as " Practical 

Intelligence 1 1 •  

Due to the limitations of this study, a clear 

identification of the relation ships existing between the 

theoretical assumptions of practical -technical and 

theoretical, abstract and concrete intelligence, and the 

intellectual demands necessary for the performance of 

jobs of electrical engineers and mathematicians was not 

possible. If the job descriptions were interpreted in 

terms of the "forms of intelligence ' \  it would be apparent 

that most of the latter can be found on the different job 

levels . However, these qualities, e . g .  abstract or 

concrete intelligence seem to be so global, that they occur 

in practically every action or form of behaviour that can 

be classified as "intelligent" .  For instance the use of 

language can also be considered as a process of abstraction 

where one is involved in "separating mentally or in words 

a quality or aspect of a thing from its concomitants . "  

(English and English ( 1 1, P . 3) ) . However, it seems 

logical to presume that the processes of abstraction 

involved in language usage are simpler or less complex 

than those which are necessary for the performance of 

intri cate mathemati cal analy s i s .  However ,  statement s 

pertaining to a quantitative differentiation such as "lower 

and higher " or "more and less" can only be proved by 

purely quantitative methods , In this respect a procedure 

which utilizes a basically qualitative approach as was done 

in this study, is inadequate in providing valid results of a 

quantitative nature . 

(ii) P . R .  Skawran distinguishes between three different 

types of intelligence of the scientist, necessary for the 
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p e rfo rmanc e  of j ob s  on diffe r e nt leve l s  ( 3 8 ,  P . 1 04 ,  Fig . 1 7 ) .  

Simi la rly,  in thi s study , 3 c at e g orie s of int e ll e ctual 

qualitie s n e c e s s a ry for the p e rf o rman c e  of j ob s  of 

diffe rent c omplexity c ould be identifi e d .  C ompa r ing 

the s e  thr e e  cat e g ori e s with P . R .  Skawran ' s 3 type s of 

intelli g e nc e ,  it i s  app a r ent that the r e  a r e  c on s ide r able 

diffe renc e s  with regard to the g r ouping of p o st s o  In 

Skawr an ' s c la s s ifi c at i on,  A s si stant Re s e a r ch Offi c e r s 9 

R e s e a rch Offi c e r s  and Seni o r  Re s e a r ch Offi c e r s  we r e  

g r ouped t og ethe r unde r one type of int e llig e n c e  

ne c e s sa ry for t h e  p e rf orman c e  o f  the j ob s  o n  the s e  leve l s . 

T he fi r st c ate g or y  in thi s study , h owev e r ,  e mb ra c e s p o st s  

p rima rily on the A s s i stant R e s e a r ch Offi c e r - l evel and 

s ome on the Re s ea r ch Offi c e r - le v e l ,  indi cating 

intelle ctual  qualiti e s  which a r e  ne c e s s a ry f o r  the 

pe rfo rman c e  of j ob s  on the " b e g inne r - level " . 

P . R .  Skawr an ' s next l ev e l  of intelligenc e in clude s 

Chi ef Re s e a r ch Offi c e r s  a nd Seni o r  Chief Re s e a r ch 

Offi c e r s ,  whe r e a s our s e c ond cate g o ry include s p o s t s  on 

t he Re s ea r ch Offi c e r  and Seni o r  R e s ea r ch Offi c e r - level ,  

indicating the int e ll e ctual qualitie s ne c e s s a ry f o r  the 

pe rfo rman ce of a typical  r e s e a r ch worke r or innovat or ' s  

j ob .  

P . R .  Skawran ' s highe st g rade include s the p o st s  on 

the Dire ct o r ,  Vi ce - P r e sident and P r e s ident - le v e l ,  whe r e 

a s  thi s study ' s thi rd categ or y  include s p o st s  on the 

S e ni or R e s e a r ch Offi c e r ,  Chi ef Re s e a r ch Offi c e r ,  S eni or 

C hief  Re s e a r ch Offi c e r  and D ir e ct o r  of In stitut e - level . 

B e c a u s e  of the limitat i on s  of thi s study, it cann ot b e  

dete r mined i n  h ow far the p o st s  o n  the V i c e - P r e s ident o r  

P re sident - l evel  w ould fall int o thi s cat e g o r y ,  o r  whethe r 

othe r int e ll e ctual qualitie s w ould have b e en ide ntifi e d .  
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(iii) It is essential that a scientist should have the ability to 

make intelligent decisions (38, P. 12 & P. 134) . In 

order to examine the question of how decisions are related 

to the work of mathematicians and engineers, one has to 

refer back to the job evaluation grades and also consider 

the categories of intellectual characteristics. From the 

grade s, it can be deduced that decisions imply pure 

cognitive qualities and a s  "concept selection", "logic 

pre science and anticipation", "productive imagination" 

and "problem integration" . In fact we find that nearly 

all intellectual qualities, as described in the categories, 

can be deduced from the kind of decisions which are made 

on the different job levels. On the other hand, one finds 

that in the higher grades (indicating higher levels of job 

complexity), the act of deciding requires specific qualities 

which can be attributed to volitional and/ or emotional 

factors. This finding is also represented in the 

interpretation of the job evaluation grades where it was 

found that "judgemental confidence" (the ability to make 

decisions, the correctness of which cannot be clearly 

determined, so that they are based on personal conviction 

to act in the right manner ) is a central characteristic of 

the posts covered by the third category of intellectual 

characteristics. 

These results are in close conformity with P. R .  

Skawran ' s  theoretical assumption that "the ability to 

decide intelligently" is based on "emotional and volitional 

factors, which have a close structural relation to the 

intelligence" . . .  and thus support his demand to use tests 

for selection purposes "which do not aim at the intelligent 

solution of questions tied to tasks, but . . . which prove 

the ability to make intelligent decisions". (38, P . 134) , 
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(iv) "The intelligence of the human being undergoes a vital 

structural change during his course of ageing as revealed 

in the concepts skill, prudence, and wisdom " ( 3 8 ,  P ,  9) . 

Since the t hree categories of intellectual qualities derived 

from this study cannot be interpreted in terms of the 

abovementioned concepts ( "skill",  "prudence " and 

"wisdom") , the results of the study cannot be used to 

support the above statement. -Considering the average 

ages of incumbents covered by the three classes, distinct 

age differences exist. (Average age of incumbents grouped 

into Category I =  24. 5 years ; Category II = 29 . 3 years ; 

Category III = 44. 2 years). 
• 

However, one cannot deduce 

fr om these findings that highe r intellectual qualities are 

developed on the different age levels as a function of the 

job and environment . According to Ertel ( 1 4) ,  such a 

deduction could be considered as a rather "uneconomic 

organic principle " which contradicts one of the basic laws 

of psychology, viz. " not to refer to higher psychic functions 

if lower ones are sufficient to explain psychic phenomena" .  

(Morgan ' s  canon). 

Consequently one can only state that the intellectual 

demands of jobs executed by older people are different 

from the intellectual demands of jobs executed by younger 

incumbents . At what stage these different intellectual 

abilities, which enable an incumbent to cope with the 

demands of a job, are developed cannot be established 

merely by using the job analysis method . Possibly the 

abilities necessary for the execution of an older person' s  

job (e . g . jobs on a director ' s  level, etc. ) ,  exist as 

"recessive " potentialities in younger age -groups, but can

not be identified because the execution of the jobs of this 

group do not require these abilities or intellectual qualities . 
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However,  P. R .  Skawran is c or rect in underlining the 

fact that the functions of the adult (within our society ) 

cannot be taken over by younger persons, even though 

the "decline of intelligence of the adult" (as indicated by 

present intelligence tests) implies that they can ( 3 8, P. 3 - 9). 

As indicated in the job evaluation grades and the scale 

definitions of this study, higher posts occupied by older 

persons can only be filled on the basis of wide experience 

and knowledge accumulated during the course of a career. 

This finding is also confirmed by Bttumler (4) who states 

that specifically in (higher)  academic pr ofessions, 

scientific a chievements depend to a large extent on the 

magnitude of knowledge and experience . 

The above findings can be summarized briefly as 

follows : 

(i) Due to the limitations of this study, the structure 

of intelligence as perceived by P. R. Skawran 

could not be clearly identified, although some 

similarities between his concepts and the 

results of the study have been found. 

(ii) The classification of jobs acco rding to 

P . R. Skawran '  s types of intelligence, differs 

f r om the classification of jobs revealed by this 

study . 

(iii) The study str ongly supports P. R. Skawran ' s 

theoretical assumption that the ability "to make 

intelligent decisions" is essential for  the 

scientist. It has also been shown that the 

process of deciding is closely related to cognitive 

as well as emotional and volitional processes . 
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(iv) P. R .  Skawran' s intelligence concepts of 

"skill", "prudence" and "wisdom" could not 

be proved or disproved by our study. 

7. 2. The Results and their Relation to other t.ntelligence Concepts. 

A comparison of the results of this study with other 

approaches towards intelligence seems to be useful in order to 

establish the extent to which our findings differentiate 

sufficiently between intellectual qualities and/ or can be 

explained in terms of other intelligence concepts , A 

comparison of descriptions of intellectual abilities with those of 

other intelligence theories also seems to be useful in so far as 

it could possibly give indications for other more structurized 

investigations into the relationship between work performance 

and the testing of intellectual abilities. 

7 .  2. 1. Comparison with Guilford' s application of an intelligence 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - -

model to creative scientists . 

Guilford' s application of his structural intelligence 

model to creative scientists (1963) is very useful for 

this purpose because it appears to be closely related to 

this study . In order to educe how scientists (e . g .  

physical scientists, engineering psychologists, engineers, 

system engineers) evaluate the relative importance of 

some of the factors for successful work performance, 

Guilford asked them to rate the factors according to 

their importance in this respect . Twenty -eight factors 

were selected for the rating. In defining these factors, 

Guilford used a similar approach as was used in this 

study for the definition of job requirements and for the 

defining of the intellectual characteristics categorie e .  
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This facilitated the comparison between the description 

of Guilford ' s factors and the intellectual qualities 

deduced from this study . Guilford ' s factor definitions , 

as he relates them to the work success of scientists, 

read as f allows: 

TABLE I .  

(Reproduced from Guilford : Intellectual Resources 
and their Values as seen by Scientists, (25, pp . 1 1 5-1 17) . 

The code designations, definitions, and examples of 

activities for the 28 factors rated by the scientists " 

I .  C MU - To have a good vocabulary or knowledge of 
meaning of words. 
Example: Reading a book without the aid of 

a dictionary . 

2 .  CFC - To recognize the class to which a perceived 
object belongs. 
Example: Cla ssifying a piece of ore. 

3 .  CFR - To discover the relationships between 
perceived (sensed) objects . 
Example: To notice that one object is more 

pointed, smaller, heavier, or 
more complex than another. 

4. CMR - To discover relationships between thoughts or 
ideas. 
Example : Seeing connections between 

socialism and a dictatorship .  

5 . CFS - To perceive the spatial pattern of objects . 
Example: Telling time from a watch seen in 

an inverted position . 

6 .  CSS - To discover the complex relationship that 
exists in a pattern or system of symbols. 
Example: Deciphering a code . 

7.  CMS - To comprehend the nature of the basic 
relationships inherent in a problem preparatory 
to solving it. 
Example: Recognizing that sales may be 

increased by reducing the price of 
an object but that maintaining 
profits also requires reducing the 
unit production cost. 
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8 . .  CFT - To visualize what a perceived (sensed) 
pattern would look like if rearranged. 
Example: Visualizing - without aid of drawings 
what an instrument panel would look like if 
the dials were rearranged . 

9 .  CMT - To see be:yond the immediate and the obvious. 
Example: Recognizing that modifying the 

airplane itself may be a better 
solution to the problem of landing 
high - speed jets than lengthening 
the runways . 

10. CFI - To explore visually several possible courses 
of action, preparatory to selecting the most 
effective . 
Example: Seeing ahead several moves in 

checkers or chess. 

1 1. CMI - To anticipate the needs or the consequences 
of a given situation. 
Example: An administrator considering a 

proposed change in payroll form in 
terms of probable consequences . 

12. MMU - To reproduce previously presented ideas . 
Example: To be able to recall what other 

workers have done in the solution 
of similar problems . 

1 3. DMU - To produce many ideas where free expression 
is encouraged and where quality of ideas is 
not important. 
Example: Producing as many ideas as possible 

for the improvement of a product 
or new uses of it. 

14. DMC- To produce a diversity of ideas in a relatively 
unrestricted situation . 
Example: Keeping out of ruts by jumping 

readily from one train of thought 
to another in thinking of new uses 
for some device or product. 

15. DMR- To produce words from a restricted area of 
meaning. 
Example: To suggest several words as 

synonyms for "intelligent " ,  such 
as " smart " ,  " bright " .  

1 6 .  DFT- To abandon conventional problem -solving 
methods that have become unworkable and to 
think of original solutions. 
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Example: Putting the eye in the point of the 
needle to  make the invention of a 
sewing machine pas sible . 

1 7 .  DMT - To produce clever or uncommon responses 
to  specific situations . 
Example : Writing "It ' s  time to retire" as a 

caption for a picture of a sleepy 
child standing near a w orn - out tire. 

1 8 . DMI- To specify the details that will contribute to  
the development of a general idea . 
Example: To suggest the specific step-s that 

should be taken to set up a 
successful conference on creativity . 

1 9  .. NSR - To suggest a symbol (such as a letter or 
number) that will satisfy a given relationship. 
Example: Stating the smallest odd number 

that is also a perfect square. 

209 NMR - To produce a response to fit a stated or 
implied relationship of ideas. 
Example : Suggesting a substance that will 

adhere to another, will be tougher 
than another, will repel another, 
etc . .  

2 1 . NMS - To arrange events or steps into an optimal 
sequence . 
Example : Arranging in the proper sequence 

appropriate suggested steps 
relative to the ending of a labor 
dispute. 

2 2 .  NFT - T o  give up one perceived organization of a 
visual pattern in order to  see another . 
Example: Seeing a wallpaper pattern first 

as one grouping of lines and then 
as an other . 

2 3 . NST - To recognize that the elements of a structure 
can be reorganized in such a way that they 
will have new functions. 
Example : Seeing that an algebraic expression, 

having been factored in one way, 
may be factored in another way if 
the terms are rearranged . 

2 4 .  NMT - To shift the functions of an object, or part of 
an object, and to use it in a new way . 
Example: Putting a cake of Dry Ice under a 

very heavy machine so that it sinks 
into place as the ice evaporates. 
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25. EFU - To recognize which member of a group of 
objects is identical to a given object in terms 
of appearance .  
Example: Selecting from a handful of sc rews 

one needed to replace a defective 
one. 

26. ESR- To manipulate symbols ac cording to rules. 
Example: To solve routine algebraic problems. 

27 . EMR- To use logical relationships in testing the 
cor rectness of a solution. 
Example: Deciding that not all loans are 

profitable, even though some 
investments are profitable and all 
loans can be considered investments . 

28 . EMI- To recognize problems that may present 
themselves, 
Example: Seeing that a gear is not functioning 

perfectly. 

Comparing Guilford ' s factors with the intellectual 

qualities as defined in this study, suggests the following 

similarities : 

TABLE II . 

Guilford' s Factors .  Inter:ereted in terms of : 

4 .  Education of C.Cmcept analysis .  
conceptual relations, 

6 .  Education of Concept analysis. 
symbolic patterns 

7. General reasoning Concept analysis. 

9 .  Penetration Logic anticipation. 

I 0 .  Perceptual fore sight Logic pre science.  

1 1 .  Conceptual foresight Conjectural anti cipation. 

13 . Ideational fluency Creative (productive) 
imagination. 

14. Spontaneous flexibility Creative (produ ctive) 
imagination. 
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1 6 . Figural adaptive Creative (productive) 
flexibility imagination. 

1 7. Originality Creative (productive) 
imagination. 

2 1 .  Ordering Problem integration. 

26 . Symbol manipulation Logic manipulation . 

27. Sensitivity of problems Problem sensitivity . 

Close conformity between Guilford' s factor 

definitions and the intellectual analysis exists only in two 

cases, viz .  between Factor 26 , "Symbol Manipulations" 

and what was defined in the categories as "Logic 

Manipulations" and between Factor 27, "Sensitivity of 

Problems" and "Problem Sensitivity". "Logic 

Manipulations" is, however, not only related to the 

"Manipulation of Symbols" but is also related to the 

"handling of abstract and concrete material" . 

Similarly, "Problem Sensitivity" circumscribes a larger 

problem area and is not only restricted to "problems that 

may present themselves", but includes "the ability to 

recognize, circumscribe and define problems involved 

in a project. 1 1  

Further similarities exist with regard to the concept 

of "Anticipation". Guilford, in effect, distinguished 

three forms of anticipation, viz ., Factor 9, "Penetration", 

Factor 10, "Perceptual Foresight" and Factor 1 1 , 

"Conceptual Foresight". Three similar kinds of 

anticipation have also been identified in the categories: 

"Logic Prescience", "Logic Anticipation" and 

"Conjectural Anticipation". Nevertheless, there are 

some differences: "Perceptual Foresight" (Factor 10), 

is limited to "the visual exploration of possible courses 
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of action", while "Logic Prescience" includes foresight 

of "acti ons and reacti ons s o  that they are in accordance 

with a particular scheme". 

Greater differences exist between Guilford ' s 

Factor 9 .  "Penetrati on" and "Logic Anticipation". 

While Guilford defines "Penetrati on" fairly generally 

"as seeing beyond the immediate and obvi ou s", this 

study ' s  definiti on, i . e .  "the ability to imagine and 

conceive a variety of arguments, actions and reacti ons" 

is more specific . Guilford ' s "penetrati on" could 

possibly also be interpreted in terms of "Conjectural 

Anticipati on" . Factor 1 1 , "Conceptual F ore sight", is 

also related to this form of anticipati on . The difference 

between them is that Guilford ' s factor delineates the 

"Anticipation of the needs or consequences of a given 

situati on", while "Conjectural Anticipati on" defines 

the simulati on of a hypothetical situation . 

Guilford ' s  factors 4, 6 and 7 (Educti on of 

Conceptual Relati ons, Educti on of Symbolic Pattern and 

General Reasoning) could be interpreted only in terms of 

one of the intellectual qualities, viz . "Concept Analysis". 

This is due to the fact that Guilford differentiated more 

clearly between "discovering relati onships between 

thoughts and ideas" (Factor 4), "discovering complex 

relationships that exist in a pattern of symbols" (Factor 

6 )  and "comprehending the nature of basic relati onships 

inherent in a pr oblem" (Factor 7 ), while this study 

revealed more general definitions, viz . "reducing 

concepts to their fundamental characteristics, 

recognizing their interrelations and implicati ons. " 

The concept of "Creative (Productive) Imagination" 

is also rather general in comparison to Guilford ' s 

factors. He distinguishes between four forms of 
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producing or originating ideas and solutions: 

"Ideational Fluency" (to produce many ideas) , 

"Spontaneous flexibility" (to produce a diversity of 

ideas) , "Figural Adaptive Flexibility" (to abandon 

conventional problem solving methods and think of 

original solutions) and "Originality" (to produce clever 

or original responses or solutions) " 

Although certain differences exist between 

Guilford' s Factor definitions and this study' s definitions 

of the intellectual characteristics of engineers and 

mathematicians 1 the factors and the intellectual 

qualities which have been related to each other seem 

to have a common denominator . E . g . th� 

intellectual quality "Produc tive Imagination" has the 

concept of describing processes involved in originating 

new ideas and solutions in common with Guilford' s 

Factors, 13, 14, 1 5, 16, 17 . Thus, when examining 

the scientists I ratings of the importance of Guilford' s 

factors to work success (which can be interpreted in 

terms of intellectual qualities) , it appears that the 

findings from this study have a number of features in 

common , 

The reproduced table (III) of Guilford shows the 

means of ratings of importance of Guilford ' s Factors 

to the creative scientists and rank orders of a 

Research Group and of a Non -research Group. T he 

underlined factors are those which correspond to the 

intellectual qualities revealed by this study . 
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(Reproduced from Guilford : Intellectual Resources and their 
Values as seen by Scientists , (25, P. 111) . 

34 . 

Means of Ratings of Importance of Factors to the Creative Scientist 
and Rank Orders of the Research Group and of a Non-research Group. 

Rank Rank 
Code Common Factor Name Mean (research) (non -

research) 

DFT Figural ada:etive flexibility 6. 4 1 2 
CMT Penetration 6. 3 2 1 
CMS General reasoning 6 .  1 3 4 
NST Symbolic redefinition 5 . 6  4 8 

NMT Semantic redefinition 5 . 5 5 5 
CFI Perce:etual fore sight 5 . 0 6 7 
NFT Figural redefinition 4. 8 7 9 

EMI Sensitivity of :eroblems 4 . 7 8 11 

CMR Eduction of conce:etual relations 4. 7 9 14 
EMR Logical evaluation 4. 5 10 16 
CMI Conce:etual fore sight 4. 5 12 12 
css Eduction of symbolic Eatterns 4. 5  12 1 7  

CFT Visualization 4. 5 12 10 
NMR Eduction of conceptual correlates 4. 3 1 4 o 5 13 
DMC S:eontaneous flexibility 4. 3 14. 5 3 
NMS Ordering 4. 0 16 20 

DMI Elaboration 3 . 9 17 19 
DMT Originality 3 . 7 18  15 
DMU Ideational fluency 3, 6 19 6 

CFR Eduction of figural relations 3 . 5 20 18 
MMU Memory for ideas 3 . 3 21 23 
CFS Spatial orientation 3. 1 22 2 1  
CFC Figural classification 2 . 9 23 24 
NSR Eduction of symbolic correlates 2 . 7 24 27 
CMU Verbal comprehension 2 . 7 25 2 5  

ESR Symbol mani:eulation 2 . 5 26 28 
DMR Associational fluency 2. I 27 n. 

EFU Figural identification 2. 0 28 26 
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T he only fa ct o r  s imila r  t o  an intelle ctual 

quality ,  which wa s rat e d  ve ry l ow ,  wa s "Symb ol 

manipulation" (= " L ogi c manipulati on s " ) . The 

fa ct o r s " O riginality " and "Ideati onal Fluen c y "  

al s o  have ve r y  low rat ing s . Guilford explain s 

thi s  fa ct by stating that the definition s ,  e sp e c ial! y 

tho se of the ab ove fact or s ,  a re rathe r bia s e d  and, 

the r e f o re , su s c eptibl e to wr ong int e rp r etat i on s .  

T he rate d  p o s iti on s of all othe r  fa ct or s 

c o r r e sp onding t o  the intelle ctual cha r a ct e ri sti c s  

a r e  fai rly high, indi cating that the y a r e  relatively 

imp o rtant for the w ork suc c e s s  of s cient i st s ,  

Although the inte rpr etati on of the s e  finding s 

i s  limit e d ,  they ne,ve rthele s s show that s ome of the 

intelle ctual qualitie s de s c ribed a s  b e ing cha ract e r i st 

i c  f o r  the p e rformance of mathe matician s and 

engine e r s  j ob s  we r e  al s o  found u s ing othe r method s ,  

and t e nd t o  c onfi rm the i r  imp ortan c e  for the 

s u c c e s sful wo rk pe rforman c e  of s c ie nti st s .  

Anothe r detailed c omp a ri s on of the r e s ult s 

of the study with othe r int elli g e n c e  c on c e pt s  doe s 

not appe a r  t o  b e  ne c e s s a ry b e c au s e  it would only 

g ene rat e  r ath e r  vague and gene ral r e s ult s .  O n  

the o n e  hand , w e  would p r obably find s imila rit i e s 

betwe en fa ct o r s and intell e ctual qualitie s ,  and that 

s ome fa ct o r  definition s  would diffe r entiate b etwe e n  

intelle ctual activiti e s m o r e  clea rly than the 

c on c e pt s  de rive d f r om thi s study . H oweve r ,  on the 

othe r ha nd, p r oblem - s olving a ctivitie s w ould 

p r obably b e  m o r e  clea rly define d  in thi s study than 

the y a r e  in othe r fa ct o r  studie s .  
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7 � 2. 2 .  Comparis on with finding s of "Game Theory". 

The importance of deci sions and their 

relation to cognitive and per s onality characteri stic s 

was one of the major finding s of thi s study ( see 

P. 2 3  ). A compari s on of the se re sult s with a 

different approach toward s deci s ion -making, might 

be u seful in order to e stabli sh to what extent aspects 

of both approache s can be a s similated. 

Deci sion -making and it s implications  i s  

incorporated in the "Game Theory" approach ( see 

46 & 3 1). Probably due to the fact that "the 

logical analy sis  of game s of strategy . . . wa s 

undertaken not by psych ol ogi st s  but by mathematic 

ian s" (3 2 ,  P. 1 2 9) 1 the psychological implication s 

of "game s" have been neglected to s ome extent . 

Thi s study , however, focu se s  on the se psy chological 

determinant s of deci sion �making . 

A s  regard s thi s particular a spe ct of deci sion

making, s ome of Rapoport s ob servation s and 

conclusions which are of intere st here are ba sed on 

the analy si s of mathemati cally con structed game s .  

He state s that "the re i s  a hierarchy of level s of 

deci s i on s  and the c oncept of rati onal deci si on s 

become s progres sively more dependant on specific 

psychological or even ethical hypothe si s as we pa s s  

to the more c omplex level s of de ci sion problem s 

(3 2 ,  P. 130) .  

The same conclu sions v.ere al s o  drawn from 

the re sult s of thi s study , where it wa s found that 

the characteri stic s of deci sion s  involved in job s  

of a fairly simple nature are rational manipulation s 

and evaluation s ,  while more complex job s  imply 
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what Rapoport probably considered as "psychological 

factors", viz. "judgmental confidence, readiness 

to take responsibility for far -reaching consequences� '  

etc. . These findings are also to some extent 

supported by N. Jordan (28) who interprets Game 

Theory, and decision-making in terms of "Gestalt" 

psychology. He emphasized the fact that 

"psychological certainty" is important in the 

process of deciding and defines "psychological 

certainty" as the functioning "of an organism in a 

confident and as sured manner" (28, P. 134). 

Rapoport further states (28, P .  139) that "the 

principal advantage of the game method" (and 

with it the simulation of decision-making) "lies 

in the circumstance that, while the thought 

processes so tapped are quit e rich in psychological 

content . • . " .  

Similar deductions were drawn in this study 

when stating that (P. 23 ) "in fact we find that nearly 

all intellectual qualities as described in the 

Categories can be deduced from the kind of decisions 

which are made on the different job levels . " 

The comparative results with other intellig 

ence concepts can, therefore, be summarized as 

follows: 

(i) Intellectual abilities from Guilford' s 

structural intelligence model , which 

were rated as important for the work 

success of scientists, were also 

suggested by this study although 

differences with regard to the degree 
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of differentiation between several 

intellectual abilities could be 

e stab Ii shed. 

( ii )  The importance of "decisions" and 

their relation to cognitive and 

personality characteristics revealed by 

this study, was supported by conclusions 

derived from mathematical and "Gestalt" 

psychol ogical de cision models of 

' ' Game -the ory ' ' ,, 

8 ,, Conclusions and Recommendations . 

8 .  1 . Practical Aspects. 

(i) The categories of intellectual characteristics . 

On the basis of the findings as indicated by the first 

two categories of intellectual characteristics which involve 

primarily cognitive processes, and those of the third 

category indicating the importance of the affective and 

personality characteristics in job performance, a 

differentiation of selection methods for research personnel 

appears advisable . 

The emphasis of the selection of junior re search 

personnel should be laid on the identification of cognitive or 

intellectual abilities. The selection of senior re search 

personnel should emphasize, however, the testing of 

personality aspects (e.g. emotional stability , selfconfidence, 

sociable willingness and, more generally, leader ship 

qualities). This implies that in the actual selection 

process, personality tests and/ or projective techniques 

should be used. It also appears that the introduction of 
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methods such as group-discussions should be considered 

seriously, particularly where the assessment of leadership 

i s required . 

The intelligence tests used at pre sent for the 

selection of senior research pers onnel is not sufficiently 

differentiating . Another point arising from this study, is 

that work achievement on higher levels is largely dependant 

on- ft£ knowledge and experience of incumbents, which cannot 

be tested easily or evaluated by the psychologist . 

Although not directly related to personnel selection 

procedures, some further conclusions concerning personnel 

management problems can be drawn from the "categories". 

Categories I and II (which include A.  R. 0 .  ' s  R. 0 ,  ' s  and 

S .  R .  0 .  's )  constitute a transition of tasks from "sin1ple" 

application of re search methods to a more sophisticated use 

of research methodology , while category III (Divisi onal 

Head-level and higher) involve demands and functions 

which are completely different from those of the first two 

categories . Without any previous training for the execution 

of these new functions (e . g . "thinking in organizatorial contexts 9 

learning administrative ' skills ' ") a transfer of incumbents 

from basically pure research activities to a new field of 

work must create difficulties for the persons concerned as 

well as for the division. By gradually introducing incumb ents 

(who are likely to be promoted as Divisional He ads) into 

their new field and /or by training them in e . g .  handling 

administrative matters, these difficulties could be reduc ed. 

Decision-making and its simulation . 

The implications of decision -making and their 
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relationship to game theory have already been discussed 

(Chapter 7. 2. 2) . The conclusions drawn from this 

discussion support P . R. Skawran ' s (3 8) recommendation 

to use "games" as e .  g ,. Frederiksen ' s  "In - Basket Test" (20) for 

the selection of high -level research personnel. 

It seems, however, that a clearer definition of what 

the " In-Basket Test" measures in terms of the quality of 

the decisions is needed. The ability to make decisions is -

as has been emphasized by P . R. Skawran (3 8),  Rapoport (3 2) 

and N. Jordan ( 2 8) - determined by various factors , e . g .  

cognitive and emotional factors . B efore using any "game" 

or method of simulating decisions, it is� therefore ,  

advisable to determine the processes or characteristics 

which are prominent in the act of deciding . 

Studies which relate the results of "games" to 

personality and intelligence tests are, at this stage , pre 

eminent to the practical application of the simulation of 

decision processes for specific selection purposes (e. g .  

selection of research management). 

Another specification of "games" for the assessment 

of re search management becomes apparent when constructing 

decision situations simulating this activity . Simply to 

simulate dec isi on pr ocesses seems to  be t oo global � It 

is evident from J .  N .  Fairhead 's,  D ,  S ,  Pugh ' s  and 

W . J .  William's  investigation ( 1 6), that a more structurized 

approach to the drawing up of decision exercises is possible . 

They developed six games for different fields of management, 

viz . Production Planning, Marketing Management, 

Personnel Management, Supervisory Management, Executive 

Management and Top Management . It is suggested to consider 

such an approach more seriously with regard to the 

development of a "Research Management Exercise". 
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8 .  2 T he o-retical a spe ct s .  

The foll owing c onc lu s i on s  and r e c ommendati on s  with 

r e ga rd t o  an imp r ov e ment of meth od ol ogical  a sp e ct s of 

inve stigati on s on intelligen ce of re s e a rch worke r s  stem fr om 

W . A . S c ott and M .  W e rtheime r ' s  ( 3 7 �  P . 1 0 1 )  stat eme nt that " a  

qualitat ive mea s ure c a n  be s e e n a s  a fir st c rude atte mpt 

to define a va riabl e , whi ch can pe r hap s sub s e que ntly be 

a s s e s s e d  with g r e at e r p r e c i s i on " . F i r stly , an analy si s of 

the unde rlying methodol ogical  p rinciple s of thi s study s ugg e st s  

that it i s  p o s s ible t o  devi s e  additi onal and m o r e  st ructu r e d  

app r oa che s .  The appli cati on of the N .  I .  P ,  R .  j ob de s c ripti on 

method t o  the p r oble m  of int elli g e n c e ,  c an be c on side r e d  

a s  a me an s of st imulat ing int e rvi e we e s t o  int r ospe ct and 

sub s e quently to d e s c ribe " s e lf - pe r c e ived mental p r o c e s s e s " . 

Explanati on s  of the s e  mental p r oc e s s e s  forme d  a ba si s f or 

the e stabli shment of the " C ate g orie s of Intelle ctual 

Chara ct e ri sti c s . " 

Although not mentione d a s  such,  thi s c onc e pt of 

intr o spe ction i s  inc o rp o r ated in many p sychol ogic al i nv e  stigat -

i on s .  "It i s  still d oing it s bu s ine s s  unde r va ri ou s  alia s e s "  

(B oring ( 6 , P .  1 6 9 ) .  F \._, r  in stan c e ,  e a rly re s e a r ch on 

" C r e ativity " ,  wa s st r ongly ma rked by the appli c at i on of 

int r o sp e ction (Se e Hadamard ( 2 6 ) , Eidu s on ( 1  O } s A ,  R oe ( 3 4)  

and J .  R o s sman ( 3 3 ) . Similarly,  in thi s study , it wa s the 

prima ry me an s of g e ne rating inf o r mat i on .  A s s uming that 

the p r e c i s i on of a meth odi cal c onc ept u s e d  in a p s ychol ogi cal 

study sh ould be a fun cti on of it s imp o rtan c e � it  appe a r s to be 

ne c e s s a ry to  imp r ove the p r oc e dur e of " s elf = pe rc ept i on of 

mental a ctivitie s " ,  s o  that it can b e  u s e d  a s  a m o r e  c on c i s e  

ba si s for  a j ob - o rientated app r oa c h  towa r d s  int ellig e n c e . 

An imp r ove ment can only b e  affe ct e d  i n  the f orm of 

a s ynthe s i s betwe en qualitative and quantitative meth od s of 

r e  s e a r ch a s  p r op o s ed by A . 0 .  Jae g e r  ( 2 7 , P .  4£ . ) �  with 
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r e ga rd t o  intelli g e n c e  r e  s e a r ch .  H e  unde rline s the ne c e s s ity 

for a s ynthe si s b etwe en " p r o c e s s  r e s ea r ch "  (i . e . re s e a r ch on 

the p r o c e s s  and c ondit i on s  of thinking - a s  it wa s p a rtly d one 

in thi s study) and "dimen s i onal r e s e a r ch " ( e . g .  c o r r elative 

and fa ct o r  analyt i c  method s ) ,  whi ch sta rt s "wh e r e  the 

' p r o c e s s  re s e a r c h '  e nd s : viz . with the analy si s of the re sult s 

of thinking p r o c e s s e s . " P o s s ibiliti e s f o r  the appli c at i on 

of J a e ge r ' s c onc ept have b e e n  sugg e st e d  by F re nch ( 2 0 ) , and 

lat e r  E rtel ( 14 , 1 5 ) .  E rtel ' s inve stigat i on s  a r e  p r obably the 

mo st advanc e d  s ince  he ha s ove r c ome s ome of the method ol og 

ical  diffi cultie s e xpe rienced b y  F r e nch and ha s extende d 

W itkin ' s  (47 , 4 8 ,  4 9 )  c on c e pt . The r efo re , E rtel ' s studi e s 

can b e  u s e d  a s  a ba s i s for a m o r e  st ructu re d app r oa ch in 

identifying thinking p r o c e s s e s ( and the i r  re sult s )  r el at e d  to the 

j ob pe rf o rmanc e  of re s ea r ch w o rk e r s .  . In o r de r t o  cla rify 

the new c onc e pt it i s  ne c e s s a ry to de lineate the meth od s he 

u s e d and to  explain hi s maj or finding s .  

In  an attempt t o  cla rify the mental p r o c e s s e s  inv olved 

in te st - p e rformanc e ,  E rt e l  ( 1 4) ,  devel op e d  a new 

va riant of  O s g ood ' s " S e mant i c  Diff e r e ntial " (lat e r  c all e d : 

T e st B ehavi ou r  Diffe rential ) ,  whe r e  s ubj e ct s  we re r e qui r e d  

t o  s c ale the intelle ctual p r o c e s s e s  inv olve d  i n  the i r  te st 

p e rfo rmance . T he re s ult s of hi s v a r i ou s studi e s ( s e e  a l s o  

E rt e l  ( 1 2 , 1 3 )), ba s e d  on thi s c on c e pt c an b e  summa r i z e d  

b ri efly a s  foll ow s :  

( i )  A me thod , u s ing the t e st = b ehavi ou r  diffe r e ntial , 

ha s b e e n  deve l op e d  t o  analy se the thinking 

p r oc e s s e s  inv olved in p r oblem - s olving . 

(ii) T h r e e " dime n s i on s  of c ognitive behav i o r " (i . e .  

fa ct o r s ) ,  have sub s e quently b e e n  identifi e d :  

Exe rti on (le s s  v s . m or e ) ,  V a riability (flexible 
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spontaneous vs . steady systematic ), 

Unifi cation (global, st ructuring, vs. elemental, 

analytic 9 diversifying) . These dimensi ons were 

identified in seve ral investigati ons with different 

gr oups of subj e cts , and under varying c onditi ons . 

The dimension s we re interpreted to represent 

basic va riables of intellectual behaviour relatively 

independent of the situati on and the populati on. 

(iii) Individual probkm -solving styles c ould be 

identified by measuring the extent to whi ch 

subje cts used these dimensions of c ognitive 

behaviour in c oping with test -pr oblems . The 

influen ce of these individual pr oblem �solving styles 

on test -achievements c ould be assessed .  

Since the results of Ertel '  s studies attempting to 

analyse the pr oc esses and dimensi ons of c ognitive behavi our  

are enc ouraging, his test behaviour  diffe rential can be applied 

in a specifi c way, viz ? instead of using tests as objects for 

scaling the intellectual pr ocesses 9 "typi cal work situations" 

(i . e. c riti cal incidents) can be use d .  

Using this basi c c oncept, the following pr oblems can 

be investigated :  

( i )  The identifi cati on of "professi onal pr oblem -solving 

styles ". The extent t o  whi ch each of the three 

dimensi ons of c ognitive behaviour are used in 

diffe rent oc c upational gr oups c ould give an 

indication of whether it is possible t o  differentiate 

between different modes of thinking which are 

typical for certain oc c upati ons and whi ch are 

necessary for the pe rformance of groups of j obs. 
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(ii) The relationships between " professional problem 

solving styles " and work success . 

An identification of the professional problem 

solving styles related to either high or low work 

performance would be valuable for the specification 

of selection procedures because predictors which 

measure those problem-solving styles necessary 

for work success could be selected and/ or devised. 

(iii) The relationships between professional problem 

solving styles, work success and test-achieve·

ments . 

A compariscn of these three problem areas 

should give an answer to the following questions: 

(a) To what extent do the present intelligence 
tests predict work success ? 

(b) To what extent can work-success and test 
achievements be explained in terms of 
professional problem-solving styles ? 

(c) To what extent can the differences in test 
achievements of different occupational 
groups be explained in terms of professional 
problem - solving styles. 

It i s s ugg e s t e d  t o  implement the p r op o sal s as  follow s : 

(i) T he selection of Institttes and groups of research 

workers who will participate in the investigation . 

This selection should be based on clear definitions 

of occupational groups wbich 'differ with regard 

to education and the kind of work performed. A 

differentiation between Biologists, Chemists , 

Physicists and Engineers might be fruitful . 

Each sample should include at least 5 0  subjects . 
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( ii ) An e valuati on of the j ob p e rf o rma n c e  of re  s e a r ch 

p e r s onne l pa rti c ipating in the study ., Fl anagan ' s 

( 1 9 ) que sti onna i r e  c on c ept i s  p r op o s e d  f o r  thi s  

evaluati on . T he appli c ati on of thi s  method 

ne c e s s itat e s the rating of the a ctiviti e s of s ub 

o r din at e s by thei r  s up e ri o r s  ove r  a pe r i od of s ix 

month s .  Sup e ri o r s  woul d  u s e  the " C riti cal 

Incid e nt R e p o rt - F orm" f o r  the i r rating s and at 

the end of six month s they w ould s umma riz e  thei r  

ob s e rvati ons i n  the " Pe rfo rmanc e Evaluati ons of 

R e s e a r ch P e r s onne l " f o rm .. 

(iii ) Once thei r  j ob pe rfo rman c e  ha s b e e n  evaluat e d ,  

the r e s e a r ch worke r s  inv olved sh ould u s e  a 

variant of E rt e l '  s T e st -Behaviour Diffe r ential 

to s c al e  the intelle ctual p r oc e s s e s  u s e d  by the m  

i n  t h e  a ctiviti e s de s c ribed o n  thei r  " C rit i c al 

Incident R e p o rt "  f o r m .  

8 .  3 .  N .  I.  P ,  R .  J ob -De s c r ipti on Method . 

T he N .  I .  P . R .. j ob de s c ripti on and anal y si s method p r ovi ded a 

u s eful ba si s f o r  thi s study , e sp e c i ally in di s c riminating betwe en j ob s  of 

diffe rent c omplexitie s .  In a ddition the " G r ad e "  definiti on s  s e em t o  

c i r cum s c r ibe all imp o rtant a sp e ct s o f  g r oup s of j ob s  on diffe rent leve l s ,  

H oweve r ,  with r eg a r d  t o  the int e rp retation of the " Grade s "  a s  a mean s 

f o r  the ide ntifi c ation of "the int elli g en ce " ne c e s s a ry for the p e r£ o rman c e  

of j ob s ,  the N .  I .  P . R .  j ob de s c r ipti on method ha s it s limitati on s .  

It i s  sugg e ste d  t o  adapt the N .  I .  P .  R o j ob de s c ripti on method in 

s u ch a way , that it p r ovide s info rmat i on relevant to the c on st ructi on of 

the p r op o s e d  "Re s e a r ch Mana g e ment Exe r ci s e " . Thi s sugg e sti on 

take s int o a c c ount that the N ,  I. P . R .  j ob de s c ript i on method u s e s 

int e rvie wing t e chnique s whi c h  a r e  suitable for c ompiling detail e d  

information o n  t h e  de c i s i on p r o c e s s e s  fo rming an e s s e ntial p a rt o f  the 

re s e ar ch marag ement j ob s c  
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A N N E X U R E  

Scale Definitions of the Job Evaluation Factors . 



1 .  S cale definiti ons  of the Factor  - "De c i s i on s " .  

1 .  Limited numbe r of clearly defined alte rnative s ( e . g . to  

de sign a c ir cuit with an open loop amplifie r or a c lo sed loop 

amplifie r ) ,  whe r e  the mo st s uitable one i s  se lec ted .  

Dec i s ion s are  cha ra ct e ri z ed by  relating demand s of ta sk 

with it s well defined expe riment spe c ificati on s ( e . g . 

spe c ifi c ati on s  of ele ctr onic  c omponent s ,  c omput e r  

p r e s c ript ions  et c . ) t o  own fa ctual knowledg e  ( e . g . unive r s ity 

knowledge on bas i c  ele ctr oni c pr incipl e s ,  et c . ) and /or limit e d  

expe rience  (e . g . expe rien c e  o n  quality of c omponent s, et c . ) .  

A ct s  on cle a r - cut cue s ,  The c or r e ctne s s  of a de c i s i on i s  

immediately e stabli she d a s  a re sult of fe e d - ba ck of 

informat ion from own exp e rimental work ( e . g . f ailing unit s 

of e le ct r oni c ci r c uit s lead t o  alt e rati on s of the c i r cuit) , the 

availability of law s / p rinc iple s and limite d  appli e d  expe rienc e , 

l i  

1 ii  

l ii i  

2 . Alte rnative s are  fre qu ently  le s s  cle arly defined ,  s ome of them 

tentative for  short -te rm t rial , and s oluti on s to  a given p r oble m  

(e . g . how t o  ove r c ome d - c shift s ,  et c , ) , have t o  be  devi s e d . 

D e ci s i ons a r e  cha r a cte ri z e d  b y  c olle cting and c ompa ring 

informati on (e . g . de s c r ipt ion s of diffe rent apparatu s ,  et c ) and 

int e rpreting it in t e r m s  of the purp o s e  and nee d s  of work ( e . g . 

g r owth of s e mi c onduct o r s , e tc ) ,  Guided by l og ical deducti on s .  

and analy s i s  ba s e d  on knowl e dge and expe rien c e  in a sp e cifi c 

fie ld (e . g . own expe rimental s et - up s  and calculati on s a r e  u s e d  

i n  o rde r t o  find cue s for d e c i s ion). Re spon s ibility for  small 

p r oj e ct s  i s  u sually all ott e d  t o  incumb ent . 

2i 

2ii  

2iii  
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3. Multiple interrelated alternatives are evaluated and compared 

in terms of the wider applicability of their underlying 

principles. Alternatives are developed in the form of 

original solutions (e . g . completely new circuit design) .  

Decisions are characterized by the accumulation and 

evaluation of information, reducing it to its fundamental 

characteristics and by the application of newly gained insight 

into unfamiliar problems in a given field . Guided by cues 

obtained from the analysis of alternative solutions, systems, 

approaches and the recognition of their interrelations and 

implications, particularly when planning projects . In his 
decision, he is also guided by more general considerations 

regarding the time and cost of a project, its usefulness, 

budget restrictions, etc . . Responsibility for own projects, as 

well as proj ects of subordinates, which requires consideration 

of the con sequence of error . 

3i 

3ii  

3 iii 

4. Variety of different and interrelated alternatives (few of 

them predetermined), consisting primarily of complex and 
interrelated systems and basic approaches (e. g.  new 
education systems for technicians, etc , ) .  
Decisions are characterized by the need for anticipating and 
planning new research policy, etc . and integrating research 

efforts with visualized objectives which will benefit the 

Institute and the Nation. Does this on the basis of following 

up subtle and unprecedented cues, indicating new trends 

and needs for development (e . g .  future computer services 

in S . A. ) .  Also necessitates integration and reconciliation of 

conflicting factors (e. g .  needs of Divisions, Institutes, demands 

of Industry, etc . ) . 



2 .  Scale definition s of the Factor - " C ontrol s and Check s " . 

l ,  Detailed and regular control . Specific ta sk in struction s from 

superior . Incumbent check s on hi s own progre s s  and quality 

of work, e . g . by noticing the malfunctioning of part s,  incorrect 

calculation s ,  etc . , and immediately applie s the nece s sary 

correction s him s elf n On completi on submit s re sult s to 

superior.  

li  

I ii 

liii 

Con sequence of error practically nil . 

2. More general in struction s and irregular control of re s earch 

technique s and procedure s in a number of ta s k s  by superior.  

Recognition of own mi stak e s  and their c orrection re quire s 

technical interpretation, but incumbent can consult other s. 

Quality of work i s  checked by the general s ucce s s  of completed 

ta sk s .  Con sequence of error means repeating the ta sk/  s and 

s ome los s of time . 

3 .  

2i 

2ii 

2iii 

Control s primarily in f orm of approval or rejecti on of own 

proj ect propo sal s by di scu s s i on with supe ri or and speciali st s .  

Quality of work i s  checke d more indirectly (apart from budget 

and time expenditure )  by final report s ,  customer ' s  appreciation 

and the acceptance of re s earch re sult s for publication .. 

Mi stake s may have negative effect s on image of Divi sion or 

In stitute . 

3i 

3ii 

3iii 



4.  Controlle d by formal approval of proposal s  for s everal 

proje ct s (in a particular re s earch area) whi ch are evaluate d 

by spe ciali s t s ,  expert s and committe e s .  Re s pon sibility for 

the dire ction, co -ordination and completion of proje ct s lie s 

with incumbent. Quality of work i s  c he cked by final su c c e s s  

of proje c t s ,  a s  well a s  by the impact of inc umbent ' s 

publi cation s.  Mi stake s de crea s e  efficiency and progre s s  of 

work of the Divi sion and In stitute and may have negative 

effe cts  on the image of the latter and of the C .  S .  I. R. 

4i 

4ii 

4iii 

5. Determine s s cientific and indu strial development s ,  e . g. 

utilization of computer s cien ce or pers onnel mangement, etc . , 

although s cientific bodie s and advi sory committe e s have to give 

formal approval. Initiative for the s e  development s emanate s 

primarily from the incumbent. Quality of work i s  controlled 

indire ctly by national and s cientific approval of s ervic e s  

rendere d .  C on s e quenc e of error may have negative effe ct s on 

re s earch development s with regard to the Institute a s  a whole,  

the C. S .  I.  R. and the c ountry. 



3.  Scale definitions of the Factor - "Contact with People". 

1. Contact within the section, i . e. with colleagues and 

3 .  

superior. Contact primarily in terms of specific instruction, 

guidance and advice on specific tasks and queries which 

incumbent may have in this respect . Usually on an individual 

basis . 

l i  

I ii 

l iii 

Contact with people within division usually in terms of more 

general instruction and advice on smaller projects and some 

discussion with colleagues and specialists to obtain advice. 

Occasionally has to discuss a technical problem with laymen, 

on the basis of specific experience. Still primarily on an 

individual and informal basis , although some group discussions 

may be attended. 

Zi 

Zii 

Ziii 

Contact with people within the I nstitute, as well as with 

some clients ,  primarily in the form of di s cu s sions to obtain 

advice, clarification and, at times 1 to persuade others. Could 

also involve supervisory functions over a limited number of 

junior colleagues . Contacts becoming more formal by 

participating in discussions and meetings concerning own 

specialized field of knowledge. 

3i 

3ii 

3iii 



4. Contact with divisions, institutes, clients and scientific 

and management bodie s. Contacts both formal and informal 

as well as on individual, personal and group basis .  

Emerging more clearly in a research leader capacity, 

conveying critically , evaluating, discussing and convincing 

people in own field as well as in other fields . Also dealing 

with organizational and management problems, e. g. behaviour 

of groups and reconciliation of conflicting views . 



4. Scale definitions of the Factor - "Language Usage". 

1 .  Familiarity with specific technological terminology pertaining 

primarily to own field of work 9 Verbal and written reports 

where facts of own work are de scribed . 

I i  

I ii 

l iii 

2 .  Familiarity with specific technical terminology and 

interpretation of technological information related to own 

work and the work of Division . Writing of short reports 

(pertaining to own work) on general lines of action, where 

technical language is transformed int o p opular language and/ or 

own opinion is expressed during meetings or informal 

discussi ons with custome rs . English and Afrikaans is necessary. 

Zi  

Zii  

Ziii 

3. Immediate understanding of technic�al informati on (condensed 

or otherwise), by distinguishing the important from the 

unimportant, recognizing essential aspects and the underlying 

principles of written and verbal matters � Clear, concise and 

fluent expression in writing publications (and work reports), 

addressing public meetings . F ormal discussions with 

seni or people. C onvincing by l ogical presentation of 

technical facts . Some foreign languages are necessary . 

3 i  

3ii  

3iii 

4 . Immediate grasping and conceptualizing of essential aspects 

regarding technical and general informati on and detecting 

subtle points and "under-currents", (e . g .  reading between the 

lines) .  Quick, concise and fluent formulati on of own answers, 



obj e ction s and p r op o s al s .  I s  l og i c a l  and s y stemati c with 

r e ga rd t o  writt e n  and v e rbal matt e r s  and u s e s  

rhet o ri c al t e c hni que s i n  o rde r t o  c onvinc e p e ople . S ome 

f o r eign langua g e s are ne c e s s a r y  Q 



5 .  Scale definitions of the Factor - "Experience" .  

1. No specifi c experience,  i . e . , apart from his academic training 

required. Typical "beginner jobs" where incumbents are 

introduced and trained in clear! y circumscribed tasks, (applying 

a limited number of techniques) usually forming only part of 

a field, e. g. programming . 

l i  

l ii 

l iii 

2 .  Learning to put into practice and to apply techniques self

reliantly (e. g. Variance Analysis). Learning of new but basic 

principles (e.g .  computer languages) and applying them . 

Becoming familiar with the manipulation of apparatus, and 

becoming skilled in the use of instruments, etc . , in order to 

facilitate and accelerate work. 

2i 

2ii 

2iii 

3 .  A c cumulation of knowledge and experience i n  a variety of 

techniques in order to obtain "insight" into technological and / or 

scientific problems in a given field . Problem consciousness is 

developed and difficultie s of work (e . g. behavi our of e quations 

under certain conditions) are recognized and anti cipated . New 

situations are handled fairly expertly by the drawing up of 

analogies between the performance of former tasks and the actual 

work problems, leading also to the formulation of hypothesi s 

and theory. Comprehending and explaining results of re search 

work in a concise and logical form . 

independently on re search projects. 

Learning to work 

Learning to handle others 

and to supervise staff so that incumbent can deal effi ciently 



with a variety of people.  

3i 

3ii 

3iii 

4. Learning to handle organizational and administrative matters, 

e . g .  estimating time and cost of projects, and operating in 

organizational contexts (e. g. determine priorities of projects). 

Acquaintance with managerial aspects of work by gaining 

insight into commercial and industrial procedures, their short

comings and research needs. Capability to bear responsibility 

for staff and develop techniques to guide subordinates .  Getting 

acquainted with representative aspects of work, i .  e .  taking 

part in meetings, and speaking in public where rhetoric 

techniques are applied. Efficient writing and speaking, so that 

one can negotiate successfully . 
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