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ABSTRACT
The competence of Science Foundation students at the Mafikeng Campus of North-West 
University in some basic intellectual skills was studied, over a period of three years, utilising 
carefully designed questions. The skills tested included language, mathematical, graphical, three-
dimensional visualisation, information processing and reasoning skills. The results showed that 
their competence in the basic intellectual skills needed to study science effectively was far below 
standard. This lack of competence could be expected to be detrimental to self-confidence and 
may also be an important reason for the high failure rate of students in their science courses. We 
concluded with the suggestion that much greater emphasis should be placed on the systematic and 
sustained training of students in intellectual skills and strategies of various types and that such 
training should be integrated, throughout the courses, with the teaching of subject content.

INTRODUCTION
The various types of intellectual skills and strategies that are important for learning and problem 
solving have been organised and discussed comprehensively by Marzano et al.1 It is generally believed 
that they are the 'tools' for all our mental activities. They are particularly important for successful 
problem solving, an important part of most science courses. Even though extensive research has been 
done on problem solving,1,2,3,4,5,6,7,8 not much work has been done on the systematic testing of individual 
students’ competence levels in the basic intellectual skills and strategies that are essential for effective 
problem solving. Such testing would help in the identification of some fundamental reasons for failures 
in problem solving and can hence assist in remedial action through appropriate instruction. 

Problem solving generally involves multiple steps and often requires a combination of various basic 
intellectual skills and strategies.  We tested some of these basic intellectual skills on Science Foundation 
students. They did not qualify for admission into BSc degree programmes and the main objective 
of the Science Foundation programme is to prepare them for tertiary education. As part of her PhD 
thesis, Drummond9 tested the competence of first year BSc science students at the Mafikeng campus 
of North-West University in some basic skills and strategies. Our study differs from Drummonds’ in 
relation to the type of students that were tested as well as the type of questions used in the testing. 
Also the questions we used were more basic. Emphasis was placed on designing the simplest possible 
questions for testing each type of basic intellectual skill, namely: language, mathematical, graphical, 
three-dimensional visualisation, information processing and reasoning skills. Many of the questions we 
designed did not involve scientific concepts. 

OBJECTIVES AND METHOD OF STUDY
The main objective of this study was to test the level of competence of students in the various types of 
intellectual skills and strategies that are important for problem solving in science courses. The study 
method used was the analysis of students’ responses to specifically designed questions. The study 
essentially involved diagnostic testing and not performance testing, in order to identify students’ thinking 
difficulties.  For the purpose of ameliorating the obstacles students were likely to encounter, workshops 
on basic scientific reasoning were also conducted by the authors of this paper. Also, a detailed report 
on students’ difficulties was circulated to the various lecturers so that they could attempt to remedy 
students’ shortcomings in their courses. 

We did not attempt to compare and statistically analyse students’ performances in the different 
questions because the study involved diagnostic testing and the different questions tested different 
types of skills at different levels of difficulty. To test competence in intellectual abilities, a question had 
to satisfy the following two criteria: (1) content knowledge should not cause any difficulties, and (2) the 
solutions to the questions should not already be known to the students (to prevent them from merely 
recalling the solution). To help satisfy these criteria, questions were designed that were expected to be 
unfamiliar to students. Additionally, the questions were such that their solutions needed only simple 
principles (i.e. rules, laws and procedures). The principles that were needed to answer a question were 
provided in the question itself. 

Two types of questions (multiple-choice and structured) were used for testing. Whenever possible they 
were multiple-choice. The distracters in these questions were selected to correspond with common 
errors made by students. 

This study was done over a period of three years (2006, 2007, 2008). There were 110 students in 2006, 
99 students in 2007 and 104 students in 2008. All the students participated in the tests and the total 
number of students tested was 313. Different question papers were given each year, although some 
questions were repeated. In 2006, 28 questions were used (in one question paper), 69 questions in 2007 
(in five question papers, one for each subject discipline of the Science Foundation course: chemistry, 
physics, biology, mathematics and language) and 15 questions in 2008 (in one question paper). These 
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question papers may be obtained from the authors. Although no 
time limit was set, more than 75% of the students submitted their 
answer scripts within one and a half hours. Students were tested 
within one month of their entry into the course. They wrote the 
answers on the question paper itself where ample space was 
provided below each question. Because the main objective of the 
study was to investigate how students think and how they set-
about solving problems, they were given the following written 
instructions (along with other instructions in the title page of the 
question paper): 

Show the steps in your reasoning. Also do all the “rough work” 
in the space provided adjoining each question because the main 
objective of this test is to determine your thinking processes. 

A representative sample of the questions is given in Table 1. These 
questions were classified into six types based on the type of skill 
tested: language, mathematical, graphical, three-dimensional 
visualisation, information processing and reasoning.

RESULTS AND DISCUSSION
The percentages of students who correctly answered each 
question are shown in the last column of Table 1 (under heading: 
% correct).  These results showed that competence of students 
in most of the intellectual skills tested was poor. Drummond9  
reached a similar conclusion in her study of first-year students. 

Language skills were tested by the first three questions in Table 
1. Question 1 tested the students’ understanding of four central 
concepts in the study of science: ‘description’, ‘explanation’, 
‘qualitative’ and ‘quantitative’. The students’ performances 
were averaged across all the parts, and showed that about 40% 
of the students were unable to distinguish between descriptive 
and explanatory statements and between qualitative and 
quantitative statements. (The distinction between description 
and explanation is crucial in science and many students’ failure 
in some examination questions is due to their giving a descriptive 
answer when what was required was an explanation. Giving 
an explanation is often associated with answering the question 
'why', and it generally involves cause-effect reasoning.) 

Students’ performances in Question 2, which tested only 
qualitative understanding of some words or phrases important 
in science (for example: 'directly proportional', 'inversely 
proportional', 'variable', 'constant', 'percentage', 'prediction', 
'estimation') were better: more than 65% of their answers were 
correct. Their quantitative understanding of these words/
phrases however, (which was tested by other questions not 
given in Table 1) was poor. For example, about 45% of the 
students were unable to convert a statement of a familiar inverse 
relationship (the time t needed to perform some task and the 
number of men N doing a task) into an equation. 

Question 3 tested ability to identify the variable quantities, and 
also the type of relationship (whether directly proportional or 
inversely proportional) between these quantities, in a non-
scientific problem. Even though the statements in the question 
were familiar and simple, about 20% (averaged across their 
performance in parts a, b and c) of the students had difficulty. 
Since scientific statements generally are more abstract, students’ 
difficulties with them could be expected to be greater. The 
ability to carefully and critically analyse verbal statements so 
as to identify the nature of information provided by them (e.g. 
whether they are experimental facts or theoretical statements), 
and also the various types of information in them (e.g. whether 
the quantities involved are variables or constants, whether the 
relationship between the variables is directly proportional or 
inversely proportional), is fundamentally important in all types 
of learning. Many students experienced difficulty with this type 
of reasoning, which seems to indicate a need for specialised 
training in this important aspect throughout their study courses.
Mathematical skills were tested by Questions 4 to 8 in Table 1. 
Questions 4 and 5, respectively, deal with numbers in scientific 
notation and with the basic mathematical operations (addition, 

subtraction, multiplication, division) involved in them. The 
results for Question 4 (see last column in Table 1) showed 
that about 45% of the students tested were unable to arrange 
correctly, in decreasing order, the four numbers given in the 
question. About 30% of them also had difficulty in carrying 
out basic mathematical operations with numbers (averaged 
across their performance in Questions 5a to 5d). About 40% 
did not recognise the principle that to add, multiply, subtract or 
divide two quantities (see Questions 5e and 5f), they must first 
be converted into the same units (e.g. 1.2 x 10-4 km – 1.0 x 10-² 
m = 1.2 x 10-⁴ km – 0.1 x 10-4 km = 1.1 x 10-4 km). Mathematical 
operations involving logarithmic numbers (Question 5g) caused 
even greater difficulty: about 50% of the students incorrectly 
worked out that log 18 + log 7 = log 25.

Questions 6 to 8 tested many types of intellectual skills associated 
with equations. Question 6 tested qualitative understanding, 
particularly how the quantities in an equation will change 
(whether it will decrease or increase) when the other quantities 
were changed. The results showed that about 20% of the 
students were unable to interpret qualitatively how the various 
quantities in the equation F = k m1 m2 / r

2 depend on one another. 
Question 7(a) tested their ability to apply the equation R = k c² 
to do a calculation. This equation, however, had to be applied 
twice: first to calculate k using the data and then to use the value 
of k to do the needed calculation. Student performance was not 
good, with about 70% being unable to do the calculation. The 
understanding of equations and also the ability to use equations 
for calculations are very important in all quantitative sciences 
and lack of competence in this skill will seriously handicap 
students’ performances. Answers to the second part of Question 
7 also indicated that about 35% of them did not recognise that a 
constant term in an equation does not change when the variables 
are changed. 

Question 8 tested the important ability to combine two equations 
(c = n/V and pV = nRT) so as to obtain an equation that relates 
c and p (which is c = p / RT). This combination merely required 
the elimination of a constant quantity (n or V) found in both the 
equations. The table shows that over 75% of the students were 
incapable of doing this. This inability would seriously limit 
problem solving because combinations of equations are needed 
for the solution of most quantitative problems.

Graphical skills were tested in Questions 9 and 10 (see Table 1). 
They tested, respectively, the ability to deduce the information 
provided by a simple graph and to correlate linear graphs 
with an equation (p1/2V = k). The results showed that students’ 
level of competence in graphical skills was unsatisfactory. 
More than 55% were unable to find out, from a simple graph 
involving familiar quantities (distance travelled vs time), the 
distance travelled between two time values (Question 9a). The 
skills needed to do this are very simple. Over 75% of them also 
reasoned, incorrectly, that because d increases linearly with t, the 
speed also increases linearly (Question 9b). Question 10 tested 
students’ understanding of the relationship between linear 
graphs and equations. Over 90% could not correctly decide on 
the type of plots they would give a linear graph for the simple 
equation p¹/²V = k.

Three-dimensional visualisation skills were tested in Questions 
11 and 12. Students’ answers to Question 11 showed that over 
80% did not recognise, from a drawing of the x, y and z axes, 
that each of the three angles between these axes is 90°. They 
did not, therefore, visualise the drawing of the x, y and z axes 
three-dimensionally. Only about 25% (performance averaged 
across Question 12) could visualise a cube drawn on paper 
three-dimensionally. Three-dimensional visualisation of two-
dimensional drawings (e.g. the structures of molecules and their 
arrangement in solids) is important for understanding many 
aspects of science, and students’ lack of competence in this 
aspect will be an important limiting factor in their learning and 
understanding of science. 
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LANGUAGE SKILLS % CORRECT

1.  Consider the following statements. (i)      (ii)   

(a) The temperature at which water boils is 100 °C. 60     75

(b) The percentage of females who graduate from universities is increasing every year. 39     41

(c) The percentage of oxygen in air is 21%. 63     52

(d) The density of an object is the mass of unit volume of that object. 53     59

(e) Our appearance and behaviour are determined predominantly by our genes. 53     65

(f) Men are more competent than women in mathematics. 40     44

(g) An ideal gas obeys the equation pV = nRT.    81       -  

(h) A gas exerts pressure because molecules bombard the walls of the container vessel.        89       -

State whether each statement given above is (i) a description or an explanation (ii) a qualitative statement or a quantitative statement.

Average 60    56

2. Consider the statements/phrases labelled (a) – (j). 

(a) Parts out of 100 parts. 72

(b) When one quantity is doubled, another quantity is halved. 70

(c) Difference between two quantities. 67

(d) When one quantity is doubled, another quantity is doubled. 70

(e) Property of a part of the system. 54

(f) The value of the property does not change. 73

(g) The value of the property can change. 53

(h) Involves cause-effect reasoning. 72

(i) Obtaining an approximate value of some quantity. 60

(j) Foretelling of future events or occurrences. 68

“Match” the most appropriate statement given above with the following words/phrases.

(1) directly proportional (2) percentage (3) subtraction (4) prediction (5) explanation (6) estimation (7) inversely proportional (8) constant (9) partial property (10) 
variable. 

Average 66

3. Two men need nine hours to tile the floor of a house.

(a) The variable quantities involved in this problem are (circle the correct answer)  (i) men and house (ii) men and time (iii) number of men and time (iv) number of 
tiles and surface area of the floor (v) two and nine.

80

(b) When the number of men employed is increased, will the time needed be greater or less? 86

(c) Will the relationship between the time(t) and the number of men(N) employed be directly proportional, inversely proportional or exponential? 69

Average 78

MATHEMATICAL SKILLS % CORRECT

4. Arrange the following numbers in decreasing order (that is, start with the largest number)

1.5 x 10-2,     1.5 x  10-3,     8.0 x 10-3,     1.5 x  102 55

5. Calculate the following (note: 1 km = 1 000 m)

(a)  (1.3  x 10-3) + (1.0  x  10-2) – (4.0 x 10-2) 83

(b)  (3.0 x 10-3) (2.0 x 10-2)
             (2.0 x 10-3)2

             

56

(c)  1 + 1 + 1
      8    4     2

79

(d) 4 x 20 [1 - (6 - 10)]
               2

57

(e)  1.2 x 10-4 km – 1.0 x 10-2 m     
 

58

(f)    6.0 x 10-2 m 60

       12.0 x 10-3 km

(g) Is log 18 + log 7 equal to log 25? 51

Average 55

6. The force of attraction (F) between two objects of masses m1 and m2 separated by a distance r is given by the equation F = k m1m2 / r, where k is a constant. 
For this equation answer the following questions.

(a) Name the variables (variable quantities) in this equation. 75

(b) If r increases, will F increase, decrease or remain unchanged? 84

(c) If r increases, will k increase, decrease or remain unchanged? 70

TABLE 1
A representative sample of the questions used
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MATHEMATICAL SKILLS % CORRECT

(d) If m1 increases, will F increase, decrease or remain unchanged? 85

(e) Is F directly proportional to r?

Average 66

7. The rate of decomposition (R) of a substance is directly proportional to the square of its concentration (c). This information may be represented by the equation R = kc2, 
where k is a constant

(a) If the rate of decomposition is x at a concentration c, the rate when the concentration is doubled to 2c will be (circle the correct answer)

      (i) x    (ii) 2x    (iii) 4x    (iv) (1/2)x    (v)(1/4)x 31

(b) What will be the effect on the value of k if the concentration c is doubled? 64

Average 48

8. Combine the two equations c = n/V and p V = n R T so as to obtain an equation that relates c and p. 22

9. Use the graph below which shows the total distance (d) walked by a man plotted against time (t) to answer the following questions (note: the defining 
equation for speed(s) is s = d/t)

(a)  Find the distance walked between 20 and 30 minutes 42

(b) During the first ten minutes (see line AB) does the man’s speed increase, decrease or remain unchanged with time? 24

(c) Between 10 minutes and 20 minutes (see line BC), has the man stopped walking or is he walking? 29

Average 35

10. The equation for a linear graph is y = mx + c, where y and x are the variables (variable quantities) and m (the slope or gradient) and c (the intercept on the y-axis) are 
constants. If the relationship between the pressure p and volume V of a non-ideal gas is given by the equation p1/2V = k where k is a constant, which of the following plots 
will give a linear graph?                                                                                                           

(a) p vs V                            (a) 06

(b) p1/2 vs V    (b) 09

(c) p1/2 vs1/V   (c) 23

(d) p1/2V vs p  (d) 11

(e) p1/2V vs V (e) 08

Average 11

11. Look at figure 1 which shows the x, y, and z axes drawn from an object A. The angle BAC is then 90°

(a) Will the angle α (see figure) be 90°, less than 90° or greater than 90°? 22

(b) Will the angle β be 90°, less than 90° or greater than 90°? 14

Average 18

12. In figure 2, the arrowed lines represent x,y and z axes and the box represents a cubic box.

(a) Is point p at a higher level, same level or lower level than q? 82

(b) Which point, B or G, is closer to point H? 47

(c) Which face (side) of the cube is opposite to face ABCD? 91

Average 73

TABLE 1 (CONTINUES...)
A representative sample of the questions used 



S
outh A

frican Journal of S
cience

http://www.sajs.co.za S Afr J Sci

Research Letter

A
rticle #11

Competence of Science students in basic intellectual skills

74Vol. 106    No. 1/2     Page 5 of 6

INFORMATION PROCESSING SKILLS % CORRECT

13. A closed vessel at 10°C initially contains 5x1022 molecules of N2O4. The vessel is then heated to 50 °C. Some of the N2O4 molecules then decompose (breakdown) into 
NO2 molecules according to the equation N2O4 → 2 NO2 (which shows that two molecules of NO2 are formed from one molecule of N2O4) to give 2x1022 molecules of NO2. 
Fill in the blanks in the following questions.

(a) The number of N2O4 molecules present initially in the vessel at 10 °C is …………… 89

(b) The number of N2O4 molecules in the vessel at 50 °C is ………… 75

Average 82

14. Convert the following statements into equations (note: to do this, it is necessary to first give symbols to the different quantities).

(a) The sum of the masses of two objects A and B is 12 kg. 57

(b) The difference between the masses of two objects A and B is 4 kg, object A having the larger mass. 39

(c) The total mass of the reactants A and B is equal to the total mass of the products C and D (the reaction considered is A + B → C + D). 29

(d) The price (PN) of N chocolates is equal to the price of one chocolate (P) multiplied by the number of chocolates. 36

(e) The rate of diffusion (R) of a gas is directly proportional to the temperature (T) and is inversely proportional to the square root of its molar mass (M). 27

Average 38

REASONING SKILLS % CORRECT

15. Apply the law of conservation of matter, which states that the total mass of a system does not change during any process, to answer the questions below. 5.0 grams 
of a solid substance A present in a vessel at 25 °C is heated to 80 °C. It then partly breaks down to give 1.0 gram of a solid B which remains in the vessel and 0.80 gram 
of a gas C which escapes from the vessel. Calculate: 

(a) the mass of A present in the vessel 25

(b) the total mass of the substances remaining in the vessel. 23

Average 24

16. A hydrogen molecule (H2) has two hydrogen atoms (H). The mass of a hydrogen molecule is 3.3x10-24 grams. One mole of hydrogen molecules contains 6.0x1023 
molecules of H2. Use the information given above (no other information is needed) to answer the following questions:

(a) The mass of one mole of H2 molecules is ………….. 2

(b) The mass of an H atom is ………… 24

(c) The number of H2 molecules in 19.8 grams of hydrogen is …….. .. 10

Average 12

17. A box contains 6 marbles, all the marbles having the same mass. The total mass of the marbles in a box is 300 grams. Given that a dozen boxes means 12 boxes, calculate: 

(a) the total mass of the marbles in a dozen boxes 65

(b) the mass of a marble 77

(c) the number of boxes that will contain marbles whose total mass is 7 200 grams. 60

Average 67

18. The price of three chocolates is 7.5 rands. How many chocolates can be purchased for 45 rands? 66

19. The mass percentage of water in our bodies is 80%. Calculate the mass of water present in a person weighing 60 kg. [note: mass percentage (mA%) 
of a substance A is defined by the equation: mA% = (mass of A / total mass) x100]

32

20. Two objects A and B can be combined in two different ways: as AB and BA. One way of combining three objects A, B and C is ABC. State the other 
ways of combining A, B and C.

56

Information processing skills were tested in Questions 13 
and 14 (see Table 1). Identification of the information given 
in statements and its processing is an important skill because 
it is often crucial to successful problem solving. The results 
for Question 13 showed that 18% of the students could not 
accomplish the simple task of identifying the information 
explicitly stated in the problem statement. These results are 
indicative of the students’ difficulties with the linguistic 
interpretation of the problem statements, an inability to focus 
and a lack of self-confidence. These result in the inhibition of 
their overall mental ability and performance.

Question 14 tested ability to convert the information provided 
by statements into equations. The results showed that about 
60% of the students tested could not do this. The conversion 
of the information provided by statements into equations is a 
very useful skill. Many students struggle with the use of verbal 
reasoning (reasoning using statements) for calculations, and we 
suggest that a method for by-passing verbal reasoning would 
be to first convert the information provided by statements into 
equations and then use the equations for calculations.10 

Reasoning skills and others (e.g. focusing skills, organising 
skills, ability to proceed systematically) were tested in Questions 
15 to 20. Question 15 tested the ability to apply a basic law (the 

Percentages of students who correctly answered each question are given in the last column (% correct). The average performance in all parts of a question is also given (Average).

TABLE 1 (CONTINUES...)
A representative sample of the questions used 

law of conservation of mass), which was given in the problem as 
a statement, to solve two simple problems. The results showed 
that about 75% of students were unable to perform this task. 
Under-performance in this simple question, as well as in other 
questions that involve the use of statements for reasoning, 
suggests that most students have difficulty with verbal reasoning. 
A useful strategy for overcoming this difficulty would be first to 
convert, using the appropriate principles, the information given 
in statements into equations and then use these equations for 
calculations. For Question 15, the equation relating the relevant 
quantities, by the law of conservation of mass, is:

mA (at 25 °C) = mA (at 80 °C) + mB (at 80 °C) + mC (at 80 °C).

Questions 16 and 17 were similar in that the steps in reasoning 
needed to solve both problems were the same. Question 16 was 
tested in 2006 and 2007. Owing to very weak student performance 
(only 12% answered correctly), this question was replaced in 
2008 by an analogous question (Question 17) that used more 
familiar terms ('mole', '6.0 x 1023' , 'molecule' and 'atom' in the 
2007 question were replaced by the more familiar terms 'dozen', 
'12', 'box' and 'marble' in the 2008 question). Student performance 
improved markedly: about 65% answered Question 17 correctly 
in contrast to only 12% for Question 16. Because the steps in 
reasoning needed to answer both questions are the same, it 
appears that unfamiliar terminology caused difficulty for many 
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students in Question 16. Unfamiliar terminology should not 
lead to a lack of self-confidence that inhibits problem solving if 
students are trained to first identify the principles needed and 
then apply them in a step-by-step manner. 

Questions 18 and 19 in Table 1 are examples of problems 
encountered in our daily lives. Though only direct proportion 
reasoning was needed to solve Question 18, about 35% of the 
students (final column in Table 1) were unable to solve it. 
Direct proportion reasoning and inverse proportion reasoning 
are very important, not only for the study of science, but also 
in our daily activities. It is absolutely essential to train students 
in these two types of reasoning and to ensure that they are 
competent in them. Question 19 mainly tested the ability to 
correlate the information given in the problem statement with 
each of the symbols (quantities) in the defining equation for 
the mass percentage [this equation was given in the problem 
statement and is: mA % = (mass of A / total mass) x 100], and 
then do a simple calculation. The results showed that about 70% 
of students were incapable of doing this. The difficulties of most 
students were due to their inability to recognise that the terms 
'mass of A' and 'total mass' in the defining equation correspond 
respectively to 'mass of water in the person' and 'total mass of 
the person'. While the correlation of the information given in the 
problem statement with the quantities in an equation is not a 
particularly difficult task, students still seem to have difficulty 
and therefore need guidance. 

Question 20 tested students’ abilities to identify the different 
ways in which objects can be combined. This ability is required 
for learning many aspects of science and mathematics. The 
results showed that about 45% of the students lacked this ability. 

CONCLUSION
This study’s main objective was to use carefully designed 
questions to test Science Foundation students’ level of competence 
in simple intellectual abilities. The results of this test showed 
that a large percentage of the students were not competent in 
most of the intellectual skills that are considered essential for 
learning science effectively. The skills we tested were very basic, 
but essential for success in our daily activities. The study found, 
as far as the students’ skills level was concerned, that: 
• 40% were unable to distinguish between descriptive and 

explanatory statements and between quantitative and 
qualitative statements.

• 45% had difficulties in basic mathematical skills.
• 70% were unable to use a simple equation, R = kc², which 

had to be applied twice, to do a simple calculation.
• 80% were unable to combine two simple equations (c = n/V 

and pV= nRT) so as to obtain the equation that relates c to p.
• 65% could not correctly deduce information from a simple 

graph of distance travelled versus time.
• 25% did not visualise three-dimensionally a drawing of a 

cube.
• 75% were unable to apply a simple law (the law of 

conservation of mass), which was given as a statement, to 
solve problems.

• 35% were unable to use direct proportion reasoning to do a 
simple calculation.

Intellectual skills and strategies are the 'tools' for all our mental 
activities. Competence in them would lead to more effective 
learning, whereas a lack of competence would seriously 
handicap students’ learning throughout their courses resulting 
in a lack of self-confidence. The greatest emphasis in most 
educational courses in South Africa, as is the case in many other 
countries, is on content knowledge training of students and not 
in the required intellectual skills and strategies. This is indeed a 
major shortcoming in our opinion because the development of 
students’ intellectual abilities should be an important objective 
of educational courses. The subject content memorised is often 
forgotten but the improvement in intellectual skills and abilities 

will be integral in helping us to solve problems we encounter 
in our daily lives. Much greater emphasis should therefore be 
placed, in all our science courses, on the development of the 
intellectual abilities of students. When starting any topic, teachers 
should first check (for example by testing students with short 
test items) whether students  are competent in the intellectual 
skills and strategies needed to learn that topic. The training in 
intellectual skills and strategies should be integrated with the 
teaching of subject content throughout the entire course. How 
such integration could be done is discussed, along with many 
other aspects, in an excellent resource book on thinking, edited 
by Costa11, which has 85 chapters written by different authors. 
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