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ABSTRACT– Students’ problem solving skills in physics can be achieved by an evolutionary process 

through the development of positives attitudes and approach in the acquisition of knowledge and 

learning. In this regard, a modified questionnaire by Mason and Singh has been employed. This 

questionnaire has been administered to 143 mainstream, 48 extended first year university physics 

students, as well as 5 physics tutors and 5 lecturers from a South African university. In the first part of 

the study, mainstream student responses to the questions from the survey were compared to that of 

the extended students; and in the second part of the study we had undertaken a quantitative and 

qualitative evaluation of tutor responses to the survey. Our results reveal that there are many areas for 

which there is a high correlation in learner responses between the extended and mainstream groups. 

In respect to the tutor responses, there is clearly a paradigm shift in their attitude and approach to 

problem solving in physics. It can be suggested that the mainstream student responses are more 

“expert-like” as compared to the “non-expert-like” responses from the extended students. However, it 

should be mentioned there are also similarities in their respective approaches to problem solving. 

Key words: Problem solving skills, mainstream, extended, tutors and competence. 

1. INTRODUCTION 

Students’ attitude and approach towards learning in physics is not only dependent on how concepts 

are robustly learnt but to the extent to which they develop a constructive attitude about their 

knowledge and understanding of the subject (Mason & Singh, 2010). So to become an expert in 

problem solving in physics, there needs to be “an evolution of expert like attitude about knowledge 

and learning in physics” (Mason & Singh, 2010). To unpack the hierarchical structure of problem 

solving, Toluk & Olkum (2002) and Cahskan, Selcuk & Erol (2010) had the following to say about 

problem solving: problem solving is defined as “a cognitive process that requires the memory to select 

the appropriate activities, employ them, and work systematically”. The effect of this is that the process 

can be systematically controlled to achieve the desired results. In a sense, to solve a physics problem, it 

is not about assembling disconnected facts and formulae (Mason & Singh, 2010) but an assembly of 

knowledge structures that are hierarchically organised and synthesised that conforms to the following 

processes (Johnson, 1994; Cahskan et al., 2010): 

1. Understanding of the problem,  

2. Planning, 

3. Application, and  

4. Looking back. 

 

There are distinct behaviour patterns that are quite noticeable between the approach of an expert and 

a novice with respect to their attitude and approach to problem solving. On the one hand, an expert 

problem solver analyses the problem (points 1 and 2 above) from the premise of a strong conceptual 

knowledge base before attempting to manipulate mathematical equations (point 3 above) appropriate 

to the problem and finally reflects on the validity of the answer (point 4 above). Novice problem solvers 

tackle physics problems without due consideration to conceptual analyses, but look for formulae that 

could solve their problem as a starting point. A typically observed behaviour from this approach is that 
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if one formula fails, they look for another formula until by elimination the chosen formula will yield the 

answer they are looking for. This behaviour is distinctly different from that of an expert, who thinks 

about the problem deeply and applies his/her sound knowledge and appropriate cognitive skills to 

move forward with a high degree of confidence (Finney, 2003). In the case of a novice, they categorise 

the problem based on surface features, stemming from a lack of deep conceptual understanding and a 

tendency to move backwards and forwards when solving a problem (Kuo, Hull & Gupta, 2013). Another 

feature that is characteristic of an expert like behaviour is that they are continually evaluating their 

answering styles as well as finding justification for their final answer (Taale, 2011).  The question that 

always crops up when solving problem in physics is the level of mathematics that is required. The 

integration of mathematics into physics problem solving is a given norm. This is aptly put forward by 

Meli et al (2015) who says that there is “a wide spectrum of epistemological framings that entangle 

mathematics and physics”.  

Problem solving has implications on time management. According to Schoenfeld (1989) and Mason & 

Singh (2010), students easily give up if they are unable to solve a problem within 5-10 minutes. This 

stems from the fact that lecturers generally present solutions on the chalk board without a struggle 

(prepared prior to lesson) and this gives the sense that if a problem is given, it should fluently done by 

the student as was done by the lecturer. Likewise, if they are unable to solve the problem, they should 

give up. To counteract this thinking, Schoenfeld (1989) devised a strategy to delineate this type 

thinking by trying to do problems of an abstract nature on the board to show them that even the 

lecturers do struggle to solve problems at the first attempt. This kind of approach has improved their 

problem solving skills and their attitudes and approaches towards problem solving in general. 

In this paper, we have used a survey questionnaire by Mason & Singh (2010) to explore the differences 

in the attitude and approach to problem solving between the various stakeholders in education, such 

as the extended physics, mainstream physic groups, tutors and the lecturers. The purpose was to gauge 

if there was any levels of similarity or disjuncture in the way they approached problem solving in 

physics.  

2. PURPOSE OF THE STUDY 

The purpose of this study was: 

1. To get an insight into the students’ attitude and approaches to problem solving from the perspective 

of both the extended and mainstream physics learners, and 

2. To get an insight into the attitude and approaches of both the tutors and lecturers towards problem 

solving in Physics from a stance that both are “experts” at different levels of knowledge acquisition, 

experience and learning.  

   

3. METHODS 

3.1 Participants 

A sample consisting of 143 mainstream and 48 extended first year university physics students 

participated in this study. A further 5 students, who are senior tutors (in possession of Master’s degree 

or engaged with B. Tech studies) for these respective groups also participated in this study. Prior to the 

administration of the questionnaire, students were informed that the study was voluntary and that 

they would not be disadvantaged in any way in their participation. Permission was sought from both 

the learners and the lecturers of the respective classes before our administration of the questionnaire. 

To get a more expert-like view of problem solving, the questionnaire was also administered to 5 

lecturers. 
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3.2 Instrument and Procedure  

This study made use of a slightly modified version of the original questionnaire originally developed by 

Professors Mason and Singh from the University of Pittsburgh in the USA. We had sought permission 

from these authors to use their questionnaire in its modified format. A modified version of this 

questionnaire was given to Professor Singh for comments and approval. This instrument which 

comprised of 31 questions, had a 5-point frequency response in the format of Strongly Disagree, 

Disagree, Neutral, Agree to Strongly Agree. The instrument is an ideal instrument to measure problem 

solving skills in particular to Physics. Statistical analysis of the items in the questionnaire are reported in 

terms of mean values. The students took approximately 10 minutes to complete the questionnaire. 

In respect to tutor participation, they were first given a Physics problem (mainstream curriculum) at 

their competence level, which was taken from the learner study material, after which they had to 

complete the same problem solving questionnaire which was administered to the mainstream and 

extended students. On completion of such a questionnaire, which reflected their approaches and 

attitudes towards problem solving in Physics and then were given another physics problem from the 

extended physics curriculum to complete. After such a task, the same questionnaire was then 

administered to them to reflect their approaches and attitudes when exposed to a problem of an 

extended nature. For qualitative evaluation, students were interviewed and asked to highlight the 

questions (with written explanations) that provided a different view of thought. The lecturers, who are 

meant to be “experts” in Physics problem solving were also given the questionnaire to complete.     

 

4. CONCEPTUAL FRAMEWORK  

The organogram showed how each group tackled the questionnaire. 

 

 

 

 

 

 

 

 

 

 

In terms of the conceptual framework for this study, a model similarly used by Mason & Singh (2009) 

has been used here. Students’ responses to the questionnaire between the extended group and 

mainstream groups are compared. Further, differences in the attitudes and approaches of the 

mainstream students solving problems at an extended level and at their competence levels are 

explored. According to the model of Mason & Singh, it was found that graduate students (in this case 

mainstream students) have a different attitude and approach when solving introductory physics 

problems (in this case extended physics problems) compared to solving problems at their competence 

level. To get an “expert like” response, lecturers were also assessed. 

Questionnaire 
Lecturer Extended 

physics group 

Mainstream 
physics group 

Tutor 
Physics 

Problem 1 
Physics 

Problem 2 
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In respect to the tutors, another model, called the Colorado Attitudes about Science Survey (CLASS) 

(Adams, Perkins, Podolefsky, Dubson, Finkelstein & Wieman (2006)) has been used. In respect to this 

model, the same questionnaire has been used twice, once when tutors are given a problem of an 

extended nature (Physics Problem 1) and again later after completing a problem at their competence 

level (Physics Problem 2). 

 

5. RESULTS AND DISCUSSION OF RESULTS 

Table 1 shows the mean scores for the mainstream and extended physics groups of the questionnaire 

items given in the annexure 1. It must be mentioned that the options Strongly Disagree and Disagree 

were combined as one as well as Strongly Agree and Agree. These mean values were compared to the 

“expert like” responses of the Faculty members from the Physics department of the University of 

Pittsburgh (Mason & Singh, 2010).  In the last column, the letter E means that the mean score for the 

extended group is higher than the mean score for the mainstream group, the letter M means that the 

mean score for the mainstream is higher than the mean score for the extended group and S means that 

the means scores between the extended and the mainstream groups are almost the same. 

 Mean scores for the Extended and Mainstream Physics Students 

Items Extended Physics students Mainstream Physics students Change 

Agree/Strongly 
Agree 

Neutral Disagree/Strongly 
Disagree 

Agree/Strongly 
Agree 

Neutral Disagree/Strongly 
Disagree 

1 3.80 0.19 0.17 3.99 0.15 0.54 S 

2 2.10 0.94 0.31 3.22 0.48 0.16 M 

3 4.29 0.13 0.13 3.79 0.29 0.17 E 

4 3.64 0.25 0.12 3.77 0.25 0.11 S 

5 4.18 0.13 0.17 3.66 0.27 0.18 E 

6 1.31 0.44 0.85 1.25 0.52 0.70 S 

7 3.58 0.38 0.15 3.58 0.31 0.15 S 

8 4.26 0.06 0.12 3.55 0.42 0.16 E 

9 2.72 0.69 0.23 2.60 0.86 0.17 S 

10 2.93 0.50 0.29 3.18 0.48 0.21 M 

11 1.48 0.38 0.81 1.85 0.46 0.57 M 

12 3.69 0.44 0.12 3.76 0.21 0.17 S 

13 3.85 0.19 0.21 3.18 0.34 0.30 E 

14 3.00 0.63 0.19 3.22 0.57 0.18 M 

15 2.53 0.69 0.31 3.23 0.41 0.26 M 

16 2.19 0.44 0.59 1.77 0.71 0.46 E 

17 1.52 0.69 0.65 3.39 0.38 0.23 M 

18 1.61 0.44 0.73 2.85 0.40 0.37 M 

19 2.65 0.69 0.33 2.31 0.78 0.30 E 

20 3.71 0.13 0.23 3.38 0.38 0.21 E 

21 3.83 0.38 0.08 4.05 0.25 0.07 M 

22 2.71 0.25 0.48 2.82 0.38 0.37 S 

23 2.42 0.25 0.59 1.90 0.40 0.58 E 

24 4.02 0.13 0.17 3.44 0.40 0.13 E 

25 3.96 0.38 0.08 3.85 0.34 0.11 S 

26 2.96 0.31 0.34 3.03 0.40 0.25 M 

27 1.80 0.75 0.60 3.17 0.59 0.75 M 

28 3.79 0.19 0.25 4.02 0.21 0.08 M 

29 4.25 0.13 0.08 3.96 0.34 0.16 E 

30 2.29 0.69 0.42 2.08 0.76 0.49 E 

31 2.35 0.50 0.56 2.62 0.65 0.34 M 
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5.1 Comparisons of the responses between the mainstream and extended physics groups 

A comparison of the favourable responses from the mainstream to that of the extended group for 

selected questions (2, 3, 5, 8, 15, 16, 17, 18, 27, 13, 23 and 24), show a range of variances in the mean 

scores. For example, in Question 2, the mean score for a favourable response from the mainstream 

group is 3.22 while that from the extended group is 2.10. What’s interesting between the mainstream 

and extended physics learners’ attitude towards problem solving is that there appears to be fairly 

equally divided. This means that there is no dominance of an “expert like” approach to problem solving 

between the groups at the face value of observation. However, from a more fundamental point of 

view, in questions 17, 18 and 27, for which there are large discrepancies in the mean scores, the 

mainstream students’ stance on problem solving in physics appears to be in par with that of expert like 

view. For questions such as 2, 8, 13 and 24, the extended physics students have achieved much higher 

mean scores compared to the mainstream physics students.  

These problems reflect the magnitude of the problems experienced by these learners and although a 

favourable response but to the detriment of the learners in respect to problem solving. They are more 

likely to seek help when they struggle to solve a homework problem in physics. An interesting 

trajectory from their responses is that in Question 8 which asks about alternate ways of solving a 

physics problem, they seem to have many ways. The many ways of solving a problem could be 

experimental since at their level of expertise, they lack insight into more complex ways of solving a 

problem. Their response to Question 13, which relates to the amount of time spent on using different 

approaches to get an answer and unsure on which answer is correct, their dilemma is to figure out 

which approach is correct. This can only be achieved through the development of a sound conceptual 

base, coupled with a positive attitude about the knowledge and learning in physics (Mason & Singh, 

2010). Hence from a non- “expert like” perspective, much time is wasted in this regard. 

In what follows is the response from the tutors with regard to problem solving, after attempting a 

physics problem at their conceptual level and a physics problem from the extended curriculum. 

5.2 Tutor responses to the survey questionnaire after attempting a physics problem at their 

competence level 

The first problem that was given to the tutors, which was taken from the mainstream physics 

curriculum, is shown below:  

Problem 1 

Two trains A and B of length 500m each are moving on two opposite parallel tracks with a uniform 

velocity of 80 kmhr-1 in the same direction, but with train A ahead of train B. The driver of train B 

decides to overtake train A and then accelerates by 2 ms-2. If after 45 seconds, the guard of train B just 

brushes past the driver of train A, what was the original distance between them? 

The tutors, in spite of being good tutors, have been challenged by this problem. At most, they were 

successful in converting 80 kmhr-1 to 22 ms-1. One student was able to get the distance of 2025m for 

the distance between trains A and B, but failed to subtract the lengths (500m + 500m) of the trains to 

get the original distance between them. Some of the learners were on the right track, but because of 

incorrect speed calculation, they arrived at an incorrect answer. 

Immediately after solving this problem, the tutors were given the survey questionnaire to complete. 

After completing the survey questionnaire, they were then given another problem from the extended 

physics curriculum. 

Problem 2 
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A body with an initial velocity of 8 m.s-1 moves with a constant acceleration and travels 640 m in 16 s. 

Calculate the 

2.1 Average velocity of the body during the 40 s interval. 

2.2 Final velocity of the body in 40 s. 

2.3 Acceleration of the body in 40 s. 

The tutor’ response to this question was much more encouraging, compared to their response to 

problem 1. Most students were able to correctly calculate the average velocity of the body in 40 s. In 

attempting to find the final velocity, some students mistakenly used 16 s seconds instead of 40 seconds 

and likewise used this time to find the acceleration of the body. 

Immediately after this problem, the tutors were then given the survey questionnaire for the second 

time to complete.  

5.2.1 Comparison of the tutor responses to the survey questionnaire after completing the physics 

problems 

Table 2 gives the before and after response to the survey questionnaire on completion of the above 

stated physics problems. In the last column, the minus sign means that the attempt in the second 

problem was lower and the plus sign means that the attempt in the second problem is better. If “same” 

is used, then the perceptions about problem solving in both surveys are almost the same. The numbers 

indicated in bold are the expected responses from Prof Mason and Singh’s group. 

Tutor responses after the first and second physics problem 

Items Response after completing the 1st physics problem Response after completing the 2nd physics problem Change 
Agree/Strongly 

Agree 
Neutral Disagree/Strongly 

Disagree 
Agree/Strongly 

Agree 
Neutral Disagree/Strongly 

Disagree 

1 4.66 0 0 3.17 0 0.67 - 

2 4.50 0 0 4.66 0 0 + 

3 4.16 0 0.33 3.83 0 0.16 - 

4 4.82 0 0 4.83 0 0 Same 

5 4.16 0 0.33 3.33 0 0.49 - 

6 0 0 1.16 0.67 0 1.00 Same 

7 3.67 0 0.49 3.17 0 0.33 - 

8 4.50 0 0 4.50 0 0 Same 

9 3.00 0.50 0.16 3.67 0 0.16 + 

10 3.67 0 0.16 3.67 0 0.16 Same 

11 1.50 0 1.16 3.83 0 0.33 + 

12 3.33 0 0.49 4.50 0 0 + 

13 2.00 0 1.00 3.00 0.5 0.16 + 

14 4.00 0.50 0 5.00 0 0 + 

15 3.33 0 0.33 2.67 0 0.49 - 

16 1.33 0 1.00 2.83 0 0.49 + 

17 3.67 0 0.16 3.50 0 0.33 Same 

18 2.83 0.50 0.33 2.83 0.5 0.33 Same 

19 3.00 0.50 0.16 2.50 0 0.49 - 

20 4.66 0 0 4.16 0 0.16 - 

21 5.00 0 0 5.00 0 0 Same 

22 2.16 0 0.5 1.33 0 0.67 - 

23 0.83 0 1.00 1.67 0 1.00 + 

24 4.83 0 0 4.83 0 0 - 

25 5.00 0 0 4.83 0 0 - 
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26 2.16 0 0.66 2.16 0 0.52 Same 

27 2.83 1.00 0 3.50 0 0.16 + 

28 5.00 0 0 5.00 0 0 Same 

29 5.00 0 0 4.83 0 0 - 

30 0.67 0.50 0.83 2.67 0 0.33 + 

31 1.66 0.50 0 3.33 0 0.33 + 

 

5.2.2 Comparisons of the tutors’ response after attempting a physics problem at their competence 

level and a physics problem at the extended level 

Comparison of the mean scores between the two problem solving opportunities suggests that the 

tutors are still developing their expertise at their competence level. In Table 2, we have a fair balance 

between a plus score, a minus score and an even score. Unfortunately, we do not have an 

overwhelming plus score, as was anticipated from these learners (mainstream). However, it must be 

mentioned that even though they have displayed some confidence in solving problems of an extended 

nature, this is not entirely reflected in the survey questionnaire. Of the questions that reflect a plus 

score (2, 9, 10-14, 16, 23, 27, 30 and 31), are questions typically what a graduate student is expected to 

comply with at their level of competence.  In respect to Question 16, for which the mean score is high, 

it asks whether equations needs to be intuitive before being used.  It is assumed from their response 

that they have freedom to use them routely and without recourse especially when tackling a problem 

of an extended nature. However, this may not be the scenario when using equations at a higher level, 

where an intuitive sense need to prevail. In response to Question 30, which inquired about solving 

problems with symbols, it appears that even these tutors appear to prefer problems that are numerical 

in nature. It seems that these learners have not matured sufficiently or have not developed sufficiently 

from a similar perception held at school level about problem solving.   

5.2.3 Interviews and written responses from tutors regarding their views and problem solving 

strategies 

Tutors were required to identify five questions from the survey questionnaire that revealed a markedly 

different opinion between the two surveys. Of the questions identified, question 15 was frequently 

repeated amongst the tutors. The reasons postulated were: 

Tutor 1: “There are some questions which are straight forward, with no need to a free body diagram”. 

Tutor 2: “For a question which needs more maths, more equations are needed, and not necessarily a 

sketch”. 

A visual description helps to solve a physics problem and tutors are correct in that not all physics 

problems (insight into problem solving) require a free body diagram, as with the nature of the 

extended physics problem in this case.  

Another question that was identified was question 29, the tutor postulated the following reasons for 

selecting this question:  

“If my solution to a problem is wrong, tracking back to find out what went wrong could just be a waste 

of time as the method or approach used might be wrong”. 

The reason for this response could be that they are unsure of what to do (as with the problem at their 

competence level), backtracking could be a futile exercise.  

In response to Question 5, the tutor gave the following reasons: 

“Problem solving is beyond just getting a numerical value but understanding of the concepts and 

principles could offer a better solution to the problem”. 
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Between the 2 problems, it is clear that one physics problem required substitution of a numerical 

nature, while the other problem required more insight before numerical values were substituted into 

the equations. 

Another question that was identified was question 31, for which a tutor gave the following reason: 

“Using symbols to solve a physics problem makes it easier to handle the problem especially when the 

numbers required to be inserted are quite large”. 

Using symbols to solve physics problems are more preferred by graduate students or students in their 

advanced level of studies. Substituting for them is just a formality, whilst at a lower level the key issue 

is identifying the correct equation and then substitution brings about another dimension to problem 

solving. 

5.3 Lecturers’ responses to the survey questionnaire compared to that given by the mainstream and 

extended students 

The lecturers’ responses to the survey questionnaire are given in the Table 3 below. The numbers 

indicated in bold are the expected responses from Prof Mason and Singh’s group.  

Table 3: Lecturer’s responses to the survey questionnaire.  

Item Agree to Strongly 
Agree 

Neutral Disagree to Strongly 
Disagree 

1 4.2 0 0 

2 4.6 0 0 

3 4.8 0 0 

4 5 0 0 

5 2 0 1 

6 1 0 1.2 

7 3.6 0 0.4 

8 4.6 0 0 

9 4.6 0 0 

10 4.4 0 0 

11 1 0 1 

12 4 0 0.4 

13 2.8 0 0.8 

14 4.8 0 0 

15 5 0 0 

16 3.8 0 0.2 

17 4.6 0 0 

18 4.6 0 0 

19 2.4 0.6 0.4 

20 4.6 0 0 

21 4.8 0 0 

22 2.8 0 0.6 

23 1.8 0 0.8 

24 4.8 0 0 

25 4.6 0 0 

26 3.8 0.6 0 

27 4.8 0 0 

28 4.8 0 0 

29 4.8 0 0 
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30 2.4 0.6 0.4 

31 4.4 0 0 

 

A glimpse of the responses reveal that the options given by the extended, mainstream and the 

lecturers are almost a perfect match, in that if any one group gave the expected (or unexpected) 

option, it was correspondingly given by the other groups as well. A comparison of these scores with an 

internationally benchmarked response from Mason & Singh (2010) reveal that 22 out 31 responses are 

almost coincidal.  The lecturers seem to be off track on the following questions: 1, 3, 5, 8, 11, 12, 16, 23 

and 30. There appears to be disagreement in answers for the following questions: 3, 5, 8, 11, 12, 16, 23 

and 30. A closer examination reveal that South African learners (and lecturers) take problem solving 

very seriously and do not give up easily. For example, in Question 23, which states that if a learner is 

unable to solve a physics problem, they easily give up, this is not so for South African learners since 

they push on for solutions, no matter how long it takes. In a quest for solutions to a physics problem, it 

is of interest to note that South African learners are undeterred by problems involving symbols 

(Question 30) and display confidence in explaining why an equation is used to solve a particular 

problem in physics. South African learners know few ways of solving a physics problem compared to 

international learners that have many ways of tackling a similar problem (Question 8). On the aspect of 

handling a physics problem, it is not the mathematics that is crucial for South African learners, it is the 

process of getting there.  

6. SUMMARY AND CONCLUSION 

We have used the survey questionnaire by Singh and Mason (2010) to determine the attitude and 

approaches by South African learners towards problem solving in physics. A comparative study was 

done to compare responses between the mainstream and extended physics students. Further, the 

tutors were evaluated differently, in that they were first given a physics problem at their competence 

level followed by the survey questionnaire and subsequently given a physics problem of an extended 

nature followed by the same questionnaire. The lecturers to these groups of students were also given 

the same questionnaire. 

The attitude of both the mainstream and extended students towards problem solving in physics 

appears to be fairly equally divided at their respective levels of competence. At face value, the 

extended students appear to know more physics solving methods than the mainstream students. The 

consequence of this is that students will be moving backwards and forwards to figure which method is 

correct, thus losing a lot time in this process. The reason why this happens is due to the fact that their 

conceptual knowledge is shallow. Most mainstream students draw free body diagrams as part of their 

conceptual framework, but in the case of extended students this may not be intuitive. 

In terms of enjoyment, it is the mainstream students that derive the most pleasure in solving 

challenging problems (Question 27). This happens because their approach follows the unpacking of 

problem solving strategies, through deep thinking and reflecting on the validity of the solutions. In the 

case of the extended students, they look at which formula best fits their variables. This approach is 

counter intuitive because it lacks conceptual understanding. Of the questions that the extended 

students achieved a higher mean score than the mainstream students, are questions (2, 8, 13 and 24) 

that required a lower level of competence and were regarded as trivial by the mainstream students.  

In respect of tutors’ responses to the physics problems and the questionnaire, their attempts at 

problem solving appears to be expert like for their attempt of the physics problem taken from the 

extended curriculum. However, they appeared to be struggling with a physics problem at their 

competence level. This may be symptomatic of attempting a problem without prior notification and at 

the first attempt. This reminiscent of how Schoenfeld (1989)   attempted to remedy the situation, 
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nonetheless their problem solving skills appears to be evolutionary, gauged from their problem solving 

strategies. What is interesting in how they tackled the extended physics problem, are signs their 

problem solving skills are at another level. They appear to use equations routinely and without 

intuition. Question 15, which indicates that not all problems require a free body diagram, they found 

no justification for that, especially to problems that require mere substitution (symbolic or numeric).   

The lecturers’ responses concur with the mainstream and the extended students’ responses but must 

be interpreted with respect since they have a sound conceptual knowledge base. Even though they 

may differ with the internationally expected choices, their reasons may be justified. For example, if one 

looks at the questions that show a disparity in their choices (1, 3, 5, 8, 11, 12, 16, 23 and 30), are 

questions of a lower nature, and maybe not considered crucial for South African educators. In 

particular, it is these questions that the extended students would consider to be more important. Since 

only 5 lecturers were given the questionnaire to complete, these results might differ if a larger cohort 

of lecturers were evaluated.  

REFERENCES 
Adams, W., Perkins, N., Podolefsky, M., Dubson, M., Finkelstein, N., & Wieman, C. (2006). New instrument for 

measuring student beliefs about physics and learning physics: The Colorado Learning Attitudes about 

Science Survey, Phys. Rev. ST Phys. Educ. Res. 2, 010101. 

Cahskan, S., Selcuk, G. S., & Erol, M. (2010). Effects of the problem solving strategies instruction on the students’ 

physics problem solving performances and strategy usage. Procedia Social and Behavioural Sciences, 2, 

2239-2243. 

Johnson, S. D. (1994). Research on problem solving instruction: What works, What doesn’t.? The Technology 

Teacher, 53 (8), 27-29. 

Kuo, E., Hull, M. M., Gupta, A., & Elby, A. (2013). How students blend conceptual and formal mathematical 

reasoning in solving physics problems. Science Education, 97(1), 32-57. 

Mason, A., & Singh, C. (2010). Surveying graduate students’ attitude and approaches to problem solving.  

Singh, C. & Mason, A. (2009). Physics graduate students’ attitudes and approaches to problem solving, AIP Conf. 

Proc. 1179, 273. 

Physical Review Special Topics – Physics Education Research, 6, 020124-1. 

Meli, K., Zacharos, K., & Koliopoulos, D. (2015). Integration of Mathematics in Physics Problem Solving: A Case 

Study of Greek Upper Secondary School Students. Canadian Journal of Science, Mathematics and 

Technology Education, 48-63. 

Schoenfeld, A.  (1989). Handbook for Research on Mathematics Teaching and learning, 334-370. 

Taale, K. D. (2011). Improving physics problem solving skills of students of Somanya Senior High Secondary 

Technical School in the Yilo Krobo District of Eastern Region of Ghana. Journal of Education and Practice, 

2, 8-20.  

Toluk, Z., & Olkun, S. (2002). Turkiye’de matematik egitiminde problem cozme: Ilkogretim1 -5. Kuram ve 

Uygulmada Egitim Bilimleri, 2, 567-561. 

 

Annexure 1: Attitudes and Approaches to Problem Solving Survey 
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1 If I am not sure of the correct way to start a problem, I seek help 
from the teacher or anybody else 

     

2 When solving physics problems, I make approximations that are 
appropriate to the physical world 

     

3 When solving physics problems, being able to handle the 
mathematics is the most important part of the process 

     

4 When solving physics problems, I usually identify the physics 
principles involved before looking for the appropriate equations to 
use 

     

5 Problem solving means matching the given problem to the correct 
equations and substituting values to arrive at a numerical answer  

     

6 In solving problems in physics, no matter how much effort I put in 
solving the problem, my first impression is that the answer is wrong 

     

7 In trying to solve a physics problem not seen before, I look for an 
equation and try to understand what each term represents and see 
how it matches the given problem 

     

8 There are usually many ways of solving a physics problem and that 
depends on your approach 

     

9 My approach to solving ALL problems relating to conservation of 
linear momentum is quite similar even if the physical situation is 
very different 

     

10 If I am not sure about the correct approach to solving a physics 
problem, I reflect on all the topics and principles taught in class 
before tackling the problem 

     

11 When solving a physics problem, I do not have to explain why I am 
using an equation to solve the problem 

     

12 There are many equations in physics, each of which is available for a 
specific situation 

     

13 If I use different approaches to solve the same problem, and if I get 
different answers, then a lot of time is wasted in figuring out which 
approach is valid   

     

14 When I solve a physics problem, I am consciously aware of the 
concepts that underline the problem 

     

15 When I solve a problem in physics, I usually draw free body 
diagrams/pictures/sketches that depicts the problem 

     

16 With problems that require conceptual explanation, I usually my 
own intuitive meaning instead of physics principles to answer the 
question 

     

17 I also draw free body diagrams/pictures/sketches when answering 
multiple choice questions 

     

18 I am in the habit of drawing free body diagrams/pictures/sketches 
for a problem even if I am not rewarded for it 

     

19 Because of the nature in which multiple choice questions are set, I      
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sometimes scratch off answers or explanations that may be required 
for such work 

20 After solving a homework problem in physics, I spend some time 
reflecting on the solution and my understanding of the section 

     

21 After solving many physics problems using the same principle in 
different contexts, I should be able to solve such problems in other 
situations such tests or examinations 

     

22 If I solve a physics problem and it does not give me the expected 
answers, then considerable time is lost in trying to find out what is 
wrong in order to rectify the solution  

     

23 If I cannot solve a physics problem in 10 minutes, then I give up and 
move on to the next problem 

     

24 If I struggle to solve a homework physics problem, I then discuss the 
nature of the problem with my peers 

     

25 If I fail to answer a test or homework physics problem, I then make 
every effort to learn from my mistakes and to avoid such mistakes in 
the near future 

     

26 I feel that I will not benefit from doing many simple problems 
without solving more difficult or challenging problems following a 
more systematic approach 

     

27 I derive personal enjoyment from solving problem in physics of a 
more challenging nature 

     

28 If one approach to solve a physics problem fails, I try different 
approaches to solve the same problem 

     

29 If my solution to a physics problem is wrong, I back track to find out 
what went wrong 

     

30 It is much more difficult to solve a physics problem with symbols 
than solving an identical problem with numbers 

     

31 When solving a physics problem, I prefer to use symbols before 
plugging in the numbers at the end of the problem 

     

 


