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Abstract 
 
This research project, which was modeled on the constructivist theory of acquiring knowledge, 

and on recent recommendations regarding classroom instruction, investigated the impact of 

problem-based teaching and learning (PBTL) on the performance of high school mathematics 

learners. The effect of an intervention programme on an experimental group of students was 

compared with a control group by assessing their mathematical knowledge and skills; their 

procedural proficiency and conceptual development on varied mathematical contents; their skills 

in managing and controlling learning; and their views towards their learning programmes. The 

results obtained indicated that the experimental group indicated a higher conceptual 

understanding, an improved use of procedures, a higher level of managing and controlling 

learning, and positive views towards the programme and interest in the fundamentals of learning 

mathematics. An analysis of the data obtained by the on-progress instruments employed for the 

experimental group also indicated improved quality of participation and reflective thinking 

practices.  
 

Key Terms: Authentic assessment; Cooperative learning; Curriculum; discovery; Mathematical 

achievement; Mathematical performance; Meta-cognition/Self-regulation; Problem based; 

Problem solving. 
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Various techniques were used to analyze the data, including pre-test/post-test results, students’ self-

assessments and teacher assessments. The SPSS statistical package was, inter alia, utilised in this 

regard. 
  

1.6. Chapter division 
 
 The final dissertation report is organized as follows: 

 

Chapter 1: Introduction and orientation. 

Chapter 2: Literature survey – the nature and possibilities of PBTL. 

Chapter 3: Research design and research instruments. 

Chapter 4: The processing of the data. 

                        Chapter 5: Summary, conclusions and recommendations.





























 

 20 

others, suggests a judicious appropriate mixture of the didactic, discovery and enquiry methods 

relevant for each particular teaching and learning context. 

 

The emerging view proposes that students learn important aspects of mathematics more 

effectively when they receive the opportunity to use methods other than the traditional ‘learning-

by-example’ didactic method. In this respect Davis (1996:292) proposes a mathematical 

classroom situation that will call for students spending their time solving novel problems. After 

the students have invented solutions, they could be given the opportunity to reflect on what they 

have just done. Once students have developed their mathematical power through such innovative, 

reflective approaches, there should also be a classroom environment where they will be 

encouraged to pose additional problems, probably extending or modifying the original problem 

that they have just solved or posing their own problems (Fendel et al., 1997:11). According to 

Davis (1996:293), such an approach originally resulted in the historical invention of 

mathematical methods and procedures (e.g., Fourier Functions) in response to specific practical 

problems, methods of which the power have later become recognized as more generally 

applicable. 

  

In contrast to “mathematics as something you are taught first and apply second”, the NCTM in its 

Principles and Standards for School Mathematics (NCTM, 2000:3) suggested a new vision for 

school mathematics: 

 
“The curriculum is mathematically rich, offering students opportunities to learn 
important mathematical concepts and procedures with understanding . . . . Students 
confidently engage in complex mathematical tasks . . . . They draw on knowledge 
from a wide variety of mathematical topics, sometimes approaching the same 
problem from different mathematical perspectives or representing mathematics in 
different ways until they find methods that enable them to make progress. Teachers 
help students make, refine, and explore conjectures on the basis of evidence and use a 
variety of reasoning and proof techniques to conform or disprove these conjectures.”   

 
The document gives due attention to teacher preparation and empowerment for effective 

teaching. It outlines three tenets for effective teaching:  

 

(1) knowledge and understanding of mathematics, of students as learners, and pedagogical 

strategies;  

(2)  a challenging and supportive classroom learning environment; and 

 (3)  a continual search for improvement (NCTM, 2000:17-19).  
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The use of these instructional methods and the employment of context-rich tasks require teachers 

to have a thorough understanding why a particular instructional strategy is relevant for a 

particular task and for the mathematics embedded in the problems, and to be able to pose 

insightful questions to guide student thinking (Harris et al., 2001:316). Problematic situations 

will help students to devise different solution strategies and explanations which must be 

acknowledged from the instructional point of view. 

 

Teaching in such a situation calls for reflective thinking, that is, thinking thoroughly about the 

tasks students are engaged in, the nature of the questions and the questioning techniques 

employed, and also, thinking about the ways students use information and manage resources  to 

solve specific mathematical problems.  
 

2.6. Methods of instruction and strategies effective to the context 
 

2.6.1 Overview   
 
The distinction between rote learning and learning with understanding could be related to the 

type of instructional strategy employed (Black, 1999:120).  Learning with understanding is 

dependent on teaching for understanding and rote learning is related to transmission teaching. 

Teaching is effective when it results in important learning by students (Hopkins, 2002:146-148). 

Learning is important only when students can use the outcomes, when they can make sense of it 

in relation to their daily lives, or when it contributes to their learning (Leu, 2002:9). According to 

the Principles and Standards for School Mathematics (NCTM, 2000:20-21), conceptual 

understanding is an important component of proficiency, and learning with understanding as an 

essential ingredient to enable students to solve the new kinds of problems they will inevitably 

face in the future.  

 

However, these ideas call for appropriate instructional strategies and curriculum materials that fit 

the context. A key to achieving the above objectives is to promote reflective thinking, to 

communicate effectively about tasks, and to reflect on the process of learning (Van de Walle, 

1998:494). Moreover, students should be taught mathematics by means of problem-solving, and 

should be taught how to make use of information from their environment and from other sources 
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To achieve the above goals, teachers must be knowledgeable about teaching and learning styles. For 

example, the use of the teacher-centered, exposition-dominated traditional approach may not as such 

be effective. In sharp contrast to this ‘formal teaching style’ is the ‘informal teaching style’. This 

method emphasizes student-centered activities and the use of more open-ended tasks.  

 

Also, the traditional skill-based curriculum is in a sharp contrast to the new views and possibilities 

that call for a problem-based and concept-based curriculum. The latter curriculum demands teaching 

and learning methods that blend specific instructional methods and essential elements of learning. For 

example, PBTL blends fundamental instructional methods and strategies, such as cooperative and 

inquiry learning, problem-solving, discovery learning, and meta-cognitive strategies. 
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CHAPTER THREE 
 

   THE RESEARCH DESIGN AND RESEARCH INSTRUMENTS  
 

3.1. Introduction 
 
In order to determine whether PBTL has an effect on students’ performance in mathematics, an 

empirical study was undertaken. In planning the empirical study, it was necessary to state the 

problem, the basic questions and a hypothesis clearly, to identify an appropriate methodology, to 

design appropriate instruments, to schedule the research activities, as well as to select suitable 

participants for the research.  

 

This chapter will report on the way the data were gathered and processed, together with illustrations. 

A description will be given of the research design and why it was selected, and of the procedures 

followed in having the research project acknowledged by parents, school officials, and school 

districts. In order to reach valid conclusions a systematic and thorough organization, analysis, 

classification, and consolidation of the data were done, all of which will be explicated in this 

chapter. 
 

3.2. Research problem and hypothesis 
 
The traditional teacher-centered transmission approach regarding mathematics teaching and learning 

apparently results in mechanistic learning, memorization and the learning of isolated concepts and 

procedures. Furthermore, it has major pitfalls, amongst others, regarding students as a collection of 

individuals instead of acknowledging their abilities to construct their own knowledge, based on the 

interaction of their experiences with the world around them. A further outcome of transmission 

teaching is the lack of acquiring knowledge and skills, and poor performance and achievement. The 

entire teaching and learning process remains teacher-directed and regulated, and meta-cognitive 

strategies and student self-regulation remain undeveloped. 

 

Hence, the broad research problem was stated as follows: 

What is the effect of problem-based teaching and learning on students’ performance and 

achievement in mathematics? 





 

 38 

alphabetical order and coded with four digit numbers 0001 through 1082. However, a complete set 

was obtained for only 47 members of the experimental group and 45 members of the control group, 

totaling 92.     
 

3.3.2 Procedures 
 
The researcher first obtained permission from the district and the school principals as well as from 

the parents of the subjects to collect data and carryout the research. The researcher consulted the 

subjects’ parents using letters. At the beginning all the stakeholders of the programme who involved 

were informed about what the intervention programme is entailed. The subjects were told that they 

would probably be benefited from the programme. Moreover, the notion of informed consent was 

highlighted to make subjects feel confident about their involvement in the programme. After all 

these things have been settled, scheduled activities were begun to be practiced and implemented. 

 

The mathematical test (MT) and Learning and Study Strategies Inventory - High School version 

(LASSI-HS) were administered during the first and last weeks of the implementation of the 

programme. During the first administration of the LASSI-HS, translations into the mother tongue 

and rephrasing were possible whenever the respondents were not adequately clear about an item. 

This was to avoid language barriers when answering the questionnaire.  The reference test (RT) was 

administered as additional instrument during the third week of the last month in the intervention 

programme for both groups. This was for two major reasons: the first is that the nature of questions 

required students to employ their procedural and conceptual skills, and hence the teacher (the 

researcher in this case) needed time to analyse the students’ answers; the second reason was that the 

programme was near completion and the other instruments were administered during the last week, 

and students may have been bored.  The Programme End Evaluation Questionnaire (PEEQ) was 

administered during the last week of the intervention programme for both the experimental and the 

control groups.      

 

The on-progress instruments, namely the Portfolio of Evidence (PE) and the Cooperative Behaviour 

Checklist (CBC) had their own patterns of administering. The PE was the cumulation of the chapter-

end self-assessments arranged at the end of the five chapters of the teaching material. The CBC was 

employed throughout the intervention programme; however, the data used were only those gathered 

during the first and last weeks of the intervention programme. These instruments were unique to the 
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the Higher Diploma Programme (MoE, 2006). The scoring guide/rubric adapted from the MoE 

(2006) with modifications, was used to assess students’ reflective practices.  

 

Table 3.5 and table 3.6 below show a part representation of the chapter-end self-assessment format. 

(For more details see Appendix 5). 

 
 

Table 3.5: Partially represented chapter-end self-assessment format 
 
AREA PROGRAMME SELF ASSESSMENT- CHAPTER-1 

Circle one word to assess yourself in each area 
Teacher 
Ass’t 
(1-4) 

Reflective 
Activity/Diary 

POOR:  
Little 
reflection; 
very brief  
comments; 
not all 
reflective 
activities 
completed 

FAIR:  Some 
reflection; 
some longer 
comments 
with little 
relevance to 
the topic of 
discussion; 
some 
reflective 
activities 
completed 

GOOD : 
Good ability to 
reflect and to 
criticize; 
most reflective 
activities 
completed with 

good quality; 

discussion 

directly related 

to topic  

EXCELLENT: 
Well developed 
reflection, 
critical 
ability and self 
analysis; 
discussion 
relevant and 
related to the 
topic;  
all reflective 
activities 
completed 

 

. 
Continues 

     

TOTALS POOR (1) FAIR (2) GOOD (3) EXCELLENT 
(4) 

Teacher 
Ass’t 

Self Assessment  Out of 20______/20                                                                                                                                                          
Self Assessment  Total ________% 

____/20 
_____% 

 

Provision was made for students to assess themselves out of 20 (converted to 100) based on the 

above areas. The teacher is to evaluate students’ self-assessment for each chapter to confirm the 

assigned value or change it, by providing constructive feedback. For each of these areas students 

used a 4-point scale with performance indicators ranging from poor (1) to excellent (4). The detail is 

given in Appendix 6. 
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degrading of the data. Finally, at the reporting stage, the data were used as it happened to present 

valid information. The intention was to ensure that the research questions were answered by means 

of the appropriate use of the data available.  
 

3.4. Data analysis 
 
 

The mathematical test (MT) was designed to measure students’ understanding of mathematics from 

a wider perspective.  The results received by the students in the experimental group were compared 

to those of the students in the control group, both at the beginning and at the end of the intervention 

period. To ascertain whether the differences in the results were significant, a one way ANOVA 

analysis was applied. The reference test (RT) consisted of 20 procedural questions and 20 

conceptual questions which were correspondingly advanced from the procedural questions. The 

reference test was administered to both groups at the end of the programme. Once again a one-way 

ANOVA was run to compare the performances of the experimental and the control groups. 

 

The information obtained by means of the questionnaires was also tabulated and analyzed by means 

of a one way ANOVA. It was done for each of the ten subscales of the LASSI-HS. The portfolio of 

evidence was organized in the form of percentiles (out of 100) under the students’ self-assessment 

(SA) and teacher assessment (TA). Correlations between the students’ self-assessment (SA) and 

teacher assessment (TA) were calculated for each of the five chapters of the teaching material. 

Using this, the students’ progress in their reflective thinking along the consecutive chapters was 

assessed. Furthermore, the Programme End Evaluation Questionnaire (PEEQ) was administered to 

both groups at the end of the programme to ascertain students’ views on different components of the 

programme, areas of strength and areas for improvement, and its success as a whole. The closed 

questions were categorized, tabulated and analyzed under seven headings, namely, the programme, 

learning, assessment, time, resource, objective achievement, and programme overall evaluation.  

For the open-ended questions a descriptive approach was employed and responses were organized in 

relation to the nature of the question. This means that responses were organized under the categories 

of the three major questions, namely, best aspects of the programme, areas for improvement, and 

comments on the programme.  Finally, the cooperative behaviour checklist (CBC) was marked with 

(-) and (+) to indicate the quality of student participation in the three major areas mentioned. 

However, for analysis purposes, the results of the first and the last weeks of the intervention 

programme were used. In the end, the number of positives and negatives were counted for each 
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category and analyzed, using a one-way ANOVA. For doing the analyses, the statistical software 

package SPSS, version 13 was used. 
 

3.5 Summary 
 
Six instruments were used to verify the research hypothesis and to obtain answers to the broad 

research problem and the basic questions derived from the problem statement. The instruments were 

designed to measure the students’ knowledge, skills, attitudes, and views on the programme, the 

quality of their participation, their meta-cognitive and self-regulating strategies, and their ability to 

make conjectures, to formulate problems and to evaluate the results. For example, the LASSI-HS 

was designed to measure the students’ ability in applying their meta-cognitive and self-regulating 

learning mechanisms.  The CBC was designed to measure the degree of the students’ progress in 

respect of the quality of participation during cooperative learning. The PE, as an authentic 

assessment mechanism, was introduced to determine the correlation between student assessment 

(SA) and teacher assessment (TA) in their reflective thinking. Finally, the PEEQ was applied to 

investigate the programme’s success in general, and to identify areas of strength and areas for 

improvement, in particular. The MT and RT were developed from standard documents. These 

instruments were designed to purely measure the mathematical knowledge and the skills of the 

students. 
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CHAPTER FOUR 
 

 THE PROCESSING OF THE DATA 
 

4.1. Introduction 
 

The empirical data for this study were collected using different instruments that were applied at 

different occasions. The first group of instruments includes instruments that were administered 

either at the beginning of the experiment, or at the end, or at both. This group of instruments was 

administered for both the experimental and the control group of students. The second group includes 

instruments such as the cooperative behaviour checklist (CBC) and the portfolio of evidence (PE). 

These instruments were administered throughout the intervention programme for only the 

experimental group of students.  

 

The data collected by means of the above instruments will be organized, analyzed, classified, and 

consolidated in this chapter with the aim to identify areas of agreement and disagreement with 

research previously done. Also will the hypothesis presented in the study be tested, and conclusions 

will be made on the outcome of the results. 

 
The central question guiding the experimental research was: what is the effect of problem based 

teaching and learning (PBTL) on students’ performance and achievement in mathematics? In trying 

to determine this effect, the researcher asked specific questions. They were:  

 

(a) How will the introduction of PBTL to the mathematics classroom affect the overall performance 

and achievement of students?  

(b) What will the effect of PBTL be on the ability of students to identify, formulate and solve 

problems, and to evaluate the results? 

 (c) To what extent will the introduction of PBTL affect the students’ self-regulation and meta-

cognitive strategies?  

(d) What will the overall effect of PBTL be on the students’ motivation and self-confidence?  
 

The research hypothesis was also formulated from the research problem. It was stated as follows: 
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 The introduction of problem-based teaching and learning into the traditional mathematics classroom 

will result in improved student performance and achievement in mathematics. 
 

4.2 Data analysis and results 

4.2.1 The mathematical test (MT) 
 
The mean scores which the experimental and the control groups obtained in the mathematics pretest 

(MT) were compared by running a one-way ANOVA. The results of this analysis are given in table 

4.1. The F-value, F(1,90)=0.25, indicates that there was no significant difference in the performance 

of the two groups in the pre-test. This implies that the experimental and the control groups could be 

considered comparable concerning their level of mathematical knowledge and skills.   

 

The same test (MT) was administered as a post-test at the end of the intervention programme. Once 

again an ANOVA was run to compare the performance of the two groups. From the results it is 

evident that there was a significant difference in the post-test with the experimental group out-

performing the control group [F(1,90) =37.79, p<0.0001]. The results of the ANOVA analysis are 

also included in table 4.1. 

 

It is clear that both groups made a tremendous improvement in their mathematical performance 

during the intervention period. However, when the two groups were compared, the experimental 

group achieved a significantly higher mean score on the MT than the control group. 
 

The test was totally objective covering a large content area of the subject, consisting of core ideas of 

the middle grades to the end of grade nine. (For more details, see appendix 1.)  

 

Table 4.1: Differences in mathematical achievement between the experimental and the control 
                     groups (MT)  
 

 
Group 

Pre-test F Post-test F  
M SD (1,90)  M SD               (1,90)  

Control 38.34 8.66  
 0.25 

56.93 10.47  
        37.79 *** Experimental 37.43 8.85 69.98 9.77 

 
n= 47 for experimental and n=45 for control 
***p< 0.0001 
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4.2.2 The reference test (RT) 
 
The RT was administered at the end of the intervention programme as an additional instrument for 

both the experimental and the control groups. This test was designed to measure students’ ability in 

evaluating results, making conjectures and solving problems. (For more details, see appendix 2). A 

one-way ANOVA was run to compare the performances of the two groups on the twenty procedural 

questions (converted to 50), twenty conceptual questions (converted to 50) and the total sum of the 

procedural and conceptual questions (added up to 100). The results of this analysis are given in table 

4.2. From the results it is apparent that there was a significant difference between the experimental 

and control groups in both the procedural and conceptual question sections with the experimental 

group out-performing the control group at [F(1,90) =11.77, p<0.001 and F(1,90) =32.00, p<0.0001] 

respectively. The results further indicate that the means of the total (sum of the scores on the 

procedural and conceptual questions) are significantly different for the two groups with the 

experimental group performing better than the control group [F(1,90) =22.62, p<0.0001]. (Refer to 

Table 4.2.) 

 

         Table 4.2: Differences in mathematical achievement between experimental and  
                            control groups (RT) 
 

 
Test type 

Group F 
Control Experimental  

(1,90) M SD M SD 
Procedural 27.81 7.09 33.12 7.72 11.77** 
Conceptual 20.42 6.51 29.49 8.66 32.00*** 
Total score 48.23 12.59 62.61 16.1 22.62*** 

 
n=47 for experimental and n=45 for control. 
**p<0.001 
***p<0.0001 

 

4.2.3 The learning and study strategies inventory (LASSI-HS)  
 
 

The LASSI-HS was administered at the beginning and at the end of the intervention programme as 

an additional instrument for both groups. (For more details, see appendix 3.) Students’ responses to 

each of the ten scales of the LASSI-HS were compared by running a one-way ANOVA. The F-test 

results of the LASSI-HS for each of the ten scales are listed in table 4.3 for both the control and the 

experimental groups. The F-values, F(1,90)= 0.44 for the attitude scale,  F(1,90)= 0.22 for the 

motivation scale, F (1,90)= 0.07 for the time management scale, F(1,90)= 0.24 for the anxiety scale, 
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F (1,90)= 0.03 for the concentration scale, F(1,90)= 0.07 for the information processing scale, 

F(1,90)= 0.01 for the selecting the main ideas scale, F(1,90)= 0.00 for the study aid scale, F (1,90)=  

0.00 for the self-testing scale and F(1,90)= 0.75 for the test strategies scale, indicate that there was 

no significant difference in the self-regulating abilities and meta-cognitive skills of the two groups at 

the beginning of the programme.  This shows that the experimental and control groups could be 

taken as comparable concerning their self-regulating abilities and their skills on each of the ten self-

regulating scales. 

 

Table-4.3: Difference in self-regulation abilities in mathematics learning between the 
experimental and the control groups (LASSI-HS) 

 

 
 

Scale 

Group              F 
Control Experimental (1,90) 

Pre-test Post-test Pre-test Post-test  
Pre-test 

 
Post-test M SD M SD M SD M SD 

Attitude 2.83 1.34 2.59 1.27 2.62 1.29 3.50 1.25 0.44 11.95** 
Motivation 2.69 1.24 2.67 1.20 2.57 1.22 3.26 1.3 0.22 5.11* 

Time 
management 

 
2.70 

 
1.25 

 
2.56 

 
1.21 

 
2.77 

 
1.30 

 
3.06 

 
1.28 

 
0.07 

 
14.59** 

Anxiety 2.61 1.20 3.28 1.15 2.73 1.21 2.58 1.21 0.24 7.94* 
Concentration 2.57 1.21 2.48 1.26 2.53 1.24 3.50 1.32 0.03 14.18** 
Information 
processing 

 
2.56 

 
1.28 

 
2.62 

 
1.19 

 
2.63 

 
1.27 

 
3.49 

 
1.17 

 
0.07 

 
12.19** 

Selecting 
main ideas 

 
2.64 

 
1.27 

 
2.57 

 
1.21 

 
2.61 

 
1.31 

 
3.53 

 
1.17 

 
0.01 

 
15.24** 

Study aid 2.48 1.24 2.57 1.15 2.48 1.26 3.31 1.29 0.00 8.30* 
Self-testing 2.57 1.22 2.62 1.12 2.57 1.28 3.52 1.20 0.00 13.96** 

Test strategies 2.63 1.20 2.66 1.18 2.86 1.34 3.59 1.24 0.75 13.60** 
 
n=47 for experimental and n=45 for control 
*p<0.05  
**p<0.001  
 
A one-way ANOVA was also run to compare the students’ improvement in the LASSI-HS at the 

end of the programme. From the results displayed in table 4.3, it is obvious that there was a 

significant difference in each of the ten scales of the LASSI-HS between the means of the two 

groups, with the experimental group showing more improvement than the control group. Evidently, 

the F-values, [F(1,90)= 11.95, p<0.001] for the attitude scale, [F(1,90)= 5.11, p<0.05] for the 

motivation scale, [F(1,90)= 14.59, P<0.0001] for the time management scale, [F(1,90)= 7.94, 

p<0.05] for the anxiety scale, [F(1,90)= 14.18, p<0.001] for the concentration scale, [F(1,90)= 

12.19, p<0.001] for the information processing scale, [F(1,90)= 15.24, p<0.001] for selecting the 

main ideas scale, [F(1,90)= 8.30, p<0.05] for the study aid scale, [F(1,90)=  13.96, p<0.001] for the 
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self-testing scale and [F(1,90)= 13.60, p<0.001] for the test strategies scale, indicate that the 

students from the experimental group demonstrate a significant improvement on the LASSI-HS 

scale. 
 

4.2.4. On-progress instruments 
 

4.2.4.1. The cooperative behavior checklist (CBC) 
 

The instrument was used throughout the intervention programme for the experimental group only. 

This instrument was designed to measure the quality of participation in cooperative learning groups 

on three measures, namely, on-task, listening, and supporting. The analysis was done only during 

the first and the last weeks of the intervention programme by running a one-way ANOVA. The 

means of the positive and negative counts of these two weeks were compared for the three measures. 

It should be clear that ‘positive’ means ‘in parallel with the description of the measures’ and 

‘negative’ means an act manifested by a student that is not in line with the description of the 

measures. (For more details, see appendix 4.) The analysis of the cooperative behavior checklist is 

given in table 4.4.  
 
         Table 4.4:  Shifts in the quality of participation of the experimental group (CBC). 
 

 
Measure 

 
counts 

First week Last week    F 
M SD M SD (1,46) 

Listening Positive 
count 

 
13.14 

 
3.58 

 
41.57 

 
3.64 

 
216.80*** 

Negative 
count 

 
33.86 

 
3.58 

 
5.43 

 
3.64 

 
216.80*** 

On-task Positive 
count 

 
16.43 

 
15.13 

 
42.71 

 
2.21 

 
20.68** 

Negative 
count 

 
29.71 

 
16.53 

 
4.29 

 
2.21 

 
16.27** 

Supporting Positive 
count 

 
12.29 

 
4.75 

 
40.00 

 
3.11 

 
166.78*** 

Negative 
count 

 
34.71 

 
4.75 

 
7.00 

 
3.11 

 
166.78*** 

 
n=47 for the experimental group. 
**p<0.001 
***p<0.0001 
 

The F-test results indicate positive shifts in each of the three measures. It is evident that for listening 

there was a significant increase in the positive count from the first week to the last week of the 
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From table 4.6, it is evident that the experimental group of students evaluated the programme based 

on the PBTL approach as well-organized, the content was challenging, effective, useful in making a 

difference in learning, helpful in learning, effective in developing reflective thinking, and useful in 

role-model development [F(1,90) = 4.4 , P<0.001]. Similarly, a significant difference was observed 

in the category learning [F (1, 90) = 15.78, P<0.0001]. This shows that the PBTL helped the 

experimental group of students in developing their learning strategies and their responsibility, in 

making use of varied strategies in learning, in developing positive attitudes toward cooperative 

learning, and in being actively involved in their learning.  
 

A significant difference [F(1,90) = 24.00, P<0.0001] was also observed in the category assessment, 

with the experimental group of students evidencing a better understanding of   the role of continuous 

assessment, helpfulness of self-assessment mechanisms, usefulness of continuous assessment, and 

the role of continuous awareness of one’s performance. It is also clear that the experimental group 

evaluated the programme as effective in allocating sufficient time for task accomplishment [F(1, 90) 

= 5.33, P<0.001]. 
 

Furthermore, a significant difference [F(1,90) = 14.00, P<0.0001] was also observed in the category  

resources. In this regard, the experimental group evaluated the resources employed in the 

programme as more effective and important than the control group did. Significant differences were 

also observed in the last two categories evidencing confirmation of objective achievement and 

positive view on the programme. The experimental group confirmed that the intervention 

programme based on the PBTL approach was effective in developing basic skills, in improving 

performance, and in the level of mathematical knowledge. 

 

The second part of the questionnaire consisted of three open-ended questions which were analyzed 

in descriptive form.  The first question requested an answer on the best aspects of the programme, 

the second question required identifying areas for improvement, and the third question called for 

comments on the programme.  A summary of the responses is given in table 4.7. From the responses 

it is evident that the views of both the control and the experimental groups were quite incomparable. 

Clearly, the experimental group focused on the fundamental ideas of the learning programme, as 

compared to the control group who focused on routine and short-term goals. The conclusion here is 

that the PBTL-based intervention programme benefited the experimental group in developing 

positive attitudes towards mathematics and the learning of mathematics.   
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4.3. Discussion 
 

4.3.1 The students’ performance on the MT 
 
A comparison of the students’ performance in the mathematical test (MT) indicated that the 

experimental group performed better than the control group after the intervention programme. 

Apparently, these two groups of students were both the outcomes of the traditional teacher-

dominated and transmission-based instructional approach. Furthermore, these students were selected 

from the same public government school. During the intervention programme, the experimental 

group was involved in discovering relationships, inquiry mathematics, self-regulated problem-

solving, reflective practices, and so on, which are very helpful in developing critical thinking. On 

the other hand, the control group was taught by means of the traditional transmission-based 

approach, called ‘chalk and talk’. This implies that their focus in learning was more on the 

memorization of facts and procedures and on the mastering of rules.  

 

The MT covered a wide area of the mathematical content, as well as a broad area of mathematics 

problems. For example, it covered problem-solving, applications of mathematical ideas, basic 

properties, representations, algorithms, rules, and procedures. However, the data analysis and 

interpretation were not based on these contents and areas. There were two major reasons for this: the 

first, due to the range of the data and the challenge to manage it; the second reason, was to rather 

focus on the contents and areas mentioned as elements of the mathematical test and analyses thereof 

to reach a conclusion. Triangulation was believed to be a better means to come up with reliable and 

valid results. 

 

Although an improvement was observed within the groups themselves, a comparison between the 

results of the two groups revealed a significant difference. It therefore seems reasonable to conclude 

that the intervention programme on PBTL had a positive impact on students in the experimental 

group as far as the following aspects are concerned: the construction of sophisticated conceptual 

understandings that help to improve their problem-solving abilities, the use of representations, 

applying mathematics to the context, and the real understanding of algorithms, rules and procedures. 
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4.3.2 The students’ performance on the RT 
 
A comparison of the two groups of students indicated that the experimental group out-performed the 

control group on the procedural, the conceptual, and the sum of both the procedural and conceptual 

parts of the test. However, the difference in performance is much more relevant in the conceptual 

part than in the procedural part of the test.  

 

The questions on the conceptual part were correspondingly advanced from their procedural counter 

parts as was proposed by van de Walle (1998), Brumbaugh et al. (1997), and Koehler and Prior 

(1993). The results further indicated that students who were taught by means of the informal 

approach had a better chance to approach problems in the procedural part by moving back from the 

conceptual part. This implies that conceptual understanding helps learners to move back and forth, 

and relates the conceptual and procedural items and put the procedural questions as an element of 

the conclusion of the conceptual part. 

 

In summary, it seems reasonable to conclude that the experimental group was helped by the 

intervention to develop their conceptual understanding to a larger extent as compared to those 

students who were taught by means of the procedural oriented approach. Moreover, the 

experimental group seemed to be successful in the procedural part as well, due to their conceptual 

understanding creating opportunities for them to tackle procedural problems.   
 

4.3.3 The students’ self-regulation 
 
The F-test results listed in table 4.3 indicate that more significant changes were observed in the 

experimental group than in the control group on each of the ten scales of the LASSI-HS regarding a 

particular item concerning the way the student learns, studies, and feels about learning and studying.  

 

In this regard, the experimental group of students demonstrated a significant improvement on the 

‘anxiety’ scale. This improvement suggests that students taught by means of the PBTL were helped 

to release tension and develop a liking for mathematics.  A significant improvement on the attitude 

scale was also observed, indicating that the experimental group developed a more positive attitude 

towards mathematics than the control group.  
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The significant difference between the experimental and the control groups on the concentration 

scale indicated that the experimental group of students was helped by the PBTL approach to 

improve their concentration when doing mathematics, and also with their studies. Similarly, a 

significant improvement was observed in the experimental group’s information processing. This 

means that the experimental group improved by making use of strategies to elaborate and organize 

information, monitor comprehension and to relate new material to prior knowledge. 

 

The significant increase in the motivation scale scores indicated that the PBTL approach and 

material encouraged students’ motivation and helped them to shoulder the responsibility for their 

learning. Furthermore, the experimental group’s significant improvement in the study aid scale 

suggested that the PBTL was helpful in improving the students’ use and generation of diverse 

technical solutions and materials aimed at supporting and increasing meaningful learning and 

memorization. In the selecting main ideas scale as well, the experimental group made significant 

progress in selecting and identifying important ideas in the content they were dealing with, as 

compared to the control group. 

 

A comparison of students’ improvement in the self-testing scale indicated that the experimental 

group made more significant progress as compared to their control group counterparts. The result 

showed that students in the experimental group were much more conscious of monitoring or 

checking their understanding as they studied and revised the study material than the control group. It 

seems reasonable to conclude that the PBTL-approach helped the experimental group in making 

progress on this scale as well. Also, a significant difference was observed between the two groups in 

the time management scale. The result indicated that the experimental group was assisted by the 

PBTL-approach to make significant changes in creating and using schedules to organize and control 

their work progress. 

 

In the test strategies scale, the results indicated that the experimental group significantly employed 

important strategies during both test-preparation and test-taking, as compared to the control group.  

 

4.3.4 The students’ quality of participation 
 
This on-progress instrument was employed for the experimental group of students only, because the 

assurance of quality participation when students are engaged in cooperative learning is not in 
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accordance with the traditional teacher-dominated and transmission-based instructional approach 

which was used with the control group.  

 

The F-test results for the cooperative behaviour checklist (CBC) are listed for the three areas 

listening, supporting, and on-task during the first and the last weeks of the intervention programme, 

as displayed in table 4.4. These results indicate positive shifts in each of the areas. Although this 

instrument was used throughout the intervention programme, that is, from the first to the last week, 

the analysis and the interpretation of the data was carried out only for the first and the last weeks.  

 

 Listening.

 

 The students demonstrated a significant improvement from the first week through the 

consecutive weeks to the last week. This indicates that the students progressed from poor 

participation to being active listeners. This means that the students gave attention when others 

forwarded ideas, and took advantage of others’ ideas and the results of their investigation (McGlinn, 

1991; Hiebert et al., 1999).  Thus, the CBC incorporated in the PBTL-approach was also helpful in 

improving students’ quality of participation in group discussions and cooperative learning. 

On-task

 

. Significant improvement was also observed in this area. It was obvious that the PBTL-

approach contributed to a shift from a negligent type of involvement towards being active 

participants. This implies that students became duty conscious and felt responsible for the success of 

their group or the team in which they were working, and also for themselves.  

Supporting

 

. A significant shift was observed in the quality of participation from the first week to the 

last week of the intervention programme, indicating that the students developed a sense of team sprit 

in working in teams. Furthermore, students preferred working with others, negotiating ideas with 

team members and other teams. This also includes supporting others in the process of accomplishing 

tasks. Table 4.8 below summarizes the outcomes of the CBC. 
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In conclusion, the results in table 4.5 indicate that PBTL helped the students to be able to critically 

evaluate their work and to become critical at self-evaluation. 
  

4.3.6 The programme effectiveness evaluation 
 
 

The results in tables 4.6 and 4.7 indicate that there was a significant difference between the 

experimental and control groups in each of the seven areas, namely, programme, learning, 

assessment, time, resource, programme overall evaluation, and programme objective achievement 

as described in section 4.3.5. It is evident that the experimental group was more aware of the areas 

and developed a more positive outlook towards the programme. 

 

The responses to the open-ended questions given by the experimental and control groups could be 

categorized as ‘fundamental’ versus ‘routine’, respectively (see table 4.7). The researcher chose 

these concepts because the responses of the two groups were influenced by their experiences. The 

experimental group of students focused on fundamental ideas that are critical to learning. These 

students evaluated the programme from a psychological and philosophical point of view. For 

example, they evaluated the programme from the point of experiencing involvement and interaction, 

of meaningful learning and effective teaching, and of long range planning. On the other hand, the 

control group evaluated the programme in respect of immediate and short-term goals, such as good 

grades. However, this does not lead to and encourage lifelong learning. It relates to immediate 

achievement. For instance, most responses of the students in the control group seemed to originate 

from success in the exams, either at the local level or at the national level. In the discussion of the 

responses to three open-ended questions, it should be noted that the two groups came from the same 

school and were taught through the same instructional process, the ‘talk and chalk’ approach, 

throughout their school career. 
 

4.4 Summary 
 
 
The research was intended to answer four fundamental questions that were stated at the beginning of 

the research. The data analysis and results seem to warrant several conclusions in relation to these 

research questions. The first conclusion is that a problem-based teaching and learning (PBTL) 

approach to the teaching of mathematics in high schools does have a positive impact on the 

mathematical performance and achievement of the students. Significant improvements were 
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observed when comparisons were made between the mean scores of the experimental and control 

groups.  

 

The second conclusion is that the PBTL-approach to the teaching of mathematics to high school 

students has a positive impact on the students’ ability to identify, formulate, and solve problems, and 

to evaluate results. This was observed from the data obtained by means of the reference tests and the 

students’ work in the portfolios of evidence. 

 

The third conclusion is that a PBTL-approach has a positive effect on the students’ self-regulation 

and meta-cognitive strategies. The data obtained by means of the LASSI-HS and the analysis thereof 

suggest that the experimental group showed a significant improvement on the LASSI-HS, 

evidencing a higher degree of improvement than the control group, in all of the ten scales.  

 

The fourth conclusion is that a PBTL-approach has a positive effect on students’ motivation and 

self-confidence. The data obtained from the LASSI-HS indicated that there was a significant 

difference between the control group and the experimental group regarding motivational beliefs. 

Furthermore, the analysis of the PEEQ data suggests that a change took place in their self-

confidence to work with others, to do mathematics, and to be responsible and accountable for their 

learning. They also developed the confidence to shoulder responsibilities in their learning and to be 

able to take risks in their studies. 

 

The results of the PE analysis also evidenced that the PBTL-approach to mathematics improved 

their reflective thinking practices. Furthermore, the CBC results from the first and the last weeks of 

the intervention programme indicated that the students made great progress in their listening skills, 

their desire to support and to work with others, and to engage in mathematical tasks with 

concentration. It is clear that these two instruments were important devices in developing their meta-

cognitive skills and their reflective thinking in mathematics learning.  
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finding is consistent with the reports of Cobb et al., (1991) about “assessment of problem-centered 

for second graders”, Murray et al., (1998) about “learning through problem-solving”, Lampert 

(1989), about “teaching for understanding and developing mathematical power” in the intermediate 

grades, and Hiebert and Wearne (1992) about “conceptually based” instruction of the first graders. 

 

The second aim of this study was to determine the effect of PBTL on the ability of students in 

identifying, formulating and solving problems, and in evaluating results.  According to the results 

obtained, the experimental group of students performed significantly better (p<0.0001) than the 

control group in this regard. This research result is compatible with the findings reported by 

Carpenter, Fennema, Peterson, Chiang, and Loef (1989), Soled (1990), Fennema, Carpenter, and 

Peterson (1989), Heibert and Wearne (1992), and Cobb et al., (1991).  The latter observed that an 

experimental group of students outperformed the control group of students on measures of 

conceptual understanding and higher order applications. These results are indicative of the rejection 

of traditional teaching methods, and instead, calling for a constructivist learning theory.   

 

The third aim was to determine how PBTL will affect students’ self-regulation and meta-cognition. 

The data analysis showed a significant improvement in the experimental group regarding self-

regulated strategies, that is, ways of managing and controlling-(planning, monitoring and 

evaluating) processes. In this regard, significant improvement in mean scale values were observed 

for all ten the scales, namely, motivation, anxiety, study-aid, attitude, time-management, 

concentration, information-processing, selecting main ideas, self-testing, and test strategies.  

 

The data analysis of the portfolio of evidence (PE) showed that the percentage of variance between 

the students’ assessment (SA) and the teacher’s assessment (TA) increased through the chapters 1 to 

5, indicating an improvement in the students’ reflective practices, and their self-judgment being 

more realistic. This finding supports Van den Berg’s (2004) suspicion that the assessment 

dimensions (self-, peer-, and group assessment) as components of the PE, could stimulate reflection 

and meta-cognition. It had an impact on the improvement of the students’ self-regulating skills and 

in their knowledge of controlling their cognition, that is, in developing meta-cognition.  

 

The fourth aim was to test the effect of problem-based teaching and learning (PBTL) on students’ 

motivation and self-confidence. Analyses of the data obtained by means of the Cooperative 

Behaviour Checklist (CBC) and the Programme End Evaluation Questionnaire (PEEQ) were useful 
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5.3. Recommendations 
 
From the perspective of the findings of the research project the following recommendations are 

made:   

 

1. Students should comment on their own learning

 

.  Students should be given the opportunity to 

reflect on their own learning, because this was found essential in developing their meta-cognitive 

and self-regulating skills. There are several methods that can be used to provide students with the 

opportunity to comment on their learning, such as students’ portfolios of evidence, including the 

reflective diary, checklists, chapter-end progress self-assessment, and the completion of 

questionnaires.   

2. Every effort should be made to develop positive attitudes towards mathematics

                                                                                

.  Teachers should 

do their utmost to ensure that students develop positive attitudes towards mathematics by focusing 

on motivational skills, developing strategies for effective learning, developing resource management 

skills, developing skills to work with peers/colleagues cooperatively and, in general, teaching 

students to “learn how to learn”.  As a result of the intervention programme students developed 

positive attitudes, felt proud and confident in learning and doing mathematics, were interested in 

solving problems, and in the end, promised to carry on doing mathematics.  

3. School teachers and teacher educators should be involved in in-service training programmes

 

.  

There must be a transition from the traditional skill-based curriculum to a problem-based curriculum 

which enhances the students’ conceptual development. Teachers should be given the opportunity to 

master new instructional strategies. To make this transition, they need to be involved in in-service 

training programmes such as workshops and refresher courses, they should be given adequate 

preparation time, opportunities for team teaching, as well as opportunities for sharing their 

experiences with colleagues.     

The importance of the above-mentioned needs was evident from the comments of the students and 

the five teacher educators who were involved in the programme. They suggested that school 

teachers should be acquainted with the methods and philosophies of the programme (PBTL) they 

were engaged in.  
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4. There should be scheduled programme moderation

  

. Such an action would help to identify areas 

that need improvement, areas of strength, and directions that are helpful for future instructional 

processes. In relation to this, the moderator of the intervention programme commented as follows on 

the programme and, in particular, on students’ involvement, on the appropriateness of tasks, and on 

the organization and management of the portfolios:  

“My comments focus on students’ portfolio of evidence. I learnt that the portfolios 
meet the principles suggested by Reece and Walker (2003). To say it in other words, 
the portfolios are valid as they are directly related to the standard. They have the right 
authority as the evidences relate to the students’ own abilities. Moreover, the 
evidences are up-to-date. Last but not least, the evidences are sufficient enough. My 
second comments focus on the authenticity of assessment practices. I learnt that 
students have made self-assessments so as to show their progress. In other words, the 
students got an opportunity to reflect on their own learning. This shows they were 
responsible and accountable in selecting tasks, in assembling materials, in 
demonstrating and showing their thinking power and expressive skills.  They were 
able to put their insight on things they know and they do not know in a balanced and 
sensible way. All these make the portfolios informative enough. These are correct 
evidences of students’ progress and life learning. My final comment is, the 
programme should be built and planned in a sustainable manner for future 
generations.”  

 
5. Involve as many stakeholders as possible in the education community to build an intervention 

programme and to participate in the delivery thereof

                                                          

. Involve all the school community members in 

planning and running an intervention project and indicate the contribution expected from these 

bodies. The students involved in the experiment commented on this aspect and the literature also 

emphasizes its importance (see Projects SDMED, QUASAR and IMPACT). All of these 

stakeholders, the teacher, the students’ parents and other educational communities, can play a 

leading role in planning and running a project of this kind with the accompanying improvement of 

education.  

6. The mathematics curriculum has to focus on all-encompassing and integrated ideas. This kind of 

curriculum calls for an effective articulation between the theory and practice available in the realm 

of mathematics.  It should be based on new views and approaches rather than on the traditional 

positivist and transmission viewpoints.  It is proposed that the curriculum must focus on an 

‘informal teaching style’ which is in sharp contrast to a ‘formal teaching style.’  The informal 

teaching style emphasizes student-centered activities and the use of more open-ended tasks which 
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are negotiated with students. In this regard, the curriculum should blend teaching and learning 

methods that comprise several specific instructional methods. 

In such a curriculum, themes such as mathematical communication, reasoning and proof, 

connections, and problem-solving are all treated as an integral part of the curriculum.    Related 

activities have to encourage students to explore, develop, investigate and construct their 

mathematics ideas and concepts. 
 

5.4 Limitations of the study 
 
This study was a small-scale research project, investigating the effect of PBTL on the achievement 

of students in mathematics. This work is a stepping-stone for larger scale research, and can be 

regarded as initial research that may provide information on new views and possibilities in the areas 

of the mathematics curriculum and instruction. Further research, involving more participants and 

researchers, will provide and consolidate results that will have fundamental benefits for the 

educational community at large. 
 

5.5 Conclusions 
 
The programme which was developed and modeled on the philosophy of problem-based teaching 

and learning (PBTL) and the constructivist view of learning had a positive impact on students’ 

performance and achievement in mathematics.  Its major benefits included providing students with 

positive experiences in mathematics and increasing their future learning and involvement in 

mathematical activities.  It also contributed to the development of notions concerning the cognitive, 

meta-cognitive, and affective domains, and self-regulating skills, and the improvement of affective 

factors influencing students’ learning.  

 

It is believed that the findings obtained by means of this research project could have important 

implications for the educational system. The intervention programme evidenced that it is possible to 

reach nearly all students in the teaching of mathematics and to develop their confidence in their 

ability to do mathematics. This has the impact of empowering students to accept responsibility and 

accountability for their own learning, whereby showing their willingness to accept academic 

challenges and to grapple with the perplexing dilemmas they are confronted with. 
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                  other brother, Jon, is the difference between Sue’s and Michael’s ages. If the sum of all their  

                  ages is 36, how old is Jon? 

  A.  6  B.  12  C.  18  D.  None of A, B or C 

  9.  When 98312

  A.  1  B.  2  C.  7  D.  None of A, B or C 

 is changed to base 10 numeral, the hundreds digit is: 

 10.  What is X equal to for X represents area of the shaded region in the figure and all shapes  

                    are rectangles? 

 A.  24  B.  45   

C.  54                D.  None of A, B, or D 

 

  11.  N 








































































