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ABSTRACT 
Learners’ problem-solving in mathematics is often problematic for both the learners 
and teachers and this needs to be addressed by applying relevant skills and strategies 
in the teaching and learning of mathematics. Meta-cognitive skills and strategies 
acquisition is vital for a learner’s academic success and particularly in mathematics 
problem-solving. The paper investigates the relevance of learners’ use of meta-
cognitive skills and strategies in mathematics problem-solving. A qualitative approach 
was used, including a case-study design; observation and semi-structured interviews 
were used to collect data. Four rural schools, four mathematics teachers and four 
learners from different schools (one from each school) were selected for the study. 
Content analysis was used to analyze the data together with verbal quotes that 
supported themes that emerged. The aim was to obtain condensed and broad 
descriptions of the phenomena. The findings revealed that learners’ use of meta-
cognitive skills and strategies, such as task analysis, planning, monitoring, checking and 
reflection, self and group-monitoring skills, reading and writing skills, self-regulation 
skills (SR) and self-assessment (SA) helped them in mathematics problem-solving. The 
learners could also solve problems more easily through group discussions and thinking 
about their own thinking. Recommendations were made to benefit learners and further 
improve their use of meta-cognition for successful problem-solving. 

Keywords: mathematics, meta-cognitive skills, self-regulation, self-assessment, 
teaching and learning, problem-solving 

 

INTRODUCTION 
Learners’ poor mathematics performance in problem-solving in schools is both of national and international 
concern. Certainly researchers (Ahuja, 2006; Witterholt, Goedhart & Suhre, 2016) argue that many mathematics 
educators lack adequate mathematical content knowledge hence their inability to raise their learners’ performance 
to the highest level in mathematics problem-solving. This concern is often expressed in the small number of learners 
who enroll for mathematics in South Africa in the Further Education and Training (FET) phase owing to their prior 
inadequate achievement in mathematics (DoE, 2010; Maree, Olivier & Swanepoel, 2004). Further afield, the 
mathematical background of students entering universities in countries such as Australia, the USA, the UK and 
Ireland has also been found to be a problem since it serves as an entry requirement for certain countries (Rylands 
& Coady, 2008). 

Learners throughout the world need to acquire different kinds of skills and strategies to help them solve their 
mathematics problems successfully (Witterholt et al., 2016; Lai 2011). Relevant literature has shown that in many 
countries such as Ghana, Botswana, Morocco, including South Africa, learners perform inadequately in 
mathematics as compared to their international counterparts (TIMSS 2003 & 2007). This is attributed to a number 
of traditional approaches used in teaching and learning in schools (Feza-Piyose, 2012; Setati & Barwell, 2008; Webb 
& Austin 2009). It is thus a matter of urgency that learners be equipped with relevant knowledge skills and 
strategies as one way to address this problem. In the current development of the education system, creation of an 
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environment conducive to meta-cognitive skills and strategies application in problem-solving in learning is vitally 
important for the academic achievement of learners, especially in the rural areas of any country. This is because 
many rural schools are neglected in terms of human and material resources (Setati & Barwell, 2008; Webb & Austin, 
2009). Such skills and strategies used by learners in problem-solving extend beyond the mathematics classroom 
and can include other areas of learning. While current bodies of literature focus on either skills or strategies applied 
in mathematics problem-solving and appropriate reflective activities, this paper looks at both and the effect thereof 
on the lives of rural school learners. 

This qualitative study involved classroom observation and interviews held with four participating learners in 
senior-phase (Grades 7-9) mathematics classes and considered the relevance of their use of meta-cognitive skills 
and strategies in mathematics problem-solving which they exhibited. It demonstrates the necessity for learners to 
use meta-cognitive skills and strategies in problem-solving. 

Metacognitive Skills 
Metacognitive skills in most cases involves learners’ individual skills such as self-regulation skills, self-

assessment , monitoring and planning, and their ability to assess themselves whether the learning strategies they 
are using are effective to help solve the problem at hand (Mevarech & Kramarski, 2003; Veenman, 2006). Learners 
use their metacognitive skills to assess many things in life in order to improve their learning abilities. For example, 
they use it to assess their level of achievement in learning, determine alternate strategies to solve a problem at hand, 
select the most appropriate strategy, and then re-assess the level of achievement in their lives. To improve learner’s 
metacognitive skills in learning, metacognition teaching process is required (Amin & Sukestiyarno, 2015). In most 
cases, learners should decide which strategy to use in solving a problem based on their attempts through the help 
of their teachers. According Kramarski, Mevarech and Aramaic (2002), the main elements of metacognition is either 
encouraging or teaching learners to work in small groups in order to reason mathematically, formulate and answer 
a series of questions or tasks metacognitively in problem-solving. 

In South Africa today, education is moving towards a policy of inclusion whereby every learner has the right 
to quality and equal education (Engelbrecht, Green, Naicker & Engelbrecht, 2004). The South African National 
Curriculum Statement (DoE, 2002) stipulates that social transformation in schools is vital in South Africa and 
therefore aims to ensure that there are equal opportunities for all learners by removing all artificial barriers to 
learning (DoE, 2003:2-4). 

Researchers such as Christiansen, Howson and Otte (1984: 49) see the importance of mathematics as a 
foundation for advancement in technology by claiming that “living a normal life at the close of the twentieth 
century in many parts of the world requires everyday use of mathematics of some kind”. Ebrahim (2010: 1) concurs 
with English (2007: 123-125) who says that “mathematics is a necessity for societal, technological and cultural 
growth” and that “skills such as analysing and transforming complex data sets, along with an understanding and 
application of school mathematics in general, serves as a basis for mathematical problem-solving in life”. According 
to the Federation of Australian Scientific and Technological Societies, Science and Technology for Social, 
Environmental and Economic Benefit of Australia (2009), any country that has a population with a high level of 
mathematics skills as well as scientific literacy, helps to maximize scientific and technological innovation which 
ultimately enhances the standard of living and reduces poverty in communities. It also allows nations to be 
internationally competitive with regards to their economy, hence learners’ need for the effective use of meta-
cognitive application in problem-solving. Therefore, assisting learners to acquire metacognitive skills and strategies 
is worthwhile initiative that must be adopted by every country to improve skill acquisition of its own citizens for 
self-sustainability and development.  

Contribution of this paper to the literature 

• The article extend the existing research on the application of the cognitive developmental, behavioural and 
social constructivist theories on the activities of the learners concerning skills acquisition. 

• The findings of this study projects the meta-cognitive skills and strategies that empowers learners to 
organize their thought processes to refine their problem-solving skills in mathematics that are integral to 
achieving school learning outcomes. 

• The findings affirm learners’ use of monitoring and self-assessment strategies as tools to monitor their 
comprehension of a mathematical problem by checking their mistakes when using the problem-solving 
approach. 
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META-COGNITION AND ITS BENEFITS 
Flavell (1976) first introduced the word ‘meta-cognition’ in the United States of America. The term ‘meta-

cognition’ refers to the individual’s awareness and ability to think critically, that is, thinking about their own 
thinking, employing reflective judgment, consideration and control of his or her own cognitive processes and 
strategies (Flavell, 1976: 232). The concept ‘meta-cognition’ was introduced to assist both gifted and disabled 
learners with memory development and reflective thinking, especially in the area of literacy and problem-solving. 
Thereafter it spread worldwide (Flavell, 1976). Wilson (1998) concurs in that meta-cognition should be assessed 
within the mathematical arena to increase the quality thereof when being taught in order to enable learners to 
develop their thinking abilities regarding problem-solving. Panaoura and Philippou (2007) indicate that Flavell 
(1976) further distinguishes between three major categories of factors or variables in meta-cognition, namely: 
person, task and strategy, all of which exhibit meta-cognitive skills. According to them, the “person” category 
includes everything that a person believes about himself/herself in executing a task together with the assistance of 
other people as cognitive processors for self-regulation development (Panaoura & Philippou, 2007). They go further 
to say that humans do not live in isolation but rather in communion and cooperation, and that each operates 
cognitively as an organism to acquire knowledge and skills through thinking about his/her own thinking for 
further development in problem-solving. Learners therefore need to work together through meta-cognition and 
use all the necessary regulation skills and strategies in order to solve the problem at hand.  

Whitebread et al. (2009) expand on the above by stating that the “task” category in the form of reading and 
writing, concerns any observable information accessible to a person during a cognitive scheme for development of 
self, as well as emotional and motivational regulation skills development in problem-solving. It is believed that 
when learners embark on the implementation of writing skills, their understanding of the problem at hand moves 
to a higher level. They are therefore able to identify additional skills and strategies that can be used efficiently by 
them to solve the problem at hand, and further reflect on their thinking during the problem-solving process 
encountered in class (Knox, 2017). Performing different tasks at a particular time entails different mental operations 
coupled with developmental stages; this leads to the effective application of meta-cognitive skills and strategies 
through thinking about one’s own thinking in order to affect the outcome of any intellectual undertaking 
(Whitebread et al., 2009).  

Meta-cognition application enhances learners’ skills and further promotes teachers’ content knowledge through 
thinking about their own thinking in learning (Posthuma, 2011; Fischer, 1998). To achieve a particular goal one 
needs basic cognitive knowledge (Livingston, 1997). In this regard, the strategy category, as indicated by Panaoura 
and Philippou (2007), includes a great deal of knowledge that can be acquired, depending on what skills and 
strategies are likely to be effective in achieving set goals and depending on what sort of cognitive undertakings one 
engages when problem solving during learning. 

For a better understanding of meta-cognitive application in learning skills and strategies that help to achieve 
the outcome of one’s goal or problem, it is necessary to explain learning skills and strategies first as used in this 
study. ‘Learning skills’ refers to any skillful activities, methods or expertise that help learners in problem-solving 
whereas the term ‘learning strategies’ refers to “behaviours or actions which learners use to make mathematics 
learning in problem-solving more successful, self-directed and enjoyable” (Oxford, 1989: 235-239).  

In Singapore, the mathematics curriculum has included meta-cognition as one of the five key components 
essential for the development of mathematical problem-solving (Yoong, 2002).  

Dawson (2008: 3) states that “meta-cognitive strategies are usually conceptualized as an interrelated set of 
competencies for learning and thinking and include many of the skills required for active learning, critical thinking, 
reflective judgment, problem-solving, and decision making”. In other words, learners who have well-developed 
meta-cognitive skills through thinking about their own thinking are better problem solvers, decision makers and 
critical thinkers, all of which improve their learning skills. Meta-cognition is therefore an important aspect of 
student learning, and the development of meta-cognitive skills and strategies gives students the ability to better 
organize their thought processes and to refine their thinking skills in problem-solving (Joseph 2010; Knox, 2017; 
Schraw & Graham, 1997). Livingston (1997) maintains that basic cognitive knowledge is required to achieve a 
particular goal; it guides an individual to achieve a goal in a learning situation. Furthermore, the appropriate use 
of meta-cognitive skills/strategies helps individuals to gain knowledge and intellectual abilities that guide and 
direct intellectual processes in learning (Gok 2010; Knox, 2017; Lai 2011). It further assists learners not to struggle 
with communicating the steps taken to solve the problem at hand. They must further be able to explain why those 
steps are valid in executing the action when it comes to conceptual reasoning with mathematics or the problem-
solving process. 

When learners reflect on their own achievement through thinking about their own thinking, this can be 
regarded as an aspect of their higher-order reasoning and reflective questioning as an element of meta-cognition; 
both elements help improve their learning abilities or help develop their meta-cognitive abilities (Jagals, 2013; 
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Strawderman, 2010). Philosophers, such as Dewey (1998), refer to conscious reflective activities whereby learners 
conceptualize their knowledge and experiences through rethinking and evaluation of their efforts for a better 
outcome or improvement (Bormotova, 2010). It is against this background regarding the relevant use of meta-
cognitive skills and strategies in mathematics problem-solving among rural school learners that the present study 
wanted to establish the impact of learners’ meta-cognitive application on mathematics problem-solving. 

OBJECTIVE OF THE STUDY 
The present study sought to investigate the relevance of learners’ use of meta-cognitive skills and strategies in 

problem-solving in four selected schools of the Eastern Cape Province. The objective of the study is to establish 
how learners use of meta-cognitive skills and strategies by rural schools learners assist them in mathematics 
problem-solving. The main research question addressed in this paper is: What is the role of these skills and 
strategies in the learners’ mathematics problem-solving strategies? 

CONCEPTUAL THEORETICAL FRAMEWORK 
The concepts of meta-cognition and mathematics problem-solving have to be combined and framed by a reliable 

theory that supports and directs learners’ learning of mathematics in the rural schools. In this regard, the three 
concepts that constitute the conceptual theoretical framework of this study include:  

Cognitive Developmental theory (Piaget, 1973), Behavioural theory (Bruner, 1966) and Social Constructivism 
theory of learning (Vygotsky, 1978) are illustrated in Figure 1 which indicates their relationship. 

A discussion below shows how each of these concepts focus on learners’ use of meta-cognition in solving 
mathematical problems as well as the elucidation of the relationships between the concepts. The discussion further 
explains the empirical and theoretical knowledge that demonstrates the combination and interweaving of these 
theories as discussed below. 

Cognitive Developmental Theory 
The study is based on a theoretical framework regarding learners’ use of meta-cognitive skills and strategies in 

solving mathematical problems in class, based on their actions, activities and methods used in teaching/learning 
in the rural schools of the Eastern Cape Province of South Africa. In this regard, the main theory guiding this study 
is the Cognitive Developmental theory of Piaget (Piaget, 1973), supported by the Behavioural theory (Bruner, 1966) 
and Vygotsky’s Social Constructivism theory of learning (1978). These theories explains that if children are allowed 
to practice, and further engage in a series of practical activities and discourse, they will gain mastery and be in 
control of the tasks set before them. The application of these theories to an educational perspective focuses on the 
activities of the learner with regard to skills acquisition. For meta-cognition application to happen, learners are 
supposed to reach out to the higher levels of reflection of their actions through thinking about their own thinking 
as an example of meta-cognition in order to justify their use of meta-cognition in problem-solving (Bormotova, 
2010). The development of meta-cognitive skills and strategies gives students the ability to better organize their 
thought processes and to refine their thinking skills in mathematics problem-solving, both of which are important 
to lifelong development of academic achievement (Knox, 2017; Schraw & Graham, 1997). This therefore supports 
rural learners where there are lack of human and material resources at their disposal. 

Behavioural Theory 
Bruner (1966), a philosopher of learning, views the purpose of education as promoting and developing learners 

intellectually and socially, as well as developing moral growth of individuals’ ability to construct knowledge for 
themselves in order to create a strong democratic society. He was mostly concerned with problem-solving 

 
Figure 1. Constructivist approach to meta-cognition 
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situations, that is, how people think about their own thinking when faced with real and relevant life problems. His 
interest was based on discovery learning whereby learners mostly use their cognitive knowledge when faced with 
problems in life in order to develop themselves as people since learning is very important in the cognitive 
development of a child (Bruner 1966; Mokhaba 1993). This theory refers to how people think or reflect when faced 
with real-life problems in order to find a solution to the problem. In this regard, Dewey (1933:17) states that it is 
reflection “that emancipates us from merely impulsive and routine activity and enables us to direct our activities 
with foresight and to plan according to ends-in-view, or purposes of which we are aware. It enables us to act in 
deliberate and intentional fashion to know what we are about when we act. This means that when rural schools 
learners are developed with meta-cognitive skills and strategies, they will be self-motivated in finding solutions to 
their daily routine problem-solving activities at all times. 

Social Constructivism 
Henson (2004) states that constructivism is a theory that describes how learning occurs in a real-life situation. 

Vygotsky (1978) states that the key to understanding the nature of human consciousness in learning includes 
thinking, communication and interaction. In this regard, social constructivism is based on specific assumptions of 
reality, learning and knowledge (Kim 2001) and the way in which knowledge is constructed and applied 
spontaneously in problem-solving (Cooperstein & Kocevar-Weidinger, 2004). Relevant literature substantiates the 
fact that a unique attribute of social constructivism is that learning and problem-solving are seen as the central, 
unavoidable part of the philosophy of mathematics (Ernest, 1998). Knowledge acquisition in life through successful 
learning is simply the outcome of mutual social interactions between people/learners in a social setting where 
diverse cultures, discourse and context are important factors in understanding each other (Kim, 2001). This helps 
learners to take responsibility for their own learning in order to solve life’s problems successfully in a spontaneous 
manner (Cooperstein & Kocevar-Weidinger, 2004; Posthuma et al., 2015). In the current dispensation, quality 
education involves mastering of specific knowledge, skills and strategies, and the development of the learner’s 
abilities in problem-solving (Dolya, 2010). Social constructivism theory, in a real sense, helps us to understand how 
people learn and construct knowledge in social contexts to solve a problem, thus, they learn from each other and 
develop new ideas through thinking about their own thinking. Mathematics problem-solving therefore requires 
thinking in order to apply relevant skills and strategies for successful execution of the problem. 

METHODS 

Research Design 
The research design adopted for this study was an exploratory qualitative research design. This is based on an 

interpretivist paradigm as it seems to fit the description of the purpose as well as the framework of this study 
(Nieuwenhuis in Maree 2007; Cecez-Kecmanovic, 2011). The sample comprised of four rural schools, four 
mathematics teachers and four learners for this study. Learners’ efforts at sense-making and the relevance of using 
meta-cognitive skills and strategies were sought through observation and interviews, hence the exploratory design. 
In this study, skills and strategies used in solving the problem were observed and video-taped showing the 
spontaneous meta-cognitive actions applied and which pertained to solving the problem successfully based on the 
mathematical problems given to them by their teachers. These were checked and scrutinized carefully to enable the 
researcher to understand the social reality of meta-cognition as a phenomenon and to interpret the reasons for 
participants’ actions and thoughts about solving mathematical problems meta-cognitively. The interpretation and 
explanations of the qualitative data obtained in this study were of a social constructivist nature since learners 
undertook a number of activities in mathematical problem-solving on integers. 

Sampled Participants 
In this study, 4 teachers; males =2 and females=2, and 4 learners; boys =2 and girls=2 were purposefully selected 

and were observed during teachers’ teaching and learners’ learning of mathematics in their classrooms. The 
selected participants comprised only senior phase (grades 7-9) mathematics educators as well as learners in the 
rural schools of Lusikisiki District. Four schools were also selected purposely based on their geographical location 
however, considered to be amongst the best performing schools in the district. The schools were selected based on 
cluster sampling method. Human and material resources in the selected schools as well as the proficiency of the 
teachers were taken into consideration during sampling. 
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Instruments 
Two instruments were used to collect data in two stages. These consisted of classroom observations and 

individual, semi-structured interviews. A pilot study was first conducted to check the usability of the instrument 
before the main study. 

Procedures 
The selected teachers were not the target of this study but to assist the researcher achieve his objective of the 

study by observing learners on how they solve mathematics problems using meta-cognitive skills and strategies 
when the teachers were teaching. The researcher further observed how the use of meta-cognitive skills and 
strategies by the learners assisted them solve mathematics problems amicably given to them by their teachers 
during teaching and learning in class. For example, during class intervention on the number line, their teachers 
directed them (learners) on how to plan either individually or collaboratively right from the beginning of problem-
solving and assist their colleagues in drawing or listing of some concepts that helped in solving the problem without 
difficulties. Teachers called some learners to do some number line illustrations on the chalkboard about how they 
solve problems on integers without the help of their teachers. Learners were first observed in their various 
classrooms during teachers’ lesson presentations to check the above stated points on how they solve problems in 
all those selected schools in this study. They were observed in order to check the way in which they used meta-
cognition in their mathematics problems on integers. Learners did many illustrations on the board to assist their 
colleagues understand how they could easily solve problems on integers through planning, monitoring of their 
procedures, follow-up questions and self-reflection. In the interview session (stage 2), participants answered semi-
structured questions regarding their attitude towards mathematics problem-solving before and after intervention 
strategies. This was done in order to explore the mathematics confidence that learners develop based on their 
experience(s) with mathematics as well as actions and strategies employed to solve mathematics problems. Three 
types of qualitative questions were asked: main questions, probes (or exploring questions) and follow-up questions 
(Bormotova, 2010; Jagals, 2013). The research assistant explained these questions to the learners in their mother 
where necessary. In this regard, the following semi-structured interview questions were asked: 

1. What steps do you as a learner usually take to understand a concept or a problem spontaneously if you did 
not understand it during lesson presentation by your teacher? 

2. In what ways does your questioning style with peers help you in mathematics problem-solving? 
3. How does the group-discussion/cooperative learning among you as learners, spontaneously contribute to 

meta-cognition application in mathematics problem-solving in class? 
4. How does the use of learning aids support your understanding of mathematics problems? 
5. What kind kind of meta-cognitive skills and strategies do you use in mathematics problem-solving? 
6. What is the role of these meta-cognitive skills and strategies in your mathematics problem-solving 

strategies? 

Ethical Issues 
Permission was first obtained from the Eastern Cape Department of Basic Education and the relevant authorities 

of the participating districts, schools and participants before the study was conducted. Consent forms were given 
to the adult learners as well as the parents of those who were under eighteen years of age in order to document 
formally their consent to participate in the study. In this study, confidentiality was also ensured by asking 
participants not to mention their names during interviews or write their names on any document during data 
collection. 

Data Analysis 
Data were analysed through grouping of responses into categories or themes. Through open coding, the 

researcher identified categories and themes on similar content that learners should know about, understand and 
be able to apply (Nieuwenhuis, 2007). For example: Learning must start from what we know to unknown, Teaching 
and learning of mathematics must relate to our environment in our experience, Learners must be involved in lesson 
presentations, Discussions always help us in our problem-solving, Use concrete objects when teaching so that they 
can play with anytime they are playing, Teachers must try to make your lessons practical. 
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FINDINGS 
Learners indicated many activities that they undertook on their own and with the help of their teachers as meta-

cognitive skills and strategies that helped them to understand mathematics concepts easily as discussed below. 
This further indicated the importance of the use of meta-cognition for learners in schools. Some of the activities 
included: Thinking aloud when solving problems individually or in groups, mmonitoring their comprehension 
when solving problems in group discussions; developing reflective habits when solving problems; using the 
internet to search for information for their assignments; thinking about their own thinking and monitoring their 
comprehension when solving problems; always providing solutions to problems themselves in the first place and 
later showing the results to other people to check the steps or procedure as well as the answers to see whether they 
were correct or wrong; but if their answers were wrong, these learners always explained to them by showing them 
where they had made a mistake or mistakes. Here are some of the problem-solving questions: For examples “If the 
product of 6 integers is negative, at most how many of the integers can be negative?”; Let a, b and c be positive 
integers. If a + b=4, b + c=8 and c + a=6. What is the value of a x b x c? 

The learners indicated that they had to think very deep before they could get answers to the above problems. 
For instance, in example 1, some learners indicated that they took any five positive numbers and a negative number. 
Moreover, they had to check the number of times the negative number when multiplied by a positive number, gives 
an answer to a negative number. They added that they ended up getting five negative numbers as the answer. 
Furthermore, they did the same trial-and-error activities in example two before they got their answers to be (a=1; 
b=3 and c=5) and therefore, a x b x c gives an answer to be 15. This, they said, normally helped them a great deal to 
understand concepts or ways of solving mathematics problems. They further indicated that they had group 
discussions to assist them in understanding the problem at hand. They also indicated that they usually solicited 
different opinions and demonstrations which were then monitored by either their teachers in class or any of their 
seniors in high schools who understood what they are attempting. This, they said, helped them to develop an 
ongoing interest in learning mathematics. This was evident in the asking of questions that developed their 
understanding of mathematics. They also indicated that the use of meta-cognitive skills and strategies such as 
planning, self-monitoring, reflection and self-monitoring of problem solving steps helped them immensely to 
understand many mathematical concepts which they did not know before as indicated in the extract below. 

The following excerpt from a learner’s response to supports the above statement: 
Learner 2: 

If we can’t remember the formula, in our group we divide ourselves into two then one will try this 
method and the other one will try another method even if it is wrong. So we go on trying until we get 
the correct answer and that group will explain to the rest how they did it. We all go back to check the 
method, the steps and everything to see and if we are satisfy, we use it to check the other group that is 
wrong to see where the the mistake is and later we explain to the whole group if it our turn. 

In the current study, it could be inferred that individual learners in the Senior Phase used meta-cognitive skills 
and strategies repeatedly to solve mathematical problems. Evidence supporting this statement includes: Learners 
going to the chalk-board to do additions and subtractions of integers using illustrations and learning aids; learners 
forming groups to discuss how to solve the problem among themselves, including the procedure to solve the 
problem and with some of the quicker learners assisting slower learners, and learners challenging others on the 
procedure(s) used to solve the problem at hand spontaneously. From the observations, learners in some cases, who 
finished their work earlier, could go forward to share their ideas with lower learners.  

The findings from the learners’ direct responses concerning monitoring and evaluation strategies used in 
problem-solving in this study revealed that learners actually did use monitoring and self-assessment strategies to 
monitor their comprehension of a problem through checking all their initial mistakes they committed during 
problem-solving. They then made some relevant changes in their discussions, as verbally indicated in the statement 
made above. The following examples of responses from two learners support the above statement: 

Learner 1: 

That is, when we we we are doing any activity in class as a group, we we try the first method to to to 
work the problem but if if we we we don’t get the correct answer, we nor nor normally asked ourselves 
questions like: What is the problem? What is iwrong with this method? What else did we have to do 
that we did not do initially? What can we do again? Can we go back and check the ways we did it or 
the processes to see where the mistake is? So we stop and go back to check our mistakes. If there are no 
mistakes, we we we just say let us change our method or use different approach or methods to see 
whether we will get the answer. When we do that and get the correct answer by chance, then we say 
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you see, this where we made the mistake so we correct it and we always remember and use that formula 
for similar activities.  

An interesting issue observed is that one learner indicated that she usually became discouraged when, on one 
occasion, her teacher told the class to go and search for information by themselves; she found it difficult to obtain 
the information without the necessary skills and strategies. 

One learner had this to say: 

Given an opportunity to explore is is something that helps you as a learners who is studying because 
it helps you to get answers to a problem at hand without fear or favour from anybody. This helps you 
to be independent in finding a solution to a problem and this helps you more to develop or improve or 
acquire more skills and strategies of solving problems which, at the end of the day, improve your 
thinking ability in learning. I think if all learners will be allowed to to to do that, I think it will improve 
our cognitive ability or skills of finding solutions to a problem so the government should encourage 
that in all schools rather than teachers spoon feeding learners in classrooms. 

DISCUSSION 

Meta-cognitive Skills and Strategies Application Help Learners in Mathematics Problem-
solving 

There is a prominent body of empirical and theoretical knowledge that demonstrates the positive outcomes of 
a constructivist approach to meta-cognition development among rural learners in the classroom (such as Bruner 
1966; Piaget 1973; Vygotsky 1978). Figure 1 illustrates Social Constructivism as the foundation for the conceptual 
theoretical framework of this study. This serves as the epistemological lens for the conceptual theoretical 
framework through which the relevance of rural schools learners’ use of meta-cognition in mathematical problem-
solving is exhibited. In the current education system in South Africa, mathematics education ideologies, as 
demonstrated in some teaching and learning materials, requires every learner to acquire knowledge through 
thinking processes, required to accomplish a task successfully. This is what the Department of Basic Education 
(DBE) expects of learners with regard to problem-solving (DBE, 2011a) hence the combination of the above 
concepts. Constructivist theory of learning enables learners to actively construct knowledge within and by leaders 
as life-long learners. The use metacognitive skills and strategies enables learners to construct active long-life 
knowledge as indicated in the study. Thus, knowledge that not only helps learners to have control over the 
mathematics content but how to conceptualize the idea of solving mathematics problems. Constructivist views on 
learning require learners to learn enough to seek their own understanding, insights and meaning-making which 
are worthwhile if done through the questioning of their own knowledge and new discoveries in their learning 
environment; they think about their own thinking in problem-solving since knowledge cannot be told but only 
gained through experiences (Cooperstein & Kocevar-Weidinger, 2004). For learners to solve problems meta-
cognitively, they need to place greater emphasis on thinking about their own thinking (through discussion and 
argumentation) which then usually leads to spontaneous discovery of new knowledge in life. Cognitive research 
psychologists such as Piaget (1973), Vygotsky (1978) and Bruner (1966) state that learners try to make sense of the 
world by relying on their pre-existing schemas. Learning is therefore supported by social interaction with peers 
and teachers through real-world experiences. Teachers of mathematics should always encourage their learners to 
embark on activities that make use of real objects that project spontaneous understanding of ideas as 
teaching/learning materials when teaching. Furthermore, learners should be encouraged to make use of available 
materials in their environment that add value to their creative thinking when solving mathematical problems as 
real objects portray more meaningful understanding than abstract ones (Bruner, 1966). All these theories and 
concepts (discussed above) and how they are related to each other for the conceptualisation of this study are 
indicated in Figure 1 under the conceptual framework. These theories revolve around three main domains – the 
intellectual, social and psychological, all of which help in the acquisition of meta-cognitive skills and strategies 
(Jagals, 2013; Strawderman, 2010). This is achieved through logical reflection and systematic thinking about their 
own thinking. 

As the learner develops meta-cognitively, his/her knowledge starts to influence the way he/she thinks about 
his/her own thinking and this helps in solving word problems (Bruner, 1966). When a child can think beyond 
images, any information at his/her disposal can now be categorised, summarised and manipulated in any way to 
arrive at the best solution. The study revealed that learners’ use of meta-cognitive skills and strategies in problem-
solving is important in their lives since it helps them (learners) to think aloud when solving problems using various 
relevant skills and strategies without at times the help of teachers in problem-solving. In this regard, skills such as 
task analysis, planning, monitoring, checking and reflection, self-regulation skills (SR) and self-assessment (SA) 
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were identified in learners during observation (Kayashima & Inaba, 2014; Mevarech & Kramarski, 2003; Veenman, 
2006).  

Bruner’s theory generally addresses itself to the current study in the sense that there is a need for all learners to 
think about their own thinking logically and systematically in order to solve life’s mathematical problems at hand 
by themselves without “spoon feeding” but through the help of anyone else where necessary. This is what meta-
cognition is all about. With this in mind, this study looked at learners’ mathematics problem-solving. Through this, 
learners used meta-cognitive skills and strategies spontaneously in solving mathematical problems through the 
help of their questioning style, group discourse, thinking about their own thinking and monitoring their 
comprehension as supported by some researchers (Example, Sepeng, 2010; Flavell, 1976; Johnson & Kritsonis, 2006). 
Bruner contends the learner needs to use abstract symbols to represent reality in learning and spontaneous creative 
thinking, both of which pave the way for meta-cognition application.  

In actual fact, Bruner’s work has established itself in learning through participation and discovery (Bruner & 
Haste, 1987). Children learn mathematics best by performing a series of activities themselves spontaneously, hence 
this theory. From this, Bruner claims that people learn better through interaction and exercise of communication, 
practical activities, reading and writing skills and that the role of the teacher is to create a situation where the 
learners can compile their own interpretations by using the interpretation and ideas of others around them to 
spontaneously solve problems successfully. It is agreed that practical activities and thinking about their own 
thinking in problem-solving activities helped them to understand their teachers’ lessons better during classroom 
observation by sharing ideas as supported by some researchers (example, Flavell, 1976; Goos, 2004; White, 2003). 
This was because the fact that the input regarding the skills, the processes when using the skills and the output of 
the skills used by the learners in executing a solution to a problem were visible to the observers in the classroom 
during intervention (Kayashima & Inaba, 2014). Such skills included self-regulation skills in problem-solving 
through observational learning, peer-assessment and evaluation skills in checking one another’s planning activities 
to solve a problem at hand. For example, learners indicated that when they were performing any activity in class 
as a group, they first tried one method in order to work out the problem but if that method did not work, they 
normally asked themselves the following questions: What is the problem? What is wrong with this method? What 
can we do that we did not initially do? Can we go back and check our processes to see where the mistake was? 
They said they would then stop and go back to check their mistakes until they had the correct method that would 
lead them to the correct answer spontaneously. For self-assessment skills, learners constantly checked their own 
procedures (planning, actions, monitoring of actions and assessment of the actions) used in executing a problem. 
Learners also reflected on their procedures used during problem-solving and that enabled them to adjust their skills 
and strategies where necessary so as to arrive at a better conclusion when tackling a problem. 

The study revealed that learners actually did use monitoring and self-assessment strategies to monitor their 
comprehension of a problem through checking all their mistakes made initially; they then made some changes to 
that effect in their discussions as verbally indicated in the results section above. 

Learners who master meta-cognitive regulation skills can assist their peers by probing their regulatory skills 
such as reflection on planning before solving a problem (Muis, 2008). This helps them make effective use of 
procedures from the action-list in solving any mathematics problem they encounter in life. Some learners in this 
study planned their approach to problem-solving collaboratively or individually from the start by drawing, 
labelling, identifying and completing information on number lines they were taught by their teachers during the 
intervention in order to help them (learners) re-channel any form of worrisome and anxious thoughts they 
experienced in their minds (Bormotova, 2010). In the same vein, learners indicated that after they had tried some 
methods which did not initially solve the problem they were attempting, they would stick to the trial-and-error 
method until they had finally solved the problem. At this point, learners were able to observe their group leader’s 
problem-solving procedures in a group discussion and therefore used their own skills by recalling how to solve 
similar or different problems on the chalkboard. 

CONCLUSION 
From the findings of this study, it can be concluded that Senior Phase rural school learners were able to use 

meta-cognitive skills and strategies which helped them in their mathematics problem-solving towards a better 
understanding of mathematics. For example, learners could use meta-cognitive regulation such as reflection for the 
planning and monitoring of their procedures and assessment in order to plan for ways to solve their tasks, and for 
group-work problems they face daily or when given to them by their teachers. In employing these, learners had an 
opportunity to express their feelings through problem-solving.  

The availability and appropriateness of the application of instruction methods, skills knowledge and strategies 
used in solving a problem determines the degree of success learners attain in problem-solving. The use of reflection, 
planning and evaluation, as outlined in the literature review of this study, assists learners to acquire and apply 
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meta-cognitive skills and strategies spontaneously in mathematics problem-solving. Learners should be exposed 
to more effective classroom mathematics demonstrations, discussions, argumentations, challenges, meta-cognitive 
regulation (such as reflection and hands-on teaching and learning techniques) at all times in order to develop their 
meta-cognitive abilities spontaneously and at the highest level in problem-solving. 

RECOMMENDATIONS 
The following are the recommendations arrived at after the above in-depth analysis of the findings of the 

empirical study. These recommendations cover a number of topics included in this study; recommendations range 
from administrative to teaching/learning issues and general organization of the school environment. The 
researcher hopes that the results of this empirical study can be used by the Department of Education, especially 
curriculum planners, in the planning of future General Education and Training (GET) band programmes for both 
rural and urban schools. In fact, further research should explore lesson study as a model, and other related models 
recommended through the literature reviewed for the teaching and learning of mathematics for learners’ 
improvement in problem-solving at the GET band level. Learners should also make effective use of meta-cognitive 
skills and strategies (planning, monitoring, self-regulation, self-assessment) in almost all learning areas in order to 
be competent and to have an understanding of teaching and learning. 

The findings of this study should provide insights for individuals and groups who strive to empower 
mathematics teachers in both the rural and urban areas, with innovative skills and strategies as well as effective 
pedagogies to familiarize themselves with the use of meta-cognitive skills and strategies in problem-solving. 
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