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Abstract 
This article reports on grade 12 learners’ solutions of an exponential equation.  
It is a response to comments made in the National Senior Certificate 2014 
Diagnostic Report. Learners from two schools in the Drakenstein area were 
used as participants for the study. An analysis of the learners’ solutions of an 
exponential equation was conducted, utilising the work of Tall from a 
Vygotskian perspective. Learners made use of different solution strategies to 
the problem, but demonstrated a limited understanding of exponential laws 
and mathematical ways of reasoning. The article opens up a debate on the 
influence of teacher talk on solutions of exponential equations and learners’ 
mathematical solution strategies within the context of school mathematics. 
 

Introduction 
In current school mathematics much emphasis is placed on learners tackling 
open and non-routine problems.  Invariably, this will lead to records of pupils’ 
work that might be at variance with the known algorithmic and neat 
presentation of solutions.  (Julie and Torkildsen, 2008: 42) 

Julie and Torkildsen (2008) advanced this argument after their analysis of 
Grade 8 learners’ written work of solutions to two simultaneous linear 
equations in a realistic context, as discussed in a study by Whittles (1997). 
This article explores learners’ solutions to a routine problem, namely the 
solution of an exponential equation. Exponential equations form part of the 
current school mathematics curriculum for Grades 10 to 12 (Department of 
Basic Education [DoBE], 2011a).  

Julie and Torkildsen’s (2008) argument is used as a point of departure in 
exploring the pertinent question in this article: How do we deal with learners’ 
solutions that happen to be at variance with everyday school mathematics? 
Since one of their questions focused on teacher competence, the research on 
which this article is based focussed specifically on teacher talk in explaining 
content for a school mathematics topic. The following questions are explored 
in this article: 
How do learners go about solving an exponential equation mathematically?  
What effect does teacher talk have on learners’ ways of solving an exponential 
equation? 

In the next section, the context of the problem under scrutiny in this article, 
namely the exponential equation, will be discussed.  

The Grade 12 National Senior Certificate (NCS) mathematics examination is a 
high-stakes challenge for learners intending to pursue tertiary studies. The 
NCS mathematics examination covers work from Grades 11 to 12. A comment 
in the National Senior Certificate 2014 Diagnostic Report, however, has shifted 
the focus right back to Grade 10 mathematics. Released in February 2015, the 
report (DoBE, 2015: 2) presents an overview of the “NCS high enrolment 



subjects, namely; Accounting, Agricultural Sciences, Business Studies, 
Economics, English First Additional Language, Geography, History, Life 
Sciences, Mathematics, Mathematical Literacy and Physical Sciences”. 

The following comment from the report was the catalyst for the study reported 
on in this article and addresses the questions under scrutiny for this paper. 
“When solving exponential equations, candidates displayed no understanding 
of the basic exponential laws and struggled to manipulate expressions 
involving the addition and subtraction of exponents. Some candidates used 
incorrect mathematics and arrived at the correct answer 
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They were awarded no marks for this response”  (DoBE, 2015: 112).  The 
original question was part of Question 1; that is, sub-question 1.1.3 of the NSC 
Grade 12 Mathematics Paper 1 November 2014 (DoBE, 2014: 3): 
Solve for x: 2022 2 =++ xx  with 3 marks awarded for the solution.  

The remainder of this article discusses the development of the topic 
exponential equations, the theoretical framework of the study, the 
methodology used, the research findings, and the conclusion. 
 

Development of the topic 
The topic of exponents is introduced in Grade 7 developing into “comparing 
and representing numbers in exponential form” for grades 8 and 9 (DoBE, 
2011b: 15). For Grade 10, exponential equations form part of the content area 
of Algebra, equations and inequalities (DoBE, 2011a: 10). The following 
example from the Curriculum and Assessment Policy Statement (DoE, 2011a: 
21) for grade 10 is aligned to the problem under scrutiny for this article:  

  9
1011 33 =+ −+ xx

 
 

Theoretical framework 
Tall (1995) argues that it is useful to separate the three components of human 
activity: input (perception), internal activity (thought), and output (action). His 
original outline was adapted for the study on which this article is based to 
include the voice of the teacher as teacher talk. In considering the question of 
how learners develop new understandings of meaning in the school 
mathematics classroom, the Vygotskian perspective is useful as an analytical 
approach which recognizes the importance of the nature of learner-teacher 
talk in the classroom (Scott, 1998: 47). The author further argues that the 
Vygotskian perspective highlights the key role of the teacher in mediating 
school mathematical knowledge to learners.  

This means that teacher talk influence learner’s perceptions and thought 
processes during the actual solving of mathematical problems. Teacher talk 
can take on different forms to include explanations given by the teacher to 



explain methods of solving to solve the problem. The figure below is an 
adapted version of Tall’s (1995: 161) outline to include the influence of teacher 
talk on the learner’s perception and thought processes. 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
Figure 1 : Analysis framework 
 

Research methodology 
This study employed a qualitative research design. An interpretive paradigm 
was employed for data collection methods, which included learners’ work and 
interviews with learners and teachers. Learners work included their solutions 
to the exponential equation as discussed in the introduction. 
 

Participants 
The participants for this study were 18 Grade 12 learners and 2 mathematics 
teachers from two previously disadvantaged high schools. The schools were 
conveniently selected as they were both easily accessible to the researcher 
(Creswell, 2008). All the learners were registered for the 2015 NSC 
mathematics examinations.  
 

Data collection and analysis 
Data were collected from the participants at the institution where the 
researcher was based. The two teachers were interviewed first and asked how 
they went about teaching the solution of exponential equations. Notes were 
made of their explanations. This was followed up with the learners working on 
their solutions to the exponential equation. Interviews were then held with the 
learners to ascertain how teacher talk had influenced their solutions. 
 

Findings and discussion 
In presenting the findings, the researcher reports on the different solutions of 
the learners and how these solutions were influenced by their teacher’s 
explanations. Similar solutions were grouped together and learners for specific 
solution were then interviewed to capture how they understood their teacher’s 
explanations. 

Five of the learners did not attempt a solution to the problem. Their 
explanation with respect to their interpreting teacher talk was, “Remember, in 
order to solve an exponential equation, the bases on both sides should be the 



same.” This was interpreted as base 2 on the left-hand side and 20 on the 
right-hand side, which was then impossible to solve according to them.  

Similar comments were made about “the bases on both sides should be the 
same” by the next grouping of learners for their solution. The solutions oF 
these learners are captured below: 

 
This solution was in line with that given in the diagnostic report. They 
interpreted “the bases should be the same” to mean that they should have two 
terms on both sides with base 2. This is then why they deduced that 

242 +=++ xx  in response to the teacher’s explanation of “if the bases on both 
sides are equal, then their respective exponents are equal”.  
The principle employed by six learners was to divide by 2 on both sides. 
During the subsequent interview discussion, their explanation was “it was 
possible to cancel out the bases to get to the exponents, which are then 
equal”, capturing the words of their teachers. In their interpretation, 20 was 
then seen as 102 . Their solution of solving the problem was as follows: 

 
 
 



Two learners wrote 20 as 24 2.2 .They mentioned in their interviews that the 
explanation they remembered from their teachers was that “if you multiply and 
the bases are the same, you can then add the exponents”. This was wrongly 
interpreted for the breakdown of 20 but correctly interpreted for 24 2.2 as the 
relevant law in this regard states that nmnm aaa +=.  for 0>a . Their solution was 
as follows: 

 
The findings and discussion of the solution of the exponential equation have 
highlighted the following: 
• Understanding the different exponential laws is crucial. 
• The way teachers explain and discuss work in class from their 
perspective may be very different from the learner’s understanding of and 
perspective on what was said. 
• Relevant and appropriate examples should be used to explain and 
elucidate the exponential laws.  
• Curricula documents are an invaluable resource for better 
understanding the topics to be taught in school mathematics classrooms, and 
should therefore be studied closely.  
 

Conclusion 
Preparing learners for the NSC mathematics examinations is a daunting task. 
Coverage of the school mathematics curriculum from Grades 10 to 12 is 
important for learners to be able to solve problems in this examination on 
which so much depends. In addition, the work covered in Grades 7–9 is 
critically important for learners to perform well. Although this article has only 
focused on the solution of an exponential equation, it shows the importance of 
prior work to solve some problems at Grade 12 level.  For example knowledge 
on quadrilaterals is needed as important prior knowledge to answering 
questions on Euclidean geometry and analytical geometry. Knowledge of the 
full curriculum, including work from the earlier grades, will be helpful for 



teachers instructing learners taking mathematics as one of their school 
subjects. 
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