
 

  



 



 

  



 

  



 



Pre-review 1 
 

Participants 

• Kamirsyah Wahyu (kwahyu) 
• Kadek Adi Wibawa (adimath17) 

Messages 
Note From 

Dear author(s), 

The manuscript was well-written. However, some revisions, including further 

elaborations of the method and technical issue such as the quality of the images used 

are needed. After the required revisions are done, the manuscript will be sent to two 

peer-reviewers. We look forward to having the revision.  

Regards, 

The Editors 

An ethnomethodology analysis of students' understanding-Pre-review.docx 

kwahyu 

2021-10-24 

05:30 AM 

Settings 

 

Yth Editor Jurnal Beta 

Kami sudah merevisi sesuai dengan hasil review yang diberikan. Hasil revisi kami 

lampirkan pada ojs jurnal beta. 

Terima kasih. 

an-ethnomethodology-analysis-of-students-understanding-pre-review (revisi Dr Adi 

dan Dr Simons).docx 

adimath17 

2021-11-30 

02:56 PM 

 

https://jurnalbeta.ac.id/index.php/betaJTM/$$$call$$$/api/file/file-api/download-file?submissionFileId=2849&submissionId=459&stageId=1
https://jurnalbeta.ac.id/index.php/betaJTM/authorDashboard/submission/459
https://jurnalbeta.ac.id/index.php/betaJTM/$$$call$$$/api/file/file-api/download-file?submissionFileId=2877&submissionId=459&stageId=1
https://jurnalbeta.ac.id/index.php/betaJTM/$$$call$$$/api/file/file-api/download-file?submissionFileId=2877&submissionId=459&stageId=1


 

An ethnomethodological analysis of the students’ understanding of the concept 

of trigonometry in a high-stakes examination in South Africa 

 

…..1, …2 

 

Abstrak Di Afrika Selatan, ujian matematika National Senior Certificate (NSC) adalah ujian 

tambahan yang diambil pada akhir dari dua belas tahun sekolah. Tujuan dari penelitian ini 

adalahPenelitian ini bertujuan untuk mengetahui melakukan investigasi dan menganalisis analisis 

tanggapan siswa peserta ujian matematika dalam NSC pada terkait konsep trigonometri. Selain 

pendekatan etnometodologi yang secara umum dipakai dalam penelitian ini, Studi ini menggunakan 

pendekatan etnometodologi, pendekatan analitis dokumenter yang juga diadopsi terkait karakteristik 

. Analisis dokumenter diperlukan oleh sifat pribadi dari ujian NSC, dalam hal inikarena peneliti 

hanya memiliki akses ke karyapada jawaban tertulis dari peserta ujian. Temuan utama penelitian 

adalah: (1) bahwa strategi dan taktik yang digunakan oleh peserta ujian sangat didorong oleh konteks 

ujian berisiko tinggi; (2) bahwa cara kerja peserta ujian menunjukkan struktur umum praktik yang 

biasa ditemukan dalam praktisk wacana diskursus matematika. Studi Penelitian lebih lanjut 

diperlukan untuk memperdalam pemahaman tentang proses berpikir peserta ujian dengan melakukan 

wawancara kelompok terfokus, di mana peserta ujian diberikan kesempatan untuk menjelaskan cara 

kerja mereka dalam penilaian berbasis sekolah. 

 

Kata Kunci Pemeriksaan Tes berisiko tinggi,; Ttrigonometri,; Ppendekatan etnometodologi,; 

Resistenperlawanan,; Aakomodasi 

 

Abstract In South Africa, the National Senior Certificate (NSC) mathematics examination is the a 

capping external examination taken at the culmination of twelve years of schooling. The purpose of 

this study was to investigate and analyse the responses of examinees in the NSC mathematics 

examinations in the concept of trigonometry. While the study mainly used an ethnomethodological 

approach, a documentary analytical approach was also adopted. Documentary analysis was 

necessitated by the private nature of the NSC examination, as we only had access to the written work 

of the examinees. The major findings were: (1) that the strategies and tactics used by examinees are 

highly driven by the context of the high-stakes examination; (2) that examinees’ ways of working 

exhibit the general structure of the practice that is commonly found in mathematical discourse 

practices. Further studies are required to deepen the understanding of the thinking processes of 

examinees by conducting focus group interviews, where the examinees are afforded opportunities to 

explain their workings in school-based assessments.  

  

Keywords  High-stakes examination,; Ttrigonometry,; Eethnomethodological approach,; 

Rresistance,; Aaccommodation 

 

 

 

Introduction 

Gained knowledge, whether useful or not, and retained over the years of schooling, and 

particularly when studying for an examination, becomes part of the items stored in memory. 
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Examinees engaged in solution seeking actively attempt to retrieve the knowledge that is 

specifically useful in the examination context from all other previously learned knowledge. 

However, in a high-stakes examination or any other school-based assessment, examinees 

are only allowed to respond to an examination question paper within a specified time, which 

means they are under pressure to access and retrieve the correct/context-appropriate 

knowledge. The realisation that knowledge is produced and accessed within specific 

situations – and in this case, time-sensitive and high-stakes examinations (Lave, 1988; 

Lerman, 2000; Wenger, 1998) thus requires us to move beyond an exploration of learning 

that relies solely on the psychology of the mind.  

The above authors suggest that we also consider the context and setting of the learning 

situation. For instance, with regard to retrieving stored knowledge to respond to mathematics 

questions in a high-stakes examination, one must be mindful that the high-stakes 

examination room does not exist without a context. Whether knowledge is gained or 

retrieved, the situatedness remains important to the student. This study is an extension of 

chapter published in a book which reflect on Continuous Professional Development (CPD) 

of mathematics teacher (Julie, Smith, & Holtman, 2019). The extension explored how the 

retrieval of knowledge in the NSC examination is visible in the written responses of 

examinees on the topic of trigonometry. In addition, the study analysed students’ written 

works on the topic of trigonometry in the high-stakes NSC examination as part of the Further 

Education and Training (FET) Phase in South Africa (Department of Basic Education 

(DBE), 2011).  

 

High-stakes examinations in the South Africa context 

The primary function of external examinations such as high-stakes NSC mathematics 

examinations, is, firstly, to sort and classify students according to their ability to do 

mathematics. More importantly, however, the results of these external examinations are used 

to make decisions that have serious consequences for schools, learners, and the education 

system. For example, the results are important for the learners because it determines whether 

they qualify for university, for schools because of prestige and allocation of future funding 

from government, and for the education system results have huge implications for 

curriculum reform. Therefore, the extent of the consequences attached to these examinations 

is what gives them their distinguishing features. Jacobs 

et al., (2014) point out that examinations serve a variety of purposes; for instance, the grades 

of these examinations can be used for placements in institutions of higher learning. In their 

classification of different examinations operating in the current South African schooling 

system, their study clearly shows that the NSC examination is heavily weighted in terms of 

external procedures and causal factors.  

The NSC represents a high point in schooling for all Grade 12 learners in South Africa. 

As such, the final NSC examination may be regarded as the most important examination that 

South African learners write at the culmination of 12 to 13 years of schooling. It is a common 

practice that much of the teaching in the last three years of schooling is geared towards 

preparing learners to succeed in this examination. It is still by far the most popular 



 

determinant of access to higher tertiary education and, to a lesser extent, to the world of 

work; this makes it an unavoidable yet controversial form of assessment.  

According to Brown, Lauder and Ashton (2008), the consequence of not obtaining an 

NSC certificate implies the exclusion of school-leavers (whether youth or adult learners) 

from the formal economy. Not achieving a good enough pass in the final NSC examination 

makes it much more difficult for learners to be accepted for further tertiary education. In the 

current education landscape, most of the focus when assessing subject performance has been 

on mathematics and science because the South African economy needs students in these 

fields particularly. Many researchers have examined the impact of high-stakes examinations 

on issues such as dropout rates and emotional impact on learners. For example, Griffin and 

Heidorn (1996) showed that high achievers experience a substantial drop in self-esteem, or 

they feel embarrassed in front of their peers for underperforming or failing. Their 

investigation infers that high-stakes examinations have a more pronounced effect on high 

achievers.  

Madaus (1991) states that high-stakes examinations can be extremely stressful, and that 

they can have a negative effect on a student’s personality, which ultimately influences their 

self-concept and self-esteem. Schmidt, Lerew and Jackson (1999) studied the impact of 

stress on students who repeatedly failed standardised tests, specifically on those students 

who were not expected to fail. According to their interview data, failing such important tests 

damages students’ self-belief, has a negative impact on their relationship with their parents, 

and alters their future educational and career plans. Literature surveys in educational 

research (Harlen & Deakin Crick, 2002; Kluger & DeNisi, 1996) show that the effect of 

learning through memorisation reduces creativity and innovation. A study done by 

Barksdale, Ladd and Thomas (2000) confirmed the view that high-stakes testing may in fact 

harm learners’ health by causing excessive anxiety and stress. Wheelock, Bebell and Haney 

(2000) found evidence of this, such as anxiety, anger, and pessimism, particularly among 

older students.  

The above research gives an idea of the contextual features and the psychological 

impact of the NSC examination on the examinees. This study is concerned with such 

examinees’ ways of working, specifically with reference to seeking solutions to 

trigonometry problems in the high-stakes NSC mathematics examination.  

 

Trigonometry as mathematics topic 

Trigonometry requires learners to have knowledge of several sophisticated 

mathematical concepts, such as “the association of numbers with the sides of a triangle 

representing length, measure of angles, ideas of …  and symbolic notation” (Raj & Nega, 

2011, p. 236). For learners to pursue engineering, physics, construction, and design, they 

must develop a basis of trigonometric knowledge in school. Hence, trigonometry has an 

important place in the mathematics curriculum in many countries, even though its 

curriculum may vary from country to country at secondary school level (Delice & Roper, 

2006). Trigonometry is a compulsory topic for all Grade 10 to 12 learners who do 

mathematics in South Africa. Orhun (2004) studied the difficulties that learners encountered 

when using trigonometry to solve problems; he/she found that learners did not fully 



understand or develop the concepts of trigonometry and thus made some errors 

(Chinnappan, Nason & Lawson, 1996). This is not only the case in South Africa. According 

to Thompson (2008), middle school and secondary school learners in the United States of 

America (USA) also find trigonometry especially difficult. He claims that the difficulty of 

trigonometry lies in an incoherence of foundational meanings developed in the lower grades 

– similar findings emerged from other studies (Gür, 2009; Sofiyah, 2018; Walsh, 

Fitzmaurice, & O’Donoghue, 2017). Weber (2005) also states that students find it 

difficult to learn trigonometric ideas and concepts, and that the causes of these difficulties 

seem to be multifaceted and interrelated – a view shared by Sofiyah (2018) and Orhun 

(2004). The challenges and pressures related to high-stakes examinations as well as the 

difficulties experienced by examinees when engaging with trigonometry problems is what 

this paper aims to expose by using Garfinkel’s (1967) concept of ethnomethodology and the 

notion of agency put forward by Pickering (1995) with reference to resistance and 

accommodation. These concepts will be discussed below.  

 

Theoretical Framework 

Ethnomethodology  

The theoretical framework for this paper draws on the concept of ethnomethodology 

(Garfinkel, 1967), which looks at how ordinary people use commonsense knowledge, 

procedures and considerations to gain an understanding of everyday situations. 

Ethnomethodology is the study of practical action and practical reasoning (Garfinkel, 1991), 

in order to clarify a theoretical conception of social phenomena, such as social order, social 

facts, social structures, reflexivity, accountability and ethnomethodological indifference. 

This paper thus uses ethnomethodology to explore the constitutive, situated nature of 

mathematical work. The objective of ethnomethodology is to extract the social facts from 

the practical social actions (Simons, 2016). The process of doing so is clarified in 

Durkheim’s (1950) description of sociological studies, in which he established the objective 

reality of social facts as a fundamental principle of sociology. From an ethnomethodological 

perspective, examinees as actors in the examination room themselves produce social facts, 

or conduct themselves in such a way that produces and makes visible the social facts. In 

turn, the social conditions (of high-stakes examinations, in this case) determine what actors 

(examinees) do. All the properties of the social order are thus made visible locally (in situ) 

with the result that social scientists and ethnomethodologists can see what participants are 

doing. Liberman (2012) agrees that the organisation of social order occurs naturally in its 

setting.  

The concepts of social order and social action cannot be approached independently, as 

they occur in a cyclical process (Coulon, 1995), which makes the constitutive characteristics 

of social facts and social action an unavoidable part of the mathematical production and 

makes the detail of mathematical production important. Dourish and Button (1998) 

emphasise the fact that practical social action attracts attention to how participants do it, and 

how the production and understanding of the social actions are formed “for practical 

purposes”. The practical social action exists in all thinking processes, and in the choice of 

mathematical skills selected to accomplish what was set out for the examinee to achieve. 



 

Examinees’ solutions to mathematical problems are only part of the account of their 

understanding of mathematics, in terms of the totality of the natural occurrence in situ. The 

interaction of examinees and all relevant role players in the examination room is part of the 

distinctive, stable arrangement of the institution of the high-stakes NSC examination. In its 

exploration of examinees’ ways of working, this study analysed the dialectic production of 

mathematics within a social order, and is concerned with responses that indicate how 

examinees go about doing the work and interpreting the examination questions in situ. 

 

Pickering’s notions of resistance and accommodation 

Pickering defines the “occurrence of a block on the path to some goal” as a form of 

resistance (Pickering, 1995, p.569). This resistance is accommodated by different 

interactions. Pickering (1995) thus sees accommodation as a tentative human approach that 

circumvents obstacles. A reversal is an example of such a way of working: when a learner 

arrives at a point of resistance in his/her calculations, the learner removes the produced work 

in the process of accommodating for that particular resistance (Julie, 2003), and starts over 

with the same solution-seeking approach but along a new path, with a different strategy, 

until a result is reached. Another way of working uses the notion of a ‘convenience’, where 

the examinee creates a problematic situation by using a faulty method to simplify a 

mathematical problem to arrive at a suitable objective (Julie, 2003). This way of working 

shows the abandonment of a completed solution-seeking pursuit and the examinee’s 

recommencement with minor adjustments to their first attempt to reach the objective given 

in the problem text.  

This study therefore sought to answer the following research questions on the topic of 

trigonometry based on the written responses from the high-stakes NSC examinations: 

1. What are the characteristics of the dialectic resistance and accommodation of ‘reversal’, 

which were observed in the students’ solutions on the topic of trigonometry?  

2. What are the characteristics of the dialectic resistance and accommodation of 

‘convenience’, which were observed in the students’ written work on the topic of 

trigonometry?  

 

Method 

A qualitative research design was followed in this study; this meant that examinees’ 

ways of working in producing their responses to questions in a high-stakes examination were 

used to describe the phenomena under investigation. According to Jacob (1987), a 

qualitative research methodology attempts to present the data from the perspective of the 

learners, in this case. Denzin and Lincoln (2011) describe qualitative research as a set of 

interpretive, material practices that make the world visible.  

The research for this study was done within the framework of ethnomethodology. The 

analysis was thus guided by ethnomethodological principles and the dialectic of resistance 

and accommodation that unobtrusively influenced the underlying techniques. Data was 

gathered from the high-stakes NSC examination that had been written in 2012.  
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Findings 

Through the dialectic of resistance and accommodation and the ethnomethodological 

constructs, the textures of the examinees’ ways of working in their pursuit of an objective 

or a solution became noticeable. The dialectic of resistance and accommodation, as 

explained by Pickering (1995), where resistance denotes the failure to achieve an intended 

outcome, is captured by the agency in practice. Accommodation is an active human strategy 

of responding to a resistance, which can include concepts like adaptations, inclusions and 

exclusions, among others. This happens when there is a ‘looking back’ or a revision of goals 

and intentions. When the resistance goes unnoticed, it is a case of non-firing of resistance. 

In the following section, an analysis of students’ dialectic resistance and accommodation of 

‘reversal’ and ‘convenience’ is presented, based on the students’ written work on the topic 

of trigonometry from the 2012 high-stakes examination.  

Reversal  

Julie (2003, p.121) posits that “reversal is where a calculated resistance was created and 

the learner removes the produced work by drawing a line through it and starts over 

immediately from a certain point”. The re-start is on the same solution-seeking path, albeit 

with a different strategy, until a result is reached. Figure 1 is a learner’s response to Question 

9.2 from Paper 2 of the 2012 high-stakes NSC mathematics examination.  

 

 
Figure 1: Reversal – an example of a student’s work 

 

As with the solution-seeking paths illustrated in Figure 1, the learner starts by writing 

down the symbolic objective in 𝑙𝑖𝑛𝑒 1, which is part of the question. Line 2 of Figure 1 

shows the examinee replacing 𝑠𝑖𝑛104° by the acute angle for the relationship 𝑠𝑖𝑛 (180° −

104°) to 𝑠𝑖𝑛76°. The examinee then uses the trigonometric relationship of double angles to 

transform (2𝑐𝑜𝑠215° − 1) to 𝑐𝑜𝑠2(15°). The next steps show the examinee using the 

identity relationship to substitute 𝑡𝑎𝑛38  with   
𝑠𝑖𝑛38°

𝑐𝑜𝑠38°
  in line 2 of Figure 1. The reduction 
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formula of 𝑠𝑖𝑛(360° + 52°) = 𝑠𝑖𝑛52° is also used to express 𝑠𝑖𝑛2412° as 

(−𝑠𝑖𝑛52°). (−𝑠𝑖𝑛52°). The following steps show the produced work in lines 3 and 4 

abandoned and scratched out, upon obtaining 𝑐𝑜𝑠14° and 𝑐𝑜𝑠52° in line 4. The re-starting 

point, or ‘reversal’, is where the examinee copies the abandoned work 𝑐𝑜𝑠(90° − 76°) and 

𝑐𝑜𝑠30° in the exact form – the numerator in line 3 to the numerator in line 5 – of Figure 1. 

The examinee has thus moved back and now follows a different strategy to fit the 

mathematical context. In the same instance, the examinee adapts 𝑐𝑜𝑠(90 − 38) to 

𝑐𝑜𝑠(90 − 52) and then evaluates it as −𝑠𝑖𝑛52. Line 5 of Figure 1 shows that the examinee 

replaces 𝑐𝑜𝑠14° with 𝑠𝑖𝑛14° and 𝑐𝑜𝑠52° with 𝑠𝑖𝑛52°. The approach proceeds in line 6 of 

Figure 1, showing the simplification of the work in line 5 of Figure 1 and giving the 

expression 
𝑠𝑖𝑛14.√

3

2

𝑠𝑖𝑛52°−𝑠𝑖𝑛52°
. The last part of the answer sees the examinee simplifying 𝑐𝑜𝑠30° 

with its angle-side ratio of  √3

2
 , and cancelling 𝑠𝑖𝑛52° − 𝑠𝑖𝑛52° to obtain  𝑠𝑖𝑛14°. √3

2
  as a 

final result.  

Convenience  

Julie (2003, p.121) states that “convenience is where the examinee creates a situation 

using a faulty method to simplify a mathematical problem to get to a suitable objective”. 

This way of working shows the abandonment of a completed pursuit and the examinee’s 

recommencement with minor adjustments to their first attempt to reach the objective given 

in the problem text. Figure 3 shows a response to Question 11.1 of Paper 2 in the 2012 NSC 

mathematics examination.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. November 2012 NSC Mathematics Paper 2, Question 11 

 



Figure 3: Convenience: Abandonment labeled as rough work – an example of a student’s work  

 

In line 1 of Figure 3, the examinee copies the formula in the inverse form as 
𝑠𝑖𝑛𝐴

𝑎
=

𝑠𝑖𝑛𝐵

𝑏
=

𝑠𝑖𝑛𝐶

𝑐
 from the information sheet. Line 2 of Figure 3 shows the values of 𝑎 replaced by 

𝐵𝐶, 𝑏 replaced by 𝐴𝐵  and 𝑐 unchanged. In line 3 of Figure 3, 𝐵𝐶 is substituted by 2 and 

𝐴𝐵 by 3. In line 4 of Figure 3, the examinee produces 6𝑠𝑖𝑛𝐶 as a solution for 
𝑠𝑖𝑛𝐶

3
×

2

1
. Both 

sides of the equation in line 4 are then divided by 𝑠𝑖𝑛𝐶, which renders   
𝑠𝑖𝑛𝜃

𝑠𝑖𝑛𝐶
= 6𝑠𝑖𝑛𝑐. Further 

work in line 5 of Figure 3 shows the examinee multiplying both sides of the equation with 
𝑠𝑖𝑛𝑐

1
 to obtain a solution of 𝑠𝑖𝑛𝜃 = 6𝑠𝑖𝑛𝐶 in line 6. This way of working leads to the 

complete abandonment of the response and is labelled as rough work: 

 
Figure 4: Convenience: New pursuit with minor adjustments – an example of student’s work 

 

The new pursuit sees the examinee persisting with the same formula. Line 1 of Figure 

4 shows the examinee copying 
𝑠𝑖𝑛𝐴

𝑎
=

𝑠𝑖𝑛𝐵

𝑏
 from line 2 of the previous response with an 

adjustment to the formula by excluding 
𝑠𝑖𝑛𝐶

𝑐
. In line 3 of Figure 4, the examinee continues 

to multiply both sides of the equation with ‘b’. Further work in line 4 of Figure 4 sees the 

examinee substitute 2 in the place of ‘a’ and 3 in place of ‘b’. Line 4 of Figure 4 shows  
𝑠𝑖𝑛𝐵

𝑏
  

replaced by 𝑠𝑖𝑛𝜃. The examinee leaves 6 = 𝑠𝑖𝑛𝜃 as the result. 

 

Discussions 

Reversal  

After writing down the symbolic objective in line 1 of Figure 1, the examinee continued 

seeking a solution. After making use of various trigonometric relationships, such as side 

angle relationships of right-angled triangles, acute angle relationships and double angles, the 

examinee’s pursuit rendered (−𝑠𝑖𝑛52°). (−𝑠𝑖𝑛52°) in line 2 of Figure 1. However, the 

expression (−𝑠𝑖𝑛52°). (−𝑠𝑖𝑛52°) upon rendering the negative," − ", signs of the expression 

in the brackets. The exertion of agency occurred when the examinee ‘saw’ 𝑠𝑖𝑛 as negative 

in the fourth quadrant. The 360° obtained in the evaluation process contributed to this 
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deduction, because the normal course of teaching a relationship with 360° is associated with 

the fourth quadrant. In line 2 of Figure 1, 𝑐𝑜𝑠 38° and (−𝑠𝑖𝑛52°) were both cancelled, as 

indicated by the arrows pointing to cancelled parts of the fraction in line 2. It was clear from 

the deleted part (𝑐𝑜𝑠38), which appeared in the numerator of the expression 
𝑠𝑖𝑛38

𝑐𝑜𝑠38
 and 

(−𝑠𝑖𝑛52°), that the objective was to obtain the same ratio in terms of 𝑐𝑜𝑠. This way of 

working illustrates a case of reflexivity, where things done before were referred to, whilst 

changing direction. 

In line 4 of Figure 1, the method rendered 𝑐𝑜𝑠14° and 𝑐𝑜𝑠52°. Although 𝑐𝑜𝑠14° and 

𝑐𝑜𝑠52° flow from the previously produced proceeding step, it did not comply with the 

chosen mathematical context to achieve an objective “without the calculator” as per 

examination requirement, and thus this abandonment indicated the calculated resistance 

caused by the mathematical context in terms of the direction taken in the solution-seeking 

pursuit. Further work after the abandonment showed that the examinee copied  

𝑐𝑜𝑠(90° − 76°) and 𝑐𝑜𝑠30° in the exact form from the numerator in line 3 to the numerator 

in line 5 of Figure 1. The examinee thereafter moved back and followed a different strategy 

to fit the mathematical context. In the same instance, the examinee adapted 𝑐𝑜𝑠(90 − 38) 

to 𝑐𝑜𝑠(90 − 52) and then evaluated it as−𝑠𝑖𝑛52. This could be observed in line 5 of Figure 

1, where it showed the examinee replacing 𝑐𝑜𝑠14° with 𝑠𝑖𝑛14° and 𝑐𝑜𝑠52° with 𝑠𝑖𝑛52°. 

The pursuance of solution seeking shows the rationality of work from the abandoned 

pursuit that might still be appropriate in its exact form, or that might need some reworking 

but could still lead to a desired result “without the calculator”. The ways of working up to 

this point show the continued non-firing of resistance in terms of the retention of 𝑐𝑜𝑠(90 −

76) by rendering it as 𝑠𝑖𝑛14°. The evaluation of  𝑐𝑜𝑠(90 − 76) in terms of the acute angle 

relation would have taken the pursuit back to line 2, thus ending up with 𝑠𝑖𝑛76. Although 

𝑠𝑖𝑛14° exerted agency in terms of the use of the co-function, and the examinee persisted 

with it up to the final result.  

 

Convenience  

The texture of ways of working emanating from the analysis started with the examinee 

writing down the formula to prove the area of the parallelogram equal to 6𝑠𝑖𝑛𝜃. The 

examinee’s interpretation of the area of the parallelogram was triggered by the formula given 

in the formula sheet, which showed ∆𝐴𝐵𝐶: 
𝑎

𝑠𝑖𝑛𝐴
=

𝑏

𝑠𝑖𝑛𝐵
=

𝑐

𝑠𝑖𝑛𝐶
. The selection of this formula 

exerted agency in the form of a ‘convenience’, which indicated the use of a faulty method 

in pursuance of a suitable solution, in order to prove the objective given in the problem text. 

The examinee ‘saw’ the diagram in Figure 2, which represented parallelogram ABCD, 

consisting of two triangles, which allowed the mathematical argument to prove its area, 

ABCD = 6𝑠𝑖𝑛𝜃. The concept of congruent and similar triangles made up the mathematical 

argument in relation to the information given in the text and the diagram in Figure 2, as well 

as the formulae provided in the information sheet.  

The work in line 2 of Figure 3 showed the examinee had cross-multiplied 𝐵𝐶  with 
𝑠𝑖𝑛𝐵

𝑏
 

and 
𝑠𝑖𝑛𝐶

𝑐
 [

𝐵𝐶

1
×

𝑠𝑖𝑛𝐴

𝑎
=

𝑠𝑖𝑛𝐵

𝑏
×

𝐵𝐶

1
] and omitted  

𝑠𝑖𝑛𝐴

𝑎
 , probably because there are only two 
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values given in the diagram ABCD in Figure 3. The examinee’s way of working was towards 

a formulation where given values could be used. The examinee thus replaced 𝑠𝑖𝑛𝐵 with 

𝑠𝑖𝑛𝜃 on the right side of the equation in line 3 of Figure 3. This is probably due to the 

position of 𝜃 in parallelogram ABCD in Figure 2. The diagram in Figure 2 shows 𝜃 as angle 

B, which is noticeable in the given problem text, "𝐴𝐵̂𝐶 = 𝜃". The work produced up to the 

final answer was abandoned and a new pursuit was started. The rough work shown in Figure 

3 was a completed solution. This was not in the form of helpful notes, scribblings or short 

reminders of what were important planned calculations. It was not of a kind common in the 

way of working in mathematics when learners do rough work in the margin of the page or 

in a space away from the original pursuit. In this instance, contributing to this form of 

labelling was the instruction given to examinees in the NSC examination, to do all rough 

work on the examination script.  

Plausibly the examinee checked the result in line 6 of Figure 4, 𝑠𝑖𝑛𝜃 = 6𝑠𝑖𝑛𝑐 against 

the problem text to “prove the area of parallelogram ABCD = 6𝑠𝑖𝑛𝜃”. The examinee found 

that the result was not suitable in terms of the objective given in the problem text. Such 

checking is part of the examinee’s historicised mathematical knowledge. A common 

instruction given by teachers to learners and by invigilators to examinees is to “make sure 

of your answer”. It was this type of checking that triggered the resistance and that caused 

the examinee to label the work as rough work and draw lines through it.  

In the new pursuit, the work showed some adjustments; however, the examinee still 

used a method that did not serve the purpose of obtaining a suitable solution. The 

continuation of this way of working showed the non-firing of in terms of ‘convenience’. 

This might be due to the representation of 𝑠𝑖𝑛 in the sine rule formula as shown in the 

information sheet and the 𝑠𝑖𝑛 in 6𝑠𝑖𝑛𝜃 given in the problem text. The exclusion of  
𝑠𝑖𝑛𝐶

𝑐
 was 

to accommodate for the result in line 6 of Figure 3 in the abandoned pursuit. The adjustment 

of the formula probably led to the expectation that the pursuit would render something closer 

to the objective. The examinee’s way of working – of replicating and adjusting work (see 

from Figure 2, as used in Figure 4) – shows reflexivity. Although the work in Figure 3 was 

labelled as rough work, the examinee saw this work as part of the evidence of a solution-

seeking pursuit to solve a mathematical problem. However, it also indicates that the 

examinee saw this work as useful and as a relevant attempt to do the actual work that would 

produce a suitable solution. 

The examinee’s ways of working in line 6 of Figure 4 start out with " ∴ ", which means 

“therefore”, thus showing that what follows is derived from the previous work. This notion 

of making " ∴ " is a pursuance that shows procedural fluency, giving reason and meaning to 

the path that had been travelled so far. However, the pursuit re-routed to a totally different 

path by taking the given information and constructing a final answer. The re-routed path 

shows the examinee writing  𝐴𝐵 × 𝐵𝐶 = 𝑠𝑖𝑛𝜃 and substituting 𝐴𝐵 × 𝐵𝐶 with 3 and 2 

respectively. The examinee then multiplies “3 × 2” and leaves the outcome as 6 = 𝑠𝑖𝑛𝜃 in 

line 7 of Figure 4. In this instance, the problem text probably exerted agency, which brought 

the examinee’s work closer to the given objective stated in the problem text. The pattern of 

work that emerged from this analysis is of a kind in which agency is exerted upon the 

examinee’s path of pursuing a solution to a mathematical problem. The foregoing discussion 



 

indicates that the ways of working and the exertions of agency led to a resistance in the 

solution-seeking path was then accommodated for. In some cases, agency was exerted, and 

the non-firing of resistance occurred.  

 

Conclusion, implication and further research 

This study has contributed towards exposing the practices that learners engage in when 

solving mathematical problems in high-stakes examinations. It has shown how examinees 

engaged the problem text, resulting in various ways of working along solution-seeking paths. 

In addition, the study adds value to the type of feedback generated within high-stakes NSC 

mathematics examination. It illustrates an alternative type of feedback, which can be 

extracted from the learners’ ways of working with trigonometry. Furthermore, this study has 

contributed to the drive of the South African Department of Basic Education (DBE) to 

improve mathematics results in our schools.  

According to the findings of this study, the method of doing mathematics in a high-

stakes examination resembles a mathematician-like way of working. As suggested by 

Schoenfeld (1987), it should therefore be the aim of mathematics educators to 

introduce learners to such mathematics practices. Julie (1992) goes further, asserting that 

learners should be given the opportunity to practise this mathematician-like way of doing 

mathematics at their own level.  

Furthermore, teachers need to see examples, such as the abandoned work presented in 

the analysis, as a useful object of teaching and learning. When teachers allow learners to 

make sense of this solution-seeking process, it will foster a greater understanding of their 

own ways of ways of working in a time-restricted examination. According to Lampert 

(1990), the content of mathematical lessons should show mathematical contexts that expose 

learners to strategies that support or reject solutions instead of simply searching for the 

answer. This way of doing mathematics should furthermore encourage interaction between 

learners to discuss their solution-seeking strategies. The resulting meaning-making will give 

learners a greater understanding of their own ways of working. This process of getting 

learners to analyse, explain, and interpret when they abandon an approach will also provide 

learners with more direct feedback, which will in turn improve their understanding of their 

own work in a specific mathematical context.  

Watson and Mason (2006) argue that the use of such mathematical objects even in 

highly organised situations in which learners reach for the same answers or practical 

accomplishments using the exact same data, may offer learners experiences. It would allow 

teachers to plan their teaching from the learners’ perspectives.  

Future research may involve the practice of encouraging collaborative group work 

among learners to ascertain the strategies learners employ when analysing and interpreting 

responses taken from school-based assessments, such as class tests and examinations as well 

responses from high-stakes examinations. In addition, further studies are required to deepen 

the understanding of the thinking processes of examinees by, for instance, conducting focus 

group interviews where examinees are afforded opportunities to explain their workings in a 

school-based assessment.  
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An ethnomethodological analysis of the students’ understanding of the concept 

of trigonometry in a high-stakes examination in South Africa 

 

…..1, …2 

 

Abstrak Di Afrika Selatan, ujian matematika National Senior Certificate (NSC) adalah ujian 

tambahan yang diambil pada akhir dari dua belas tahun sekolah. Tujuan dari penelitian ini 

adalahPenelitian ini bertujuan untuk mengetahui melakukan investigasi dan menganalisis analisis 

tanggapan siswa peserta ujian matematika dalam NSC pada terkait konsep trigonometri. Selain 

pendekatan etnometodologi yang secara umum dipakai dalam penelitian ini, Studi ini menggunakan 

pendekatan etnometodologi, pendekatan analitis dokumenter yang juga diadopsi terkait karakteristik 

. Analisis dokumenter diperlukan oleh sifat pribadi dari ujian NSC, dalam hal inikarena peneliti 

hanya memiliki akses ke karyapada jawaban tertulis dari peserta ujian. Temuan utama penelitian 

adalah: (1) bahwa strategi dan taktik yang digunakan oleh peserta ujian sangat didorong oleh konteks 

ujian berisiko tinggi; (2) bahwa cara kerja peserta ujian menunjukkan struktur umum praktik yang 

biasa ditemukan dalam praktisk wacana diskursus matematika. Studi Penelitian lebih lanjut 

diperlukan untuk memperdalam pemahaman tentang proses berpikir peserta ujian dengan melakukan 

wawancara kelompok terfokus, di mana peserta ujian diberikan kesempatan untuk menjelaskan cara 

kerja mereka dalam penilaian berbasis sekolah. 

 

Kata Kunci Pemeriksaan Tes berisiko tinggi,; Ttrigonometri,; Ppendekatan etnometodologi,; 

Resistenperlawanan,; Aakomodasi 

 

Abstract In South Africa, the National Senior Certificate (NSC) mathematics examination is the a 

capping external examination taken at the culmination of twelve years of schooling. The purpose of 

this study was to investigate and analyse the responses of examinees in the NSC mathematics 

examinations in the concept of trigonometry. While the study mainly used an ethnomethodological 

approach, a documentary analytical approach was also adopted. Documentary analysis was 

necessitated by the private nature of the NSC examination, as we only had access to the written work 

of the examinees. The major findings were: (1) that the strategies and tactics used by examinees are 

highly driven by the context of the high-stakes examination; (2) that examinees’ ways of working 

exhibit the general structure of the practice that is commonly found in mathematical discourse 

practices. Further studies are required to deepen the understanding of the thinking processes of 

examinees by conducting focus group interviews, where the examinees are afforded opportunities to 

explain their workings in school-based assessments.  

  

Keywords  High-stakes examination,; Ttrigonometry,; Eethnomethodological approach,; 

Rresistance,; Aaccommodation 

 

 

 

Introduction 

Gained knowledge, whether useful or not, and retained over the years of schooling, and 

particularly when studying for an examination, becomes part of the items stored in memory. 
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Examinees engaged in solution seeking actively attempt to retrieve the knowledge that is 

specifically useful in the examination context from all other previously learned knowledge. 

However, in a high-stakes examination or any other school-based assessment, examinees 

are only allowed to respond to an examination question paper within a specified time, which 

means they are under pressure to access and retrieve the correct/context-appropriate 

knowledge. The realisation that knowledge is produced and accessed within specific 

situations – and in this case, time-sensitive and high-stakes examinations (Lave, 1988; 

Lerman, 2000; Wenger, 1998) thus requires us to move beyond an exploration of learning 

that relies solely on the psychology of the mind.  

The above authors suggest that we also consider the context and setting of the learning 

situation. For instance, with regard to retrieving stored knowledge to respond to mathematics 

questions in a high-stakes examination, one must be mindful that the high-stakes 

examination room does not exist without a context. Whether knowledge is gained or 

retrieved, the situatedness remains important to the student. This study is an extension of 

chapter published in a book which reflect on Continuous Professional Development (CPD) 

of mathematics teacher (Julie, Smith, & Holtman, 2019). The extension explored how the 

retrieval of knowledge in the NSC examination is visible in the written responses of 

examinees on the topic of trigonometry. In addition, the study analysed students’ written 

works on the topic of trigonometry in the high-stakes NSC examination as part of the Further 

Education and Training (FET) Phase in South Africa (Department of Basic Education 

(DBE), 2011).  

 

High-stakes examinations in the South Africa context 

The primary function of external examinations such as high-stakes NSC mathematics 

examinations, is, firstly, to sort and classify students according to their ability to do 

mathematics. More importantly, however, the results of these external examinations are used 

to make decisions that have serious consequences for schools, learners, and the education 

system. For example, the results are important for the learners because it determines whether 

they qualify for university, for schools because of prestige and allocation of future funding 

from government, and for the education system results have huge implications for 

curriculum reform. Therefore, the extent of the consequences attached to these examinations 

is what gives them their distinguishing features. Jacobs 

et al., (2014) point out that examinations serve a variety of purposes; for instance, the grades 

of these examinations can be used for placements in institutions of higher learning. In their 

classification of different examinations operating in the current South African schooling 

system, their study clearly shows that the NSC examination is heavily weighted in terms of 

external procedures and causal factors.  

The NSC represents a high point in schooling for all Grade 12 learners in South Africa. 

As such, the final NSC examination may be regarded as the most important examination that 

South African learners write at the culmination of 12 to 13 years of schooling. It is a common 

practice that much of the teaching in the last three years of schooling is geared towards 

preparing learners to succeed in this examination. It is still by far the most popular 



 

determinant of access to higher tertiary education and, to a lesser extent, to the world of 

work; this makes it an unavoidable yet controversial form of assessment.  

According to Brown, Lauder and Ashton (2008), the consequence of not obtaining an 

NSC certificate implies the exclusion of school-leavers (whether youth or adult learners) 

from the formal economy. Not achieving a good enough pass in the final NSC examination 

makes it much more difficult for learners to be accepted for further tertiary education. In the 

current education landscape, most of the focus when assessing subject performance has been 

on mathematics and science because the South African economy needs students in these 

fields particularly. Many researchers have examined the impact of high-stakes examinations 

on issues such as dropout rates and emotional impact on learners. For example, Griffin and 

Heidorn (1996) showed that high achievers experience a substantial drop in self-esteem, or 

they feel embarrassed in front of their peers for underperforming or failing. Their 

investigation infers that high-stakes examinations have a more pronounced effect on high 

achievers.  

Madaus (1991) states that high-stakes examinations can be extremely stressful, and that 

they can have a negative effect on a student’s personality, which ultimately influences their 

self-concept and self-esteem. Schmidt, Lerew and Jackson (1999) studied the impact of 

stress on students who repeatedly failed standardised tests, specifically on those students 

who were not expected to fail. According to their interview data, failing such important tests 

damages students’ self-belief, has a negative impact on their relationship with their parents, 

and alters their future educational and career plans. Literature surveys in educational 

research (Harlen & Deakin Crick, 2002; Kluger & DeNisi, 1996) show that the effect of 

learning through memorisation reduces creativity and innovation. A study done by 

Barksdale, Ladd and Thomas (2000) confirmed the view that high-stakes testing may in fact 

harm learners’ health by causing excessive anxiety and stress. Wheelock, Bebell and Haney 

(2000) found evidence of this, such as anxiety, anger, and pessimism, particularly among 

older students.  

The above research gives an idea of the contextual features and the psychological 

impact of the NSC examination on the examinees. This study is concerned with such 

examinees’ ways of working, specifically with reference to seeking solutions to 

trigonometry problems in the high-stakes NSC mathematics examination.  

 

Trigonometry as mathematics topic 

Trigonometry requires learners to have knowledge of several sophisticated 

mathematical concepts, such as “the association of numbers with the sides of a triangle 

representing length, measure of angles, ideas of …  and symbolic notation” (Raj & Nega, 

2011, p. 236). For learners to pursue engineering, physics, construction, and design, they 

must develop a basis of trigonometric knowledge in school. Hence, trigonometry has an 

important place in the mathematics curriculum in many countries, even though its 

curriculum may vary from country to country at secondary school level (Delice & Roper, 

2006). Trigonometry is a compulsory topic for all Grade 10 to 12 learners who do 

mathematics in South Africa. Orhun (2004) studied the difficulties that learners encountered 

when using trigonometry to solve problems; he/she found that learners did not fully 



understand or develop the concepts of trigonometry and thus made some errors 

(Chinnappan, Nason & Lawson, 1996). This is not only the case in South Africa. According 

to Thompson (2008), middle school and secondary school learners in the United States of 

America (USA) also find trigonometry especially difficult. He claims that the difficulty of 

trigonometry lies in an incoherence of foundational meanings developed in the lower grades 

– similar findings emerged from other studies (Gür, 2009; Sofiyah, 2018; Walsh, 

Fitzmaurice, & O’Donoghue, 2017). Weber (2005) also states that students find it 

difficult to learn trigonometric ideas and concepts, and that the causes of these difficulties 

seem to be multifaceted and interrelated – a view shared by Sofiyah (2018) and Orhun 

(2004). The challenges and pressures related to high-stakes examinations as well as the 

difficulties experienced by examinees when engaging with trigonometry problems is what 

this paper aims to expose by using Garfinkel’s (1967) concept of ethnomethodology and the 

notion of agency put forward by Pickering (1995) with reference to resistance and 

accommodation. These concepts will be discussed below.  

 

Theoretical Framework 

Ethnomethodology  

The theoretical framework for this paper draws on the concept of ethnomethodology 

(Garfinkel, 1967), which looks at how ordinary people use commonsense knowledge, 

procedures and considerations to gain an understanding of everyday situations. 

Ethnomethodology is the study of practical action and practical reasoning (Garfinkel, 1991), 

in order to clarify a theoretical conception of social phenomena, such as social order, social 

facts, social structures, reflexivity, accountability and ethnomethodological indifference. 

This paper thus uses ethnomethodology to explore the constitutive, situated nature of 

mathematical work. The objective of ethnomethodology is to extract the social facts from 

the practical social actions (Simons, 2016). The process of doing so is clarified in 

Durkheim’s (1950) description of sociological studies, in which he established the objective 

reality of social facts as a fundamental principle of sociology. From an ethnomethodological 

perspective, examinees as actors in the examination room themselves produce social facts, 

or conduct themselves in such a way that produces and makes visible the social facts. In 

turn, the social conditions (of high-stakes examinations, in this case) determine what actors 

(examinees) do. All the properties of the social order are thus made visible locally (in situ) 

with the result that social scientists and ethnomethodologists can see what participants are 

doing. Liberman (2012) agrees that the organisation of social order occurs naturally in its 

setting.  

The concepts of social order and social action cannot be approached independently, as 

they occur in a cyclical process (Coulon, 1995), which makes the constitutive characteristics 

of social facts and social action an unavoidable part of the mathematical production and 

makes the detail of mathematical production important. Dourish and Button (1998) 

emphasise the fact that practical social action attracts attention to how participants do it, and 

how the production and understanding of the social actions are formed “for practical 

purposes”. The practical social action exists in all thinking processes, and in the choice of 

mathematical skills selected to accomplish what was set out for the examinee to achieve. 



 

Examinees’ solutions to mathematical problems are only part of the account of their 

understanding of mathematics, in terms of the totality of the natural occurrence in situ. The 

interaction of examinees and all relevant role players in the examination room is part of the 

distinctive, stable arrangement of the institution of the high-stakes NSC examination. In its 

exploration of examinees’ ways of working, this study analysed the dialectic production of 

mathematics within a social order, and is concerned with responses that indicate how 

examinees go about doing the work and interpreting the examination questions in situ. 

 

Pickering’s notions of resistance and accommodation 

Pickering defines the “occurrence of a block on the path to some goal” as a form of 

resistance (Pickering, 1995, p.569). This resistance is accommodated by different 

interactions. Pickering (1995) thus sees accommodation as a tentative human approach that 

circumvents obstacles. A reversal is an example of such a way of working: when a learner 

arrives at a point of resistance in his/her calculations, the learner removes the produced work 

in the process of accommodating for that particular resistance (Julie, 2003), and starts over 

with the same solution-seeking approach but along a new path, with a different strategy, 

until a result is reached. Another way of working uses the notion of a ‘convenience’, where 

the examinee creates a problematic situation by using a faulty method to simplify a 

mathematical problem to arrive at a suitable objective (Julie, 2003). This way of working 

shows the abandonment of a completed solution-seeking pursuit and the examinee’s 

recommencement with minor adjustments to their first attempt to reach the objective given 

in the problem text.  

This study therefore sought to answer the following research questions on the topic of 

trigonometry based on the written responses from the high-stakes NSC examinations: 

1. What are the characteristics of the dialectic resistance and accommodation of ‘reversal’, 

which were observed in the students’ solutions on the topic of trigonometry?  

2. What are the characteristics of the dialectic resistance and accommodation of 

‘convenience’, which were observed in the students’ written work on the topic of 

trigonometry?  

 

Method 

A qualitative research design was followed in this study; this meant that examinees’ 

ways of working in producing their responses to questions in a high-stakes examination were 

used to describe the phenomena under investigation. According to Jacob (1987), a 

qualitative research methodology attempts to present the data from the perspective of the 

learners, in this case. Denzin and Lincoln (2011) describe qualitative research as a set of 

interpretive, material practices that make the world visible.  

The research for this study was done within the framework of ethnomethodology. 
The analysis was thus guided by ethnomethodological principles, such as 

reflexivity with the notion of building up accounts to make sense of the problem text, 

indexicality and an overall approach of being non-judgemental thus the idea of 

ethnomethodological indifference. Coupled with these principles is the  dialectic of 

resistance and accommodation that unobtrusively influenced the underlying techniques. 

Data was gathered from the high-stakes NSC examination that had been written in 2012. 

Commented [KW2]: Overall, this requires some elaborations 

since, for most Indonesian researchers, this method provides new 

insight into mathematics education research. Please see comments 

below! 

Formatted: Font: (Default) Times New Roman

Commented [KW3]: The general overview of the 

ethnomethodology has been adequately addressed in the theoretical 

framework. In this part, it is better to contextualize the intended 

principles when doing the analysis. It is considered essential for the 
readers who are new to this framework.   

Commented [KW4]: Further elaborations about data and its 

collection are also required. For example, what is the total number of 

the examinees? How many examinees’ written works are used for the 

analysis? How the examinees’ works were selected? Why those 

works were selected?  

The general information about the test items is also important. For 
example, what are mathematics contents included in the NSC? What 

is the proportion of the geometry content? etc.   



The data were organised by means of a convenience sampling strategy. This sampling 

strategy fits into the already selected sample called Local Evidence-Driven Improvement of 

Mathematics Teaching and Learning Initiative (LEDIMTALI) (Julie 2011). LEDIMTALI is 

a project where educators, mathematics educators, mathematicians, and curriculum advisors 

collectively and collaboratively work to ultimately induce the learners’ achievement at their 

highest potential in mathematics (Julie 2012). The sample of schools in the LEDIMTALI 

was chosen according to the following input agreed upon by all relevant role-players:  
 

• Ten schools were part of the initiative 

• Schools were all functional 

• Schools were from the same district 

• The school had at least one class for mathematics at Grade 12 level 
 

From above selection criteria 10 schools were selected all based in the Western Cape 

Province in South Africa. The total number of mathematics question papers (Paper 2) of all 

ten schools amounted to 380. Furthermore, only questions on trigonometry were selected 

for analysis. Therefore as noted earlier, only the questions pertaining trigonometry in Paper 

2 (Questions 8.9.10.11, and 13) were selected for analysis. All these questions were 

scrutinized and questions which showed visible textures in the ways of working were 

selected. 94 scripts were found to have some form of texture. Here the textures are a product 

of the ways of working of examinees. In other words, the textures represent some type of 

abandonment of a pursuit in a solution-seeking path. The ways of working as put earlier are 

responses to the problem text in pursuit of a suitable solution. 

 

Findings 

Through the dialectic of resistance and accommodation and the ethnomethodological 

constructs, the textures of the examinees’ ways of working in their pursuit of an objective 

or a solution became noticeable. The dialectic of resistance and accommodation, as 

explained by Pickering (1995), where resistance denotes the failure to achieve an intended 

outcome, is captured by the agency in practice. Accommodation is an active human strategy 

of responding to a resistance, which can include concepts like adaptations, inclusions and 

exclusions, among others. This happens when there is a ‘looking back’ or a revision of goals 

and intentions. When the resistance goes unnoticed, it is a case of non-firing of resistance. 

In the following section, an analysis of students’ dialectic resistance and accommodation of 

‘reversal’ and ‘convenience’ is presented, based on the students’ written work on the topic 

of trigonometry from the 2012 high-stakes examination.  

Reversal  

Julie (2003, p.121) posits that “reversal is where a calculated resistance was created and 

the learner removes the produced work by drawing a line through it and starts over 

immediately from a certain point”. The re-start is on the same solution-seeking path, albeit 

with a different strategy, until a result is reached. Figure 1 is a learner’s response to Question 

9.2 from Paper 2 of the 2012 high-stakes NSC mathematics examination.  

 



 

 

 
Figure 1: Reversal – an example of a student’s work 

 

As with the solution-seeking paths illustrated in Figure 1, the learner starts by writing 

down the symbolic objective in 𝑙𝑖𝑛𝑒 1, which is part of the question. Line 2 of Figure 1 

shows the examinee replacing 𝑠𝑖𝑛104° by the acute angle for the relationship 𝑠𝑖𝑛 (180° −

104°) to 𝑠𝑖𝑛76°. The examinee then uses the trigonometric relationship of double angles to 

transform (2𝑐𝑜𝑠215° − 1) to 𝑐𝑜𝑠2(15°). The next steps show the examinee using the 

identity relationship to substitute 𝑡𝑎𝑛38  with   
𝑠𝑖𝑛38°

𝑐𝑜𝑠38°
  in line 2 of Figure 1. The reduction 

formula of 𝑠𝑖𝑛(360° + 52°) = 𝑠𝑖𝑛52° is also used to express 𝑠𝑖𝑛2412° as 

(−𝑠𝑖𝑛52°). (−𝑠𝑖𝑛52°). The following steps show the produced work in lines 3 and 4 

abandoned and scratched out, upon obtaining 𝑐𝑜𝑠14° and 𝑐𝑜𝑠52° in line 4. The re-starting 

Line 1 

Line 2 

Line 3 

Line 4 

Line 5 

Line 6 

Line 7 
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point, or ‘reversal’, is where the examinee copies the abandoned work 𝑐𝑜𝑠(90° − 76°) and 

𝑐𝑜𝑠30° in the exact form – the numerator in line 3 to the numerator in line 5 – of Figure 1. 

The examinee has thus moved back and now follows a different strategy to fit the 

mathematical context. In the same instance, the examinee adapts 𝑐𝑜𝑠(90 − 38) to 

𝑐𝑜𝑠(90 − 52) and then evaluates it as −𝑠𝑖𝑛52. Line 5 of Figure 1 shows that the examinee 

replaces 𝑐𝑜𝑠14° with 𝑠𝑖𝑛14° and 𝑐𝑜𝑠52° with 𝑠𝑖𝑛52°. The approach proceeds in line 6 of 

Figure 1, showing the simplification of the work in line 5 of Figure 1 and giving the 

expression 
𝑠𝑖𝑛14.√

3

2

𝑠𝑖𝑛52°−𝑠𝑖𝑛52°
. The last part of the answer sees the examinee simplifying 𝑐𝑜𝑠30° 

with its angle-side ratio of  √3

2
 , and cancelling 𝑠𝑖𝑛52° − 𝑠𝑖𝑛52° to obtain  𝑠𝑖𝑛14°. √3

2
  as a 

final result.  

Convenience  

Julie (2003, p.121) states that “convenience is where the examinee creates a situation 

using a faulty method to simplify a mathematical problem to get to a suitable objective”. 

This way of working shows the abandonment of a completed pursuit and the examinee’s 

recommencement with minor adjustments to their first attempt to reach the objective given 

in the problem text. Figure 3 shows a response to Question 11.1 of Paper 2 in the 2012 NSC 

mathematics examination.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. November 2012 NSC Mathematics Paper 2, Question 11 

 

 

Figure 3: Convenience: Abandonment labeled as rough work – an example of a student’s work  

Line 1 

1 

Line 2 

Line 3 

Line 4 
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Line 6 
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In line 1 of Figure 3, the examinee copies the formula in the inverse form as 
𝑠𝑖𝑛𝐴

𝑎
=

𝑠𝑖𝑛𝐵

𝑏
=

𝑠𝑖𝑛𝐶

𝑐
 from the information sheet. Line 2 of Figure 3 shows the values of 𝑎 replaced by 

𝐵𝐶, 𝑏 replaced by 𝐴𝐵  and 𝑐 unchanged. In line 3 of Figure 3, 𝐵𝐶 is substituted by 2 and 

𝐴𝐵 by 3. In line 4 of Figure 3, the examinee produces 6𝑠𝑖𝑛𝐶 as a solution for 
𝑠𝑖𝑛𝐶

3
×

2

1
. Both 

sides of the equation in line 4 are then divided by 𝑠𝑖𝑛𝐶, which renders   
𝑠𝑖𝑛𝜃

𝑠𝑖𝑛𝐶
= 6𝑠𝑖𝑛𝑐. Further 

work in line 5 of Figure 3 shows the examinee multiplying both sides of the equation with 
𝑠𝑖𝑛𝑐

1
 to obtain a solution of 𝑠𝑖𝑛𝜃 = 6𝑠𝑖𝑛𝐶 in line 6. This way of working leads to the 

complete abandonment of the response and is labelled as rough work: 
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Figure 4: Convenience: New pursuit with minor adjustments – an example of student’s work 

 

The new pursuit sees the examinee persisting with the same formula. Line 1 of Figure 

4 shows the examinee copying 
𝑠𝑖𝑛𝐴

𝑎
=

𝑠𝑖𝑛𝐵

𝑏
 from line 2 of the previous response with an 

adjustment to the formula by excluding 
𝑠𝑖𝑛𝐶

𝑐
. In line 3 of Figure 4, the examinee continues 

to multiply both sides of the equation with ‘b’. Further work in line 4 of Figure 4 sees the 

examinee substitute 2 in the place of ‘a’ and 3 in place of ‘b’. Line 5 of Figure 4 shows  
𝑠𝑖𝑛𝐵

𝑏
  replaced by 𝑠𝑖𝑛𝜃. The examinee leaves 6 = 𝑠𝑖𝑛𝜃 as the result. 

 

Discussions 

Reversal  

After writing down the symbolic objective in line 1 of Figure 1, the examinee continued 

seeking a solution. After making use of various trigonometric relationships, such as side 

angle relationships of right-angled triangles, acute angle relationships and double angles, the 

examinee’s pursuit rendered (−𝑠𝑖𝑛52°). (−𝑠𝑖𝑛52°) in line 2 of Figure 1. However, the 

expression (−𝑠𝑖𝑛52°). (−𝑠𝑖𝑛52°) upon rendering the negative," − ", signs of the expression 

in the brackets. The exertion of agency occurred when the examinee ‘saw’ 𝑠𝑖𝑛 as negative 

in the fourth quadrant. The 360° obtained in the evaluation process contributed to this 

deduction, because the normal course of teaching a relationship with 360° is associated with 

the fourth quadrant. In line 2 of Figure 1, 𝑐𝑜𝑠 38° and (−𝑠𝑖𝑛52°) were both cancelled, as 

indicated by the arrows pointing to cancelled parts of the fraction in line 2. It was clear from 

the deleted part (𝑐𝑜𝑠38), which appeared in the numerator of the expression 
𝑠𝑖𝑛38

𝑐𝑜𝑠38
 and 

(−𝑠𝑖𝑛52°), that the objective was to obtain the same ratio in terms of 𝑐𝑜𝑠. This way of 

working illustrates a case of reflexivity, where things done before were referred to, whilst 

changing direction. 

In line 4 of Figure 1, the method rendered 𝑐𝑜𝑠14° and 𝑐𝑜𝑠52°. Although 𝑐𝑜𝑠14° and 

𝑐𝑜𝑠52° flow from the previously produced proceeding step, it did not comply with the 

chosen mathematical context to achieve an objective “without the calculator” as per 

examination requirement, and thus this abandonment indicated the calculated resistance 

caused by the mathematical context in terms of the direction taken in the solution-seeking 

pursuit. Further work after the abandonment showed that the examinee copied  

𝑐𝑜𝑠(90° − 76°) and 𝑐𝑜𝑠30° in the exact form from the numerator in line 3 to the numerator 

in line 5 of Figure 1. The examinee thereafter moved back and followed a different strategy 

to fit the mathematical context. In the same instance, the examinee adapted 𝑐𝑜𝑠(90 − 38) 

to 𝑐𝑜𝑠(90 − 52) and then evaluated it as−𝑠𝑖𝑛52. This could be observed in line 5 of Figure 

1, where it showed the examinee replacing 𝑐𝑜𝑠14° with 𝑠𝑖𝑛14° and 𝑐𝑜𝑠52° with 𝑠𝑖𝑛52°. 

The pursuance of solution seeking shows the rationality of work from the abandoned 

pursuit that might still be appropriate in its exact form, or that might need some reworking 

but could still lead to a desired result “without the calculator”. The ways of working up to 

this point show the continued non-firing of resistance in terms of the retention of 𝑐𝑜𝑠(90 −

76) by rendering it as 𝑠𝑖𝑛14°. The evaluation of  𝑐𝑜𝑠(90 − 76) in terms of the acute angle 
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relation would have taken the pursuit back to line 2, thus ending up with 𝑠𝑖𝑛76. Although 

𝑠𝑖𝑛14° exerted agency in terms of the use of the co-function, and the examinee persisted 

with it up to the final result.  

 

Convenience  

The texture of ways of working emanating from the analysis started with the examinee 

writing down the formula to prove the area of the parallelogram equal to 6𝑠𝑖𝑛𝜃. The 

examinee’s interpretation of the area of the parallelogram was triggered by the formula given 

in the formula sheet, which showed ∆𝐴𝐵𝐶: 
𝑎

𝑠𝑖𝑛𝐴
=

𝑏

𝑠𝑖𝑛𝐵
=

𝑐

𝑠𝑖𝑛𝐶
. The selection of this formula 

exerted agency in the form of a ‘convenience’, which indicated the use of a faulty method 

in pursuance of a suitable solution, in order to prove the objective given in the problem text. 

The examinee ‘saw’ the diagram in Figure 2, which represented parallelogram ABCD, 

consisting of two triangles, which allowed the mathematical argument to prove its area, 

ABCD = 6𝑠𝑖𝑛𝜃. The concept of congruent and similar triangles made up the mathematical 

argument in relation to the information given in the text and the diagram in Figure 2, as well 

as the formulae provided in the information sheet.  

The work in line 2 of Figure 3 showed the examinee had cross-multiplied 𝐵𝐶  with 
𝑠𝑖𝑛𝐵

𝑏
 

and 
𝑠𝑖𝑛𝐶

𝑐
 [

𝐵𝐶

1
×

𝑠𝑖𝑛𝐴

𝑎
=

𝑠𝑖𝑛𝐵

𝑏
×

𝐵𝐶

1
] and omitted  

𝑠𝑖𝑛𝐴

𝑎
 , probably because there are only two 

values given in the diagram ABCD in Figure 3. The examinee’s way of working was towards 

a formulation where given values could be used. The examinee thus replaced 𝑠𝑖𝑛𝐵 with 

𝑠𝑖𝑛𝜃 on the right side of the equation in line 3 of Figure 3. This is probably due to the 

position of 𝜃 in parallelogram ABCD in Figure 2. The diagram in Figure 2 shows 𝜃 as angle 

B, which is noticeable in the given problem text, "𝐴𝐵̂𝐶 = 𝜃". The work produced up to the 

final answer was abandoned and a new pursuit was started. The rough work shown in Figure 

3 was a completed solution. This was not in the form of helpful notes, scribblings or short 

reminders of what were important planned calculations. It was not of a kind common in the 

way of working in mathematics when learners do rough work in the margin of the page or 

in a space away from the original pursuit. In this instance, contributing to this form of 

labelling was the instruction given to examinees in the NSC examination, to do all rough 

work on the examination script.  

Plausibly the examinee checked the result in line 6 of Figure 4, 𝑠𝑖𝑛𝜃 = 6𝑠𝑖𝑛𝑐 against 

the problem text to “prove the area of parallelogram ABCD = 6𝑠𝑖𝑛𝜃”. The examinee found 

that the result was not suitable in terms of the objective given in the problem text. Such 

checking is part of the examinee’s historicised mathematical knowledge. A common 

instruction given by teachers to learners and by invigilators to examinees is to “make sure 

of your answer”. It was this type of checking that triggered the resistance and that caused 

the examinee to label the work as rough work and draw lines through it.  

In the new pursuit, the work showed some adjustments; however, the examinee still 

used a method that did not serve the purpose of obtaining a suitable solution. The 

continuation of this way of working showed the non-firing of in terms of ‘convenience’. 

This might be due to the representation of 𝑠𝑖𝑛 in the sine rule formula as shown in the 



information sheet and the 𝑠𝑖𝑛 in 6𝑠𝑖𝑛𝜃 given in the problem text. The exclusion of  
𝑠𝑖𝑛𝐶

𝑐
 was 

to accommodate for the result in line 6 of Figure 3 in the abandoned pursuit. The adjustment 

of the formula probably led to the expectation that the pursuit would render something closer 

to the objective. The examinee’s way of working – of replicating and adjusting work (see 

from Figure 2, as used in Figure 4) – shows reflexivity. Although the work in Figure 3 was 

labelled as rough work, the examinee saw this work as part of the evidence of a solution-

seeking pursuit to solve a mathematical problem. However, it also indicates that the 

examinee saw this work as useful and as a relevant attempt to do the actual work that would 

produce a suitable solution. 

The examinee’s ways of working in line 6 of Figure 4 start out with " ∴ ", which means 

“therefore”, thus showing that what follows is derived from the previous work. This notion 

of making " ∴ " is a pursuance that shows procedural fluency, giving reason and meaning to 

the path that had been travelled so far. However, the pursuit re-routed to a totally different 

path by taking the given information and constructing a final answer. The re-routed path 

shows the examinee writing  𝐴𝐵 × 𝐵𝐶 = 𝑠𝑖𝑛𝜃 and substituting 𝐴𝐵 × 𝐵𝐶 with 3 and 2 

respectively. The examinee then multiplies “3 × 2” and leaves the outcome as 6 = 𝑠𝑖𝑛𝜃 in 

line 7 of Figure 4. In this instance, the problem text probably exerted agency, which brought 

the examinee’s work closer to the given objective stated in the problem text. The pattern of 

work that emerged from this analysis is of a kind in which agency is exerted upon the 

examinee’s path of pursuing a solution to a mathematical problem. The foregoing discussion 

indicates that the ways of working and the exertions of agency led to a resistance in the 

solution-seeking path was then accommodated for. In some cases, agency was exerted, and 

the non-firing of resistance occurred.  

 

Conclusion, implication and further research 

This study has contributed towards exposing the practices that learners engage in when 

solving mathematical problems in high-stakes examinations. It has shown how examinees 

engaged the problem text, resulting in various ways of working along solution-seeking paths. 

In addition, the study adds value to the type of feedback generated within high-stakes NSC 

mathematics examination. It illustrates an alternative type of feedback, which can be 

extracted from the learners’ ways of working with trigonometry. Furthermore, this study has 

contributed to the drive of the South African Department of Basic Education (DBE) to 

improve mathematics results in our schools.  

According to the findings of this study, the method of doing mathematics in a high-

stakes examination resembles a mathematician-like way of working. As suggested by 

Schoenfeld (1987), it should therefore be the aim of mathematics educators to 

introduce learners to such mathematics practices. Julie (1992) goes further, asserting that 

learners should be given the opportunity to practise this mathematician-like way of doing 

mathematics at their own level.  

Furthermore, teachers need to see examples, such as the abandoned work presented in 

the analysis, as a useful object of teaching and learning. When teachers allow learners to 

make sense of this solution-seeking process, it will foster a greater understanding of their 

own ways of ways of working in a time-restricted examination. According to Lampert 



 

(1990), the content of mathematical lessons should show mathematical contexts that expose 

learners to strategies that support or reject solutions instead of simply searching for the 

answer. This way of doing mathematics should furthermore encourage interaction between 

learners to discuss their solution-seeking strategies. The resulting meaning-making will give 

learners a greater understanding of their own ways of working. This process of getting 

learners to analyse, explain, and interpret when they abandon an approach will also provide 

learners with more direct feedback, which will in turn improve their understanding of their 

own work in a specific mathematical context.  

Watson and Mason (2006) argue that the use of such mathematical objects even in 

highly organised situations in which learners reach for the same answers or practical 

accomplishments using the exact same data, may offer learners experiences. It would allow 

teachers to plan their teaching from the learners’ perspectives.  

Future research may involve the practice of encouraging collaborative group work 

among learners to ascertain the strategies learners employ when analysing and interpreting 

responses taken from school-based assessments, such as class tests and examinations as well 

responses from high-stakes examinations. In addition, further studies are required to deepen 

the understanding of the thinking processes of examinees by, for instance, conducting focus 

group interviews where examinees are afforded opportunities to explain their workings in a 

school-based assessment.  
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