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Abstract  

There is a global concern for retention and success of students in higher 

education engineering programmes, in particular for students from under-

represented communities. Low success in engineering programmes can be 

partly attributed to students failing mathematics or being unable to articulate 

mathematics in other engineering courses. This research explores how 

understanding the academic preparedness of engineering students in relation to 

their performance in university mathematics can direct curriculum changes to 

improve student success, driven by the research question: “How can the analysis 

of student data contribute to understanding student performance in calculus?” 

Data from engineering students in an extended curriculum programme at the 

University of Cape Town (UCT) were analysed to generate profiles from 

variables including gender, home language and performance in university 

admissions tests. Profiles were related to performance in three consecutive 

engineering mathematics courses. To determine which variables had the greatest 

explanatory power on engineering mathematics scores, relative importance 

analysis was applied. There was no evidence that weaknesses in terms of pre-

university mathematics performance held students back from succeeding in the 

first two engineering mathematics courses at UCT, at least within the support 

context of the extended curriculum programme. When analysing according to 

engineering mathematics performance levels (e.g., fail versus first-class pass), 

academic literacy and, to a lesser extent, quantitative literacy emerged as having 

greater relative importance than pre-university mathematics in explaining the 
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variance in engineering mathematics scores. The findings imply that 

interventions to improve the success of engineering students should include 

developing academic literacy practices, potentially in first- and second-year 

mathematics courses. We reflect on how the relative importance analysis of 

student data strengthens similar findings from other research on the importance 

of language in mathematics by highlighting the most important variables 

explaining students’ mathematics performance. 

Keywords: curriculum change; profile; mathematics; vector calculus; academic 

literacy; diagnostic assessment; engineering students; relative importance 

analysis; student success; language in mathematics 

Introduction 

In line with economic and political incentives to diversify the engineering workforce, 

the goals of organisations such as the Council for the Built Environment in South Africa 

(2019) include increasing the number of engineers from under-represented population 

groups. The benefits of greater diversity in engineering classes include improved 

efficiency and effectiveness in problem-solving (Pinto and Teixeira 2020) and 

developing robust graduate attributes in engineering students who are likely to work in 

a culturally diverse workplace. However, simply increasing student numbers in 

engineering programmes is not enough. There is a need to consider who drops out, why, 

and how they could be supported. The South African context is further hampered by the 

legacy of racial discrimination, injustices, inequalities and unequal socio-economic and 

educational structures that continue to favour middle-class students (De Clercq 2020). 

As higher education expands to accommodate more students, it is imperative to 

understand our current students and what their journeys thus far have entailed for us to 

tailor an educational experience that best suits them. In this way we can provide “a 

foundation for continuous improvement” (Maller et al. 2007, 3). A knowledge of the 

profiles of our students will allow us to examine and adjust our strategies and 

pedagogies to serve the diverse learning and engagement needs of all our students 

through the development of directed interventions. Reflecting on teaching in a scholarly 

and directed way will lead to a refinement of the learning activities to meet the actual 

rather than perceived academic needs of students and go some way towards addressing 

the diversity in classes. Resulting curriculum changes to enhance the provision of 

mathematics support have the potential to improve retention and graduation rates by 

providing education that caters for all students. 

The study of mathematics is vital to engineering courses and has an important bearing 

on the success of engineering students. However, many concerns have been raised by 

researchers about the transition from studying mathematics at high school to university 

(Kouvela 2017; Solomon and Croft 2016). In addition, large classes and diversity in 

earlier academic experience make the teaching and learning of mathematics in higher 

education a difficult terrain to navigate (Lithner 2011), particularly for students who are 
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second-language English speakers as they must “fight two enemies” (Brock-Utne 2000, 

185): the language and the disciplinary content. We agree with Martin (2006, 202) that 

“teaching and curriculum design can contribute to … racialized experiences and … 

disparate achievement and persistence”, and that good teaching and reforming the 

curriculum will not alone overcome “the murkiness and complexity of socio-contextual 

forces”. 

Engineering programmes at many South African institutions are competitive, accepting 

only students with the best school results. Yet retention of engineering students is an 

ongoing concern in South Africa (Mouchou Tchamdjeu, Steenkamp, and Nel 2018). 

This study examines data from the University of Cape Town (UCT). Despite being the 

top ranked university in Africa (CWUR 2020), the UCT graduation rates for 

undergraduate engineering degrees have remained below the National Plan for Higher 

Education goal of 20% of incoming students graduating in minimum time (UCT 2018, 

187). Progress statistics show that 15% of engineering students who started at UCT 

between 2010 and 2014 left within five years due to slow academic progress; 8% left in 

good academic standing, and five-year completion rates are skewed in favour of white 

students (83%) compared to Indian (69%), coloured (63%) and African (49%) students 

(UCT 2018, 206–10). Various forms of government-funded extended curriculum 

programmes exist at South African universities to increase access and success, 

recognising that the “need to overcome our apartheid past … is an on-going battle” 

(Garraway 2017, 112). 

This research is situated in the Academic Support Programme for Engineering 

(ASPECT) at UCT. ASPECT is a structured extended curriculum programme that 

allows students to choose to complete a four-year engineering degree in five years, by 

spreading the load for the first two years over three years, based on their performance 

in their first six weeks at university. Students take mathematics and physics in smaller 

classes where the pedagogy subscribed to is one of active learning. Mathematics and 

physics lectures and tutorials are rooted in social constructivist theories of learning, are 

interactive, involve regular and immediate feedback, and centre on cooperative learning 

groups. Further opportunities for learning are created by enabling study groups to form 

and by appropriately using technology. A supportive environment is created through 

scaffolding provided by patient and caring lecturers and tutors with strong discipline 

and pedagogical expertise. 

Having passed two semester courses in engineering mathematics (Calculus 1 on 

differential calculus and Calculus 2 on integral calculus), the third course, Calculus 3, 

on vector calculus, remained an obstacle, with failure rates ranging from a modest 17% 

to a high of 48% in the years 2015 to 2019. Calculus is central to engineering studies 

and vector calculus is a difficult course in undergraduate mathematics studies (Othman 

et al. 2015). We have observed that many students struggle with the concepts in this 

course. There are various issues attributed to this struggle, as suggested by Padayachee 

and Craig (2020), that include difficulty with visualising and sketching in three 
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dimensions, a lack of problem-solving skills, students’ beliefs, and that the course 

demands mastering complex and new ideas in a limited time. 

As mathematics lecturers in this support programme, we reflected on the question, 

“How can the analysis of student data contribute to understanding student performance 

in calculus?” In this research article we seek to identify the key factors influencing 

calculus results. To achieve this end, we apply statistical methods, focusing on the 

relative importance analysis using university admission data from National Benchmark 

Tests in mathematics, quantitative literacy, and academic literacy. Data was analysed 

from students whose first attempt of Calculus 3 was in one of the 10 semesters in the 

five years from 2015 to 2019. 

The variables highlighted as having the highest bearing on students’ performance in 

Calculus 3 were academic literacy subdomains, irrespective of home language spoken. 

The unexpected findings led to purposeful reflections on how the analysis of student 

data can contribute to our scholarship of teaching and learning and how important it is 

to avoid subconscious assumptions about students’ backgrounds and their impact on 

student success. The findings will be interpreted using Moschkovich’s (2013, 2015) 

framework of academic literacy in mathematics, which is discussed in relation to 

broader academic literacy theory after the next section on the value of statistical 

methods to answering our research question.  

Finding the Most Important Factors that Explain Calculus Results 

Relative importance analysis (RIA) is used as a supplement of a statistical method called 

multiple regression, which measures how changes in one variable affect another 

variable (Tonidandel and LeBreton 2011). The goal of RIA is to better understand the 

extent to which each predictor variable in a regression model contributes towards 

explaining variance (R-squared) in the predicted variable. The predicted variable in this 

study is Calculus 3 scores. This understanding is achieved by breaking down the R-

squared into parts such that the value of each part is the contribution of each predictor 

variable towards R-squared. The method to partition the model’s R-squared is not 

straightforward in data where the predictor variables (for example, scores in three 

admission tests) are correlated (Stadler, Cooper-Thomas, and Greiff 2017). Two RIA 

methods to determine the importance of variables have emerged in the literature: 

dominance analysis and relative weight analysis (Tonidandel and LeBreton 2011). The 

main purpose of a dominance analysis is to examine patterns of importance of variables, 

giving a list of the main variables that influence variation. Relative weight analysis 

provides information on how much a predictor variable contributes towards the 

predicted variable either by itself or in combination with the other predictor variables. 

The RIA method used for this article is relative weight analysis. The analysis provides 

insights about the contribution made by each predictor variable towards the predicted 

variable that aids in building theory around the relationship between Calculus 3 

performance and performance in admission tests. Even though the method has faced a 

few criticisms, relative weight analysis helps to better understand the relationship 
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between several predictors in a regression model and the predicted variable. The results 

from the analysis could be used to strengthen or challenge existing theories about a 

specific subject area and aid theory building on the subject area under investigation 

(Tonidandel and LeBreton 2011), which in this research is student performance in 

engineering mathematics. 

Academic Literacies in the Engineering Curriculum 

Academic literacy is the ability to use language to meet the demands of tertiary 

education across different fields of study (Weideman 2018). A disciplinary literacy 

pertains to reading, writing and communicating within a specific discipline (Srivastava 

2017), and is defined as knowledge that supports students’ understanding of concepts 

related to a field of study, such as mathematics (Stoffelsma and Spooren 2019). 

Weideman (2018) contends that academic literacy, seen as the ability to use language 

for cognition and analysis, is fundamental in the progression of a student’s education, 

which is negotiated through language. Cognition and analysis play a significant role in 

a student’s mathematics education. Accuracy of meaning in mathematics is requisite 

and therefore understanding mathematics texts, which usually have “a dense 

presentation style” (Shanahan, Shanahan, and Misischia 2011, 422), is paramount. 

Students also need to be “inducted” into mathematical discourse and allowed to develop 

their accuracy of mathematical language use. Navigating the symbols and diagrammatic 

representations in mathematical texts requires students to manoeuvre between academic 

mathematical language, school language and home language. Special attention should 

be given to academic literacy in mathematics for many reasons: the texts are complex 

and difficult and require extra effort to process, concepts are dense and abstract, 

terminology used is likely to be unfamiliar to students and not encountered in everyday 

language use, the specialised vocabulary, symbols and diagrams place high demands on 

students, and there is a need to recognise and understand patterns, infer main ideas and 

use both inductive and deductive reasoning (Stoffelsma and Spooren 2019). In their 

research on understanding approaches to student writing, Lea and Street (1998) present 

three theories: a “study skills” perspective, an “academic socialisation” perspective and 

an “academic literacies” perspective. Focusing on grammar, syntax, punctuation, and 

spelling, the study skills perspective views writing as a set of learnt skills transferrable 

across disciplines. The academic socialisation perspective was initially thought of as 

inducting students into academic culture, but has been critiqued for the assumption that 

the university has one culture and for ignoring diversity. Academic socialisation is now 

viewed as the induction of students into disciplinary or subject-based cultures and norms 

(Lea and Street 2006). 

Embracing the evolving nature of disciplinary cultures and norms and encompassing 

both the study skills and academic socialisation perspectives, an academic literacies 

perspective views literacies as social practice where the different ways of knowing and 

identity are valued as influencing student learning. Importantly, the academic literacies 

perspective acknowledges that students must negotiate different academic literacies 
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within the university and “the requirement to switch practices between one setting and 

another, to deploy a repertoire of linguistic practices appropriate to each setting, and to 

handle the social meanings and identities that each evokes” (Lea and Street 1998, 159). 

Moschkovich (2015, 44) adopts a sociocultural approach to academic literacy in 

mathematics (ALM) by assuming that mathematical activity is mediated by language, 

signs and social activity, by focusing on the potential for progress rather than learner 

deficiencies or misconceptions, and by extending the ALM framework beyond simply 

“language as words” and “mathematics as numbers”. We align with Moschkovich’s 

(2015) definition of academic literacy in mathematics as three-stranded and intertwined, 

encompassing mathematical proficiency, mathematical practices, and mathematical 

discourse. Mathematical proficiency (Kilpatrick, Swafford, and Findell 2001) is 

described as the combination of five interdependent strands: (1) conceptual 

understanding, which involves understanding concepts, operations, relations and 

comprehending connections and similarities between interrelated facts; (2) procedural 

fluency, which is flexibility, accuracy and efficiency in implementing appropriate 

procedures and includes when and how to use procedures; (3) strategic competence, 

which is the ability to formulate and solve mathematical problems; (4) adaptive 

reasoning, which is the capacity to think logically about concepts and conceptual 

relationships required to navigate through various procedures and concepts to solutions; 

and (5) a productive disposition, which includes the positive self-perceptions that 

develop as students gain more mathematical understanding and capacity to do 

mathematics. Moschkovich’s interpretation of mathematical proficiency is proficiency 

in the content of mathematics, which can be summed up as understanding, representing 

and reasoning in mathematics. Mathematical practices are sociocultural interactions in 

a community of practice (Lave and Wenger 1991) that involve mathematical thinking 

and the use of signs (Moschkovich and Zahner 2018), and include problem-solving, 

generalising, sense-making, reasoning, abstracting, using, connecting and looking for 

patterns in structure or regularity, modelling and imagining (Moschkovich 2015). 

Mathematical discourse connects mathematical cognition to sociocultural practices and 

allows for participation in mathematical practices. More than just the use of language, 

mathematical discourse involves being able to use valued mathematical tools such as 

abstracting, generalising, and using arguments that are precise, brief and well-defined 

(Moschkovich 2015), and it is where students actively transform learning through joint 

activity. Discourse is the essential element to their participation in mathematical activity 

and “involves not only oral and written text, but also multiple modes, representations 

(gestures, objects, drawings, tables, graphs, symbols, etc.), and registers (school 

mathematical language, home languages and the everyday register)” (Moschkovich and 

Zahner 2018, 1000). 

Methods  

A quantitative analysis was used to explore the mathematical proficiencies of 

engineering students at a residential South African university, focusing on the academic 
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preparedness of students and to identify groups of students to target for follow-up 

qualitative research. Diagnostic information from the National Benchmark Tests (NBT) 

was used to explore students’ entry level mathematical proficiency. Engineering 

students’ mathematics performance in the three calculus courses was analysed. 

The research participants were 10 cohorts of engineering students (731 in total) in an 

extended curriculum programme whose first attempt at the 12-week engineering 

mathematics course, Calculus 3, was in one of the semesters in the period 2015–2019. 

A minimum score of 50% allows enrolment in the next calculus course, with failed 

courses repeated in the following semester. First-attempt scores from the two 

prerequisite engineering mathematics courses, Calculus 1 and Calculus 2, and for 

Calculus 3, were gathered for analysis. 

Students self-identified their “race” as defined under the previous apartheid system and 

home language. Gender options were limited to male and female (which is no longer 

the case). The research cohort was 86% South African. The language groups were 

represented as English (44%) and other languages (56%). There were 66% male 

students and 34% female students. The “race” differentiation was 48% black African, 

17% coloured, 10% white, 12% Indian/Asian, and 13% unknown due to students 

choosing not to identify a “race” category. 

To assess the difference in the performance of Calculus 3, performance groups were 

created from both Calculus 1 and Calculus 2 based on the standard university 

performance grouping: Fail (0–49%); 3 (50–59%); 2- (60–69%); 2+ (70–74%); 1 (75–

100%). The “Fail” group includes students who did not take the final examination due 

to achieving less than the minimum score.  

One-way analysis of variance (ANOVA), chi-square tests and relative importance 

analysis were used within the different performance groups to assess the differences in 

Calculus 3 performance. An ANOVA was used to assess whether the differences 

between the means of the Calculus 3 performance groups were statistically significant.  

Results  

The analysis shows that there were statistically significant differences within the 

performance groups with each of the demographic variables. The ANOVA showed that 

there was a significant difference (p = 0.0024) between the mean of the male students 

(54.8%) and the female students (58.6%), with a standard deviation of 15.8% and 

15.5%, respectively, in Calculus 3.  

A statistically significant (p = 0.0155) difference was found between the Calculus 3 

scores of English home-language (EHL) students (54.5%) and English second-language 

(ESL) students (57.4%), with standard deviations of 16.5% and 15.1%, respectively. 

Citizenship and population groupings showed no statistically significant differences in 

Calculus 3 scores. 
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First-attempt performance in Calculus 1 had an effect on Calculus 3 performance. As 

might be expected, the high performers in Calculus 1 were the high performers in 

Calculus 3, and high performers in Calculus 2 were also high performers in Calculus 3. 

Further to the analysis by demographic variables, ANOVA showed that the performance 

in Calculus 3 was significantly influenced by the Calculus 1 performance. Participants 

in the top performance group (based on Calculus 1 scores) had the highest mean score 

of 67% in Calculus 3, with mean scores dropping to 61%, 56%, 52% and 51% in the 

2+, 2-, 3 and Fail categories in Calculus 3, respectively.  

The pattern was similar when repeating the analysis using Calculus 2 performance 

groups. Participants in the top performance group of Calculus 2 had the highest mean 

score of 68% in Calculus 3; the 2+ performance group had a mean score of 57%; the 2- 

category had a mean score of 55%, and participants who were in the 3 or Fail 

performance groups each had the lowest mean score of 47% in Calculus 3. 

Tracking Progress with Relative Importance Graphs 

Extending our focus to explore the possible influence of pre-university diagnostic data 

on performance in Calculus 3, we analysed results from the National Benchmark Tests 

(NBT), which cover 20 subdomains across tests in mathematics (5 subdomains), 

quantitative literacy (6 subdomains) and academic literacy (9 subdomains, see 

Appendix). Using the same performance groups (1, 2+, 2-, 3, Fail), a multiple regression 

analysis was used to determine the independent variables that appear to be more 

important in explaining the performance in each Calculus 3 performance group. The 

NBT subdomains were used in the multiple regression analysis as independent variables 

and each of the Calculus 3 performance groups as the dependent variable. First, the 

relative importance analysis was done on the whole group and then on the Calculus 3 

results grouped according to performance in Calculus 1 and Calculus 2. The graphs and 

the discussion below relate to the results of each analysis. 
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Figure 1: Relative importance of NBT explanatory factors on overall Calculus 3 

performance  

When analysing ungrouped Calculus 3 scores for all 10 cohorts, the NBT variables that 

explained most of the variability in Calculus 3 were the mathematics subdomains of 

trigonometric functions and graphs and geometric reasoning, and the quantitative 

literacy subdomain of relationships, pattern and permutations, as shown in Figure 1. 

The importance of prior mathematics for further mathematics is in line with expectations 

for a discipline with a hierarchical structure, where new concepts build on earlier 

concepts. Interestingly, the academic literacy subdomain discourse accounts for a 

greater explanation of variance of all Calculus 3 students than do the mathematics 

subdomains of algebraic processing and number sense, which are important 

prerequisites for the study of calculus. However, the pattern does not hold when the 

analysis is repeated for subgroups according to performance in Calculus 3.  
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Figure 2: Relative importance of NBT explanatory factors on Calculus 3 performance 

of group 1 

When the analysis is repeated with both Calculus 1 and Calculus 2 subgroups, it is 

revealed that academic literacy subdomains account for the largest percentage in 

explaining the variance in Calculus 3 performance in the highest achieving category 

(group 1). Grammar, text genre, vocabulary and inference are the highest appearing 

subdomains. 

Similarly, looking at the highest performing group in Calculus 3 based on only Calculus 

1 performance, we note that the top explanatory variables are the academic literacy 

variables of grammar, text genre, and vocabulary, as shown in Figure 2.      

A similar pattern emerges when analysing the Calculus 3 results of the highest 

performers in Calculus 2. The factors with greatest relative importance are not from 

mathematics subdomains but from academic literacy (grammar and inference) and 

quantitative literacy (change and rates, and quantity, number and operations). In 

summary, the Calculus 3 scores of high-achieving students are explained more by 

academic literacy variables than other NBT variables.  
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Figure 3: Relative importance of NBT explanatory factors on Calculus 3 performance 

of Fail group 

Contrastingly, the most important variables that explain the Calculus 3 performance of 

students in the Fail category are in the mathematical and quantitative literacy 

subdomains, followed by academic literacy subdomains, as shown in Figure 3. 

Comparing Academic Literacy Subdomains for Five Performance 

Groups 

In seeking to understand better the relative importance analysis correlation patterns of 

the performance groups, we investigated the box and whisker plots for these groups for 

each academic literacy subdomain. Since the subdomains of cohesion, communicative 

function and discourse are important elements in mathematical procedure (Sango and 

Steyn 2020), we expected these subdomains to have the greatest relative importance in 

explaining Calculus 3 marks. 
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Figure 4: Box and whisker plot of performance on NBT Academic Literacy (AL) 

subdomains of overall cohort 

As seen in Figure 4, the performance of the whole group in all the academic literacy 

subdomains was relatively high. Notably, in the Fail category there were several outliers 

below 50% and the score ranges were smaller than for other groups. 

Text genre and vocabulary were the subdomains in which students performed the worst 

across all the performance groups, with more than 75% of high achievers attaining 

scores below 65%. Surprisingly, there was little difference in performance in the text 

genre and vocabulary subdomains between students in the Fail or top performing 

categories of Calculus 3 scores. In addition, the short box plots indicate a strong 

agreement in scores for these subdomains between students.  

The grammar subdomain showed more variation between the Fail and 1 performance 

groups. Although both groups showed three quarters of the students scoring above 60%, 

the high performers had half of the students concentrated between scores of 60% and 

80%. Surprisingly, the Fail and 3 categories showed half of the students scoring above 

80% while the other categories had only a quarter of the students scoring above 80%. 

The Fail group had the tallest box plot for grammar, an indication of the large variation 

in grammar scores for that group.  

Cohesion displayed a similar pattern across all performance groups, except for group 1 

where a quarter of the students scored below 50%. The performance of the other groups 

appeared to be better, where a quarter of the students scored below 65%. 
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Communicative function showed almost identical trends across all groups. The 

subdomain metaphor showed tall box plots, which is an indication of a wide variation 

of scores, except for the Fail group where the box plots were short and there were many 

outliers. The discourse subdomain shows similar trends for all categories except, again, 

for the Fail group where there were many outliers. 

Discussion  

We reflect on the data analysis using the definitions of the NBT academic literacy 

subdomains and the three categories in Moschkovich’s (2015) framework for academic 

literacy in mathematics—mathematical proficiency, mathematical practices, and 

mathematical discourse—to address our research question.  

Mathematical Proficiency Progression 

In this section, the focus is on students’ performance in Calculus 1 and Calculus 2, and 

the impact of their performance in Calculus 3. Those with Calculus 2 scores below 60% 

were more likely to fail than to achieve the passing score (50%) for Calculus 3. Students 

who pass Calculus 2 but fail Calculus 3 would not have met all the strands of 

mathematical proficiency that are needed for mathematical understanding, reasoning 

and representing and therefore their capacity to succeed in further mathematics would 

be compromised. Students can pass a course by achieving high marks in one section and 

low marks in another, potentially creating gaps for courses that build on the neglected 

topics. Students in transition from Calculus 2 to Calculus 3, especially those with results 

of 50–59%, may be helped by interventions that address the issue of uneven engagement 

with course content by requiring sub-minimum achievement in all topics in a course. A 

more modular approach would signal the importance of proficiency in each topic for 

effective engagement in mathematical practice and mathematical discourse. 

Strengthening Conceptual Understanding in Mathematical Practice 

Based on the Calculus 2 and Calculus 3 performance data, low-performing students in 

Calculus 2 are more likely to have inadequately developed mathematical proficiency 

and may be less able to articulate this in the required mathematical practice or to engage 

in mathematical discourse and communication in Calculus 3. 

Mathematics is considered a challenging discipline and the challenge is often 

exacerbated by excessive workloads and time pressures to cover the concepts prescribed 

by a particular course. Teaching, assessment and learning are often linked to traditional, 

non-interactive, teacher-centred approaches, with the student positioned more as a 

receiver of teacher-directed knowledge than an active participant (Helstad, Solbrekke, 

and Wittek 2017). Such traditional teaching typically presents fewer opportunities for 

students to engage in mathematical practices. Moschkovich (2013, 49) suggests that 

“[i]nstruction should provide opportunities for students to engage in mathematical 

practices such as solving problems, making connections, understanding multiple 

representations of mathematical concepts, communicating their thinking, justifying 
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their reasoning, and critiquing arguments”. These practices are especially important for 

the development of a conceptual understanding of mathematics (Dunnigan and Halcrow 

2021), but the fast-paced curriculum followed in Calculus 1 and 2 does not lend itself 

to ideal mathematical practices. Similarly, in Calculus 3 students are expected to master 

complex concepts in a short time in a busy engineering schedule with a full workload 

and little time to revisit any gaps that may have resulted from previous courses. 

Moschkovich (2015) calls for a balance between conceptual understanding and 

procedural knowledge in the quest to connect and integrate these two types of 

knowledge. It may be argued that Calculus 1 and Calculus 2 place more emphasis on 

procedural fluency and less on conceptual understanding. In many cases, the emphasis 

on procedures caters to other disciplines such as physics and chemistry that need these 

procedures for the teaching of their concepts. Unfortunately, this is done to the detriment 

of engaging in the mathematical practices necessary for deep conceptual understanding. 

This imbalance plays itself out negatively when students encounter Calculus 3, where 

conceptual understanding of new and cognitively more demanding concepts is central 

to their success in the course. Moreover, instruction should encourage opportunities for 

students’ active communication and meaning-making using mathematical language, 

such as mathematical practices involving reasoning, constructing arguments, expressing 

structure and regularity and solving problems (Moschkovich 2013). 

Mathematical Discourse and Success in Calculus 3 

It is interesting to note that ESL students’ performance in Calculus 3 (mean = 57%) was 

better than that of the EHL students (mean = 55%) and is statistically significant 

(p = 0.0155). At first glance, this result may be unexpected, but it fits with the definition 

of mathematical discourse as more than only the use of “technical words with precise 

meanings, but rather the communicative competence necessary and sufficient for 

competent participation in mathematical discourse practices” (Moschkovich 2013, 46). 
Separate from general language proficiency, which typically favours home-language 

students, mathematical discourse also includes using “valued mathematics tools such as 

abstracting, generalising and using arguments that are brief, precise and well defined” 

(Moschkovich 1999, 12) that are not likely to be developed outside a mathematics class.  

There are distinct differences in the relative importance analysis of the highest 

performing and lowest performing groups in Calculus 3. We infer from the relative 

importance analysis that, for the highest performing Calculus 3 students, high 

achievement in the NBT academic literacy subdomains of grammar, text genre and 

vocabulary may play a prominent role in their navigation of mathematical text when 

initially engaging with concepts and when answering new questions. For the lowest 

performing students, we note that, in addition to having to decode the language, 

weaknesses in other domains play a more prominent role. As a result, the lower 

performing students are most likely to have issues with other fundamental concepts in 

mathematics and quantitative literacy in addition to academic literacy. 
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We take note that ESL students are at a disadvantage, having to contend with academic 

literacy conventions in a language they may not be proficient in (Sibomana 2016). 

However, our findings show that academic literacy proficiency is important for 

academic success in Calculus 3 for all students, both EHL students and ESL students. 

The compelling case made by the data analysis of this quantitative research study alerted 

us to the significant role that academic literacy plays in the success of engineering 

mathematics students in a support context. We acknowledge that, although illuminating, 

this is only an initial view and that future qualitative research will reveal further 

nuances. This quantitative study is an exemplification of the potential of data to 

influence pedagogy and to impact student learning.  

The relative importance of academic literacy in explaining mathematics results is much 

stronger in Calculus 3 than anticipated. We suggest that the level of difficulty of the 

mathematics in Calculus 3 is greater than in the preceding two engineering mathematics 

courses and speculate that when the mathematics is less cognitively challenging and 

more formulaic weaknesses in academic literacy do not prevent students from achieving 

course requirements and progressing to the next level of their degree. The compounding 

effect of a higher level of difficulty of the mathematics (Pearce et al. 2015) together 

with weak academic literacy may explain why some students who pass the first two 

calculus courses are less successful in Calculus 3. 

Traditional mathematics curricula and pedagogies are often adhered to, citing “It has 

always been done that way” as a justification. Consequently, steering away from 

traditional norms to innovative ways of teaching and learning is infrequent. As 

educators of mathematics, we realise that we must continuously strive to engage in 

pedagogies that move away from simply requiring our students to reproduce knowledge 

and instead engage them in activities that support critical thinking, reading, writing and 

discussion of mathematical concepts. 

Conclusion  

Students who enter tertiary studies with less developed academic literacy may need 

more directed instruction to develop their academic literacy that the current system 

offers, where they are expected to “pick up” skills through the variety of course 

materials and tasks required in each of their courses. The findings of this quantitative 

analysis confirm to us what other research studies have reported—that we should be 

more targeted in developing students’ academic literacy, particularly in first-year 

mathematics courses, so that students are more likely to succeed with more cognitively 

demanding courses such as Vector Calculus as their education progresses. Furthermore, 

this research highlighted the method of relative importance analysis used to drill down 

deeper to show the weighted importance of each variable on Calculus 3 performance.  

This article supports a simultaneous focus on the three components of academic literacy 

in mathematics (Moschkovich 2013), especially for extended curriculum programme 
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students. The next steps in our research will be to explore how to implement changes to 

our teaching of mathematics in ways that support academic literacy development from 

within our discipline. We will draw from studies that favour discipline-based academic 

literacy curriculum interventions, such as Carstens (2016) and Goodier and Parkinson’s 

(2005) argument that language use developed in context is likely to be more effective 

than a generic language development course. 

Future research should assess the effectiveness of our curriculum interventions 

informed by the relative importance analysis with regard to academic literacy 

development. We suggest that such an assessment should adapt Ally and Christiansen’s 

(2013) rubric for teachers to assess the opportunities for students to develop each of the 

mathematical proficiency strands and include Moschkovich’s (2015) two further strands 

of mathematical practices and mathematical discourse. By assessing our provision of 

opportunities to develop mathematical proficiency, mathematical practice and 

mathematical discourse (Moschkovich 2015), rather than only assessing how students 

take up the opportunities, we can avoid simply blaming students for not developing. 

The emphasis of support programmes in engineering often does not include academic 

literacy development within disciplines. This research provides evidence that the 

success of students in engineering mathematics is dependent on their proficiency in 

academic literacy and argues that this component be integrated within the discipline in 

the support environment. We concur with Kelly-Laubscher and Van der Merwe (2014, 

1) that without interventions, many students are “unlikely to gain access to disciplinary 

ways of learning and writing, which ultimately may lead to their exclusion from 

university”. We echo the sentiment of Sibomana (2016) that the time has come for all 

institutions of learning to empower their students with academic literacy within their 

disciplines so that they may succeed. 

Acknowledgements 

We gratefully acknowledge the contribution of our colleagues Kalpana Ramesh Kanjee, 

Robert Prince and Tatiana Sango for working with us in the initial stages of this 

research, and Sanet Steyn for discussions on academic literacies. Our collaborative 

writing was greatly helped by our attendance at a writing retreat arranged by Vivienne 

Bozalek and Aditi Hunma. We are grateful to the DMISRS project run by Robert Prince 

for funding Precious Mudavanhu to attend the retreat. 

References 

Ally, N., and I. M. Christiansen. 2013. “Opportunities to Develop Mathematical Proficiency in 

Grade 6 Mathematics Classrooms in KwaZulu-Natal”. Perspectives in Education 31 (3): 

106–21. Accessed August 2, 2021. 

https://openscholar.dut.ac.za/bitstream/10321/1357/1/Pages%20from%20Perspectives%20

in%20Education%2031(3)-1-2.pdf. 
 

https://openscholar.dut.ac.za/bitstream/10321/1357/1/Pages%20from%20Perspectives%20in%20Education%2031(3)-1-2.pdf
https://openscholar.dut.ac.za/bitstream/10321/1357/1/Pages%20from%20Perspectives%20in%20Education%2031(3)-1-2.pdf


Padayachee, Campbell, and Mudavanhu 

17 

Brock-Utne, B. 2000. Whose Education for All? The Recolonization of the African Mind. New 

York, NY: Falmer Press. 

 

Carstens, A. 2016. “Designing Linguistically Flexible Scaffolding for Subject-Specific 

Academic Literacy Interventions”. Per Linguam: A Journal of Language Learning 32 (3): 

1–12. https://doi.org/10.5785/32-3-690. 

 

CWUR (Centre for World University Rankings). 2020. “World University Rankings 2020–21”. 

Accessed August 2, 2021. https://cwur.org/2020-21.php.  

 

Council for the Built Environment. 2019. “Council for the Built Environment and the Councils 

for the Built Environment Professions Implementation of Skills Pipeline”. Accessed 

August 2, 2021. https://pmg.org.za/files/191023CBE_Narrative_Report.docx. 

 

De Clercq, F. 2020. “The Persistence of South African Educational Inequalities: The Need for 

Understanding and Relying on Analytical Frameworks”. Education as Change 24: 1–22. 

https://doi.org/10.25159/1947-9417/7234. 

 

Dunnigan, G., and C. Halcrow. 2021. “If You Don’t Build It, They Will Leave: Reforming an 

Applied Calculus Course by Eliminating Large Lectures and Incorporating Active 

Learning”. PRIMUS: Problems, Resources, and Issues in Mathematics Undergraduate 

Studies 3 (3–5): 413–33. https://doi.org/10.1080/10511970.2020.1769234. 

 

Garraway, J. W. 2017. “Participatory Parity and Epistemological Access in the Extended 

Curriculum Programmes”. Education as Change 21 (2): 109–25. 

https://doi.org/10.17159/1947-9417/2017/2008.  

 

Goodier, C., and J. Parkinson. 2005. “Discipline-Based Academic Literacy in Two Contexts”. 

Journal for Language Teaching 39 (1): 66–79. https://doi.org/10.4314/jlt.v39i1.6050. 

 

Helstad, K., T. D. Solbrekke, and A. L. Wittek. 2017. “Exploring Teaching Academic Literacy 

in Mathematics in Teacher Education”. Education Inquiry 8 (4): 318–36. 

https://doi.org/10.1080/20004508.2017.1389225.  

 

Kelly-Laubscher, R. F., and M. Van der Merwe. 2014. “An Intervention to Improve Academic 

Literacies in a First Year University Biology Course”. Critical Studies in Teaching and 

Learning 2 (2): 1–23. https://doi.org/10.14426/cristal.v2i2.23. 

 

Kilpatrick, J., J. Swafford, and B. Findell, eds. 2001. Adding It Up: Helping Children Learn 

Mathematics. Washington, DC: National Academy Press. 

 

Kouvela, E. 2017. “A Socio-Cultural Analysis of the Transition from School to University 

Mathematics”. PhD diss., Loughborough University. https://hdl.handle.net/2134/32508. 

 

Lave, J., and E. Wenger. 1991. Situated Learning: Legitimate Peripheral Participation. New 

York, NY: Cambridge University Press. https://doi.org/10.1017/CBO9780511815355. 

 

https://doi.org/10.5785/32-3-690
https://cwur.org/2020-21.php
https://pmg.org.za/files/191023CBE_Narrative_Report.docx
https://doi.org/10.25159/1947-9417/7234
https://doi.org/10.1080/10511970.2020.1769234
https://doi.org/10.17159/1947-9417/2017/2008
https://doi.org/10.4314/jlt.v39i1.6050
https://doi.org/10.1080/20004508.2017.1389225
https://doi.org/10.14426/cristal.v2i2.23
https://hdl.handle.net/2134/32508
https://doi.org/10.1017/CBO9780511815355


Padayachee, Campbell, and Mudavanhu 

18 

Lea, M. R., and B. V. Street. 1998. “Student Writing in Higher Education: An Academic 

Literacies Approach”. Studies in Higher Education 23 (2): 157–72. 

https://doi.org/10.1080/03075079812331380364. 

 

Lea, M. R., and B. V. Street. 2006. “The ‘Academic Literacies’ Model: Theory and 

Applications”. Theory into Practice 45 (4): 368–77. 

https://doi.org/10.1207/s15430421tip4504_11. 

 

Lithner, J. 2011. “University Mathematics Students’ Learning Difficulties”. Education Inquiry 

2 (2): 289–303. https://doi.org/10.3402/edui.v2i2.21981. 

 

Maller, S., T. Hong, W. Oakes, C. Zoltowski, and P. McDermott. 2007. “Normative 

Typologies of Epics Students on ABET EC Criterion 3: A Multistage Cluster Analysis”. 

Paper presented at 2007 American Society for Engineering Education Annual Conference 

and Exposition, Honolulu, Hawaii. https://peer.asee.org/2903.  

 

Martin, D. B. 2006. “Mathematics Learning and Participation as Racialized Forms of 

Experience: African American Parents Speak on the Struggle for Mathematics Literacy”. 

Mathematical Thinking and Learning 8 (3): 197–229. 

https://doi.org/10.1207/s15327833mtl0803_2.  

 

Moschkovich, J. N. 1999. “Supporting the Participation of English Language Learners in 

Mathematical Discussions”. For the Learning of Mathematics 19 (1): 11–19. 

http://www.jstor.org/stable/40248284?origin=JSTOR-pdf. 

 

Moschkovich, J. N. 2013. “Principles and Guidelines for Equitable Mathematics Teaching 

Practices and Materials for English Language Learners”. Journal of Urban Mathematics 

Education 6 (1): 45–57. https://doi.org/10.21423/jume-v6i1a204. 

 

Moschkovich, J. N. 2015. “Academic Literacy in Mathematics for English Learners”. The 

Journal of Mathematical Behavior 40: 43–62. 

https://doi.org/10.1016/j.jmathb.2015.01.005.  

 

Moschkovich, J. N., and W. Zahner. 2018. “Using the Academic Literacy in Mathematics 

Framework to Uncover Multiple Aspects of Activity During Peer Mathematical 

Discussions”. ZDM 50 (6): 999–1011. https://doi.org/10.1007/s11858-018-0982-9. 

 

Mouchou Tchamdjeu, R., H. Steenkamp, and A. L. Nel. 2018. “Retention Based on Graduation 

Rate of Male and Female Industrial Engineering Students”. In EDUCON 2018 IEEE 

Global Engineering Education Conference, edited by C. Gonzalez, M. Castro and M. 

Llamas, 738–45. Piscataway, NJ: IEEE. Accessed August 3, 2021. 

https://ieeexplore.ieee.org/document/8363304. 

 

Othman, H., N. A. Ismail, I. Asshaari, F. M. Hamzah, and Z. M. Nopiah. 2015. “Application of 

Rasch Measurement Model for Reliability Measurement Instrument in Vector Calculus 

Course”. Journal of Engineering Science and Technology 10 (2): 77–83. 

 

https://doi.org/10.1080/03075079812331380364
https://doi.org/10.1207/s15430421tip4504_11
https://doi.org/10.3402/edui.v2i2.21981
https://peer.asee.org/2903
https://doi.org/10.1207/s15327833mtl0803_2
http://www.jstor.org/stable/40248284?origin=JSTOR-pdf
https://doi.org/10.21423/jume-v6i1a204
https://doi.org/10.1016/j.jmathb.2015.01.005
https://doi.org/10.1007/s11858-018-0982-9
https://ieeexplore.ieee.org/document/8363304


Padayachee, Campbell, and Mudavanhu 

19 

Padayachee, P., and T. S. Craig. 2020. “Students’ Mental Constructions of Concepts in Vector 

Calculus: Insights from Two Universities”. In 2020 European Society for Engineering 

Education (SEFI) Conference: Engaging Engineering Education, edited by J. van der 

Veen, N. van Hattum-Janssen, H.-M. Järvinen, T. de Laet, and I. ten Dam, 1022–32. 

Enschede: University of Twente. 

 

Pearce, H., A. Campbell, T. S. Craig, P. Le Roux, K. Nathoo, and E. Vicatos. 2015. “The 

Articulation between the Mainstream and Extended Degree Programmes in Engineering at 

the University of Cape Town: Reflections and Possibilities”. South African Journal of 

Higher Education 29 (1): 151–64. https://doi.org/10.20853/29-1-451. 

 

Pinto, T., and A. A. Teixeira. 2020. “The Impact of Research Output on Economic Growth by 

Fields of Science: A Dynamic Panel Data Analysis, 1980–2016”. Scientometrics 123: 945–

78. https://doi.org/10.1007/s11192-020-03419-3. 

 

Sango, T., and S. Steyn. 2020. “Interpreting Rate of Change in Applied Context: Reflecting on 

Students’ Reasoning”. Virtual presentation adapted for DMISRS Webinar, November 3, 

2020. Accessed August 3, 2021. http://dmisrs.co.za/wp-content/uploads/2021/04/Sango-

and-Steyn-Interpreting-rate-of-change-in-applied-context-Reflecting-on-students-

reasoning.pdf. 

 

Shanahan, C., T. Shanahan, and C. Misischia. 2011. “Analysis of Expert Readers in Three 

Disciplines: History, Mathematics, and Chemistry”. Journal of Literacy Research 43 (4): 

393–429. https://doi.org/10.1177/1086296X11424071. 

 

Sibomana, E. 2016. “‘We Know What to Say, We Know What to Write, But We Don’t Know 

How’: The Challenges of Becoming Academically Literate in a New Linguistic and Socio-

Cultural Space”. Education as Change 20 (2): 123–44. https://doi.org/10.17159/1947-

9417/2016/747.  

 

Solomon, Y., and T. Croft. 2016. “Understanding Undergraduate Disengagement from 

Mathematics: Addressing Alienation”. International Journal of Educational Research 79: 

267–76. https://doi.org/10.1016/j.ijer.2015.10.006. 

 

Srivastava, N. 2017. “Literacy in Mathematics”. Medium, June 12, 2017. Accessed August 2, 

2021. https://medium.com/literate-schools/literacy-in-mathematics-aac1611197e2.  

 

Stadler, M., H. D. Cooper-Thomas, and S. Greiff. 2017. “A Primer on Relative Importance 

Analysis: Illustrations of Its Utility for Psychological Research”. Psychological Test and 

Assessment Modeling 59 (4): 381–403. http://hdl.handle.net/10993/35643. 

 

Stoffelsma, L., and W. Spooren. 2019. “The Relationship between English Reading 

Proficiency and Academic Achievement of First-Year Science and Mathematics Students 

in a Multilingual Context”. International Journal of Science and Mathematics Education 

17: 905–22. https://doi.org/10.1007/s10763-018-9905-z.  

 

https://research.utwente.nl/en/publications/students-mental-constructions-of-concepts-in-vector-calculus-insi
https://doi.org/10.20853/29-1-451
https://doi.org/10.1007/s11192-020-03419-3
http://dmisrs.co.za/wp-content/uploads/2021/04/Sango-and-Steyn-Interpreting-rate-of-change-in-applied-context-Reflecting-on-students-reasoning.pdf
http://dmisrs.co.za/wp-content/uploads/2021/04/Sango-and-Steyn-Interpreting-rate-of-change-in-applied-context-Reflecting-on-students-reasoning.pdf
http://dmisrs.co.za/wp-content/uploads/2021/04/Sango-and-Steyn-Interpreting-rate-of-change-in-applied-context-Reflecting-on-students-reasoning.pdf
https://doi.org/10.1177%2F1086296X11424071
https://doi.org/10.17159/1947-9417/2016/747
https://doi.org/10.17159/1947-9417/2016/747
https://doi.org/10.1016/j.ijer.2015.10.006
https://medium.com/literate-schools/literacy-in-mathematics-aac1611197e2
http://hdl.handle.net/10993/35643
https://doi.org/10.1007/s10763-018-9905-z


Padayachee, Campbell, and Mudavanhu 

20 

Tonidandel, S., and J. M. LeBreton. 2011. “Relative Importance Analysis: A Useful 

Supplement to Regression Analysis”. Journal of Business and Psychology 26 (1): 1–9. 

https://doi.org/10.1007/s10869-010-9204-3. 

 

UCT (University of Cape Town). 2018. 2018 Teaching and Learning Report. Cape Town: 

University of Cape Town. Accessed August 2, 2021.  

http://www.uct.ac.za/sites/default/files/image_tool/images/328/teaching/UCT_Teaching%2

6LearningReport_2018.pdf.  

 

Weideman, A. 2018. Academic Literacy: Five New Tests. Bloemfontein: Geronimo 

Distribution.  

  

https://doi.org/10.1007/s10869-010-9204-3
http://www.uct.ac.za/sites/default/files/image_tool/images/328/teaching/UCT_Teaching%26LearningReport_2018.pdf
http://www.uct.ac.za/sites/default/files/image_tool/images/328/teaching/UCT_Teaching%26LearningReport_2018.pdf


Padayachee, Campbell, and Mudavanhu 

21 

Appendix 

The National Benchmark Test Academic Literacy Construct (Sango and Steyn 2020) 

 

 


