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Abstract

This study investigates the application of error analysis and design-based research (DBR) to
improve financial mathematics education for National Certificate (Vocational) Level 2 students
in South African Technical and Vocational Education and Training (TVET) colleges. Given
students' persistent challenges with financial concepts, specifically budgeting, interest
calculations, and variance, the study employed Newman’s Error Analysis (NEA) framework to
identify and categorize student errors across five key stages: reading, comprehension,
transformation, process skills, and encoding. Using a DBR approach, iterative interventions were
crafted to address identified gaps, enhancing students’ procedural accuracy and conceptual
understanding. Comparative analysis between two cohorts from 2021 and 2022 demonstrated
significant improvement in defining financial concepts and error reduction in multi-step
calculations. The study’s findings highlight the efficacy of integrating NEA within a DBR
framework while supporting tailored, context-based learning approaches in vocational education.
This research contributes to the growing literature on targeted interventions in financial
mathematics and offers practical implications for enhancing financial literacy in diverse
educational contexts.

Keywords: Design-Based Research (DBR); Financial Mathematics; Newman’s Error Analysis
(NEA); Technical and Vocational Education (TVET)

Introduction and Background

Financial literacy and mathematical competence are essential for individuals to manage their
finances and navigate increasingly complex economic systems. Financial mathematics, which
encompasses, amongst others, budgeting, interest calculations, and variance?, plays a pivotal role
in cultivating these competencies (Pranav et al., 2024; Manoharan et al., 2024; Serna Espitia,
2012). Research indicates that proficiency in financial mathematics is directly linked to improved
decision-making in personal finance, which is critical in a world where financial products and
services are becoming more intricate (Lusardi & Mitchell, 2014).

Globally, concerns over low financial literacy are growing, particularly among young
adults and individuals from lower socio-economic backgrounds (Lusardi & Mitchell, 2023;
Atkinson & Messy, 2012). Many people struggle with basic financial concepts such as compound
interest and loan repayment, which hinders their ability to make informed financial decisions
(Neupane, 2024). In South Africa, this gap contributes to over-indebtedness and economic
inequality.

Financial mathematics is included in curricula from high school through tertiary
education to equip students with skills to manage everyday financial challenges. However,
student performance in this area remains consistently poor. Research points to cognitive barriers,

! Variance is the discrepancy between budgeted financial values and actual financial results, reflecting
either overperformance or underperformance within financial mathematics.
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procedural misunderstandings, and instructional approaches that often fail to link theoretical
content to real-life financial applications (Makonye, 2020; Hernandez-Cortes et al., 2023).

This study focuses on the National Curriculum (Vocational) or NC(V), a stream offered
at Technical and Vocational Education and Training (TVET) colleges in South Africa. The NC(V)
program spans from Level 2 to Level 4 and is equivalent to Grade 12. Students typically enter
NC(V) Level 2 after completing Grade 9, although the program attracts a wide range of students,
including older individuals with prior qualifications. Recent data shows that only 8% of Level 2
students are between 15 and 17 years old, while 92% are 20 or older (DHET, 2020; Mthimunye
& Mokgosi, 2024; Ngoveni, 2018). This age diversity contributes to varied academic readiness
and poses instructional challenges, particularly for mathematics educators.

Financial mathematics is a core component of the NC(V) mathematics curriculum,
especially in engineering programs, where it is a compulsory subject for progression. Despite its
importance, students in these settings often struggle to apply concepts such as budgeting, interest
rates, and variance in practical contexts. A study by Khalo et al. (2022) revealed that errors in
basic financial calculations are often due to language difficulties and weak foundational
knowledge. These challenges are especially pronounced among students from underprivileged
backgrounds with limited prior exposure to formal financial education (Buthelezi et al., 2024;
Ngoveni, 2018).

One promising instructional approach is error analysis, which systematically identifies,
categorizes, and interprets students' mistakes to improve teaching strategies and learner
understanding (Putri et al., 2023; Ngoveni, 2018). In TVET contexts, error analysis is particularly
relevant, given the prevalence of misconceptions and procedural errors. However, few studies
have explicitly focused on financial mathematics in TVET colleges.

Although prior research, including studies by Ngoveni (2025) and Motseki and Luneta
(2024), has explored errors in general mathematical domains such as algebra and calculus within
TVET settings, financial mathematics remains under-researched. The challenges observed in
other areas, such as conceptual confusion, procedural mistakes, and the limited contextualization
of content, will likely mirror those in financial mathematics.

Addressing these challenges is essential for improving financial literacy among
vocational students. Without targeted interventions, many students may enter the workforce ill-
equipped to manage their finances, which has broader implications for economic participation
and social mobility. This study aims to bridge this gap by investigating NC(V) Level 2 students'
difficulties in understanding financial mathematics and proposing pedagogical solutions
grounded in error analysis.

Research question: How can error analysis be used to improve the teaching and learning
of financial mathematics in TVET colleges?

Literature Review: Error Analysis in Financial Mathematics

Error analysis in financial mathematics is crucial in understanding students' challenges when
learning complex topics such as variance, interest calculations, and budgeting. These areas require
conceptual clarity and procedural accuracy, which many students struggle to achieve (Nwoke et
al., 2024). Numerous studies have focused on identifying common errors and their contributing
factors. However, there remains a gap in the literature specifically addressing vocational
education settings, where students often encounter real-world financial scenarios. This review
summarizes existing research on error analysis in financial mathematics, focusing on identifying
misconceptions, the impact of language difficulties, and developing pedagogical strategies to
address these challenges.

As articulated by Gula and Lovric (2024), the distinction between numeracy and
mathematics reframes numeracy as an educational challenge that focuses on transferring
mathematical concepts into practical, real-world applications. This perspective is particularly
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significant for adult learners, whose mathematical needs often involve applying skills like
budgeting and interest calculations to everyday contexts. Wilder and West (2024) add to this by
emphasizing the emotional and cognitive barriers many adults face, shaped by their previous
experiences with mathematics and the need for tasks that build confidence while reducing anxiety.
Similarly, Wiik and VVos (2024) introduce the concept of visual-numeric literacy, emphasizing the
importance of equipping learners with the ability to interpret and critically analyze data
visualizations, such as graphs and charts. These perspectives provide a foundation for designing
interventions combining skills development with meaningful engagement, enabling learners to
navigate technical and real-world financial challenges confidently.

Conceptual and Procedural Errors in Financial Mathematics

One of the most significant challenges students face in financial mathematics is mastering the
conceptual foundation of topics such as interest calculations and variance. Makonye (2020)
observed that many students lack a proper understanding of geometric sequences, which are
crucial for calculating compound interest and managing annuities. This deficiency often leads to
persistent errors in solving financial problems involving time-value-of-money concepts
(Makonye, 2020). Similarly, Hernadndez-Cortes et al. (2023) noted that students frequently
struggle with financial calculations due to a lack of understanding of the mathematical models
underlying these concepts. This results in conceptual and procedural errors, particularly when
students apply theoretical knowledge to practical financial scenarios.

Furthermore, Khalo and Bayaga (2015) conducted a study focusing on students' errors
due to deficient mastery of prerequisite skills. They found that students often make procedural
mistakes such as misapplying formulas or misunderstanding the steps required to calculate
financial figures like monthly payments or interest rates. These errors are not merely isolated
incidents but also broader issues related to students’ inability to connect mathematical concepts
with real-world financial applications.

Impact of Language Difficulties on Errors

Language barriers are another significant factor contributing to errors in financial mathematics,
particularly in multilingual settings. Khalo et al. (2022) explored the relationship between
language difficulties and errors in financial mathematics among South African students, many of
whom are not native English speakers. The study revealed that students often struggle to interpret
financial problems correctly due to misunderstandings of mathematical terminology and
language-specific nuances. This leads to incorrect problem-solving strategies and is likely to lead
to incorrect calculations.

Similarly, Makonye et al. (2014) emphasized that students' inability to grasp
mathematical language is a major source of misconceptions in financial mathematics. Their
research showed that even when students understood the mathematical concepts, they often
misinterpreted word problems due to their unfamiliarity with specific financial terms. This
highlights the need for more attention to students' linguistic challenges in mathematics education.

Gaps in the Literature

While there is a substantial body of research on error analysis in general mathematics education,
studies specifically addressing financial mathematics remain limited. Most existing research, such
as that by de Souza et al. (2024), focuses on broader pedagogical frameworks without delving
deeply into the specific challenges posed by financial concepts like variance, budgets, and
calculations involving simple and compound interest in the TVET sector (de Souza et al., 2024;
Hernandez-Cortes et al., 2023; Khalo et al., 2022; Khalo & Bayaga, 2015; Makonye, 2014).
Moreover, the applicable literature is limited regarding empirical studies that examine the
effectiveness of interventions specifically designed for vocational education settings, where
students often struggle with the practical application of financial mathematics.
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Newman’s Error Analysis as a Theoretical Framework

Newman’s Error Analysis (NEA), developed by Newman in the 1970s, is a widely recognized
framework that systematically identifies and categorizes the types of errors students make in
mathematical problem-solving. NEA is instrumental for educators, offering a structured approach
to diagnosing specific error stages and designing interventions to address them (Newman, 1977).
In financial mathematics, where topics like budgeting, interest rates, and variance often pose
significant challenges, NEA allows educators to dissect the problem-solving process, focusing on
five stages where students typically encounter difficulties: reading, comprehension,
transformation, process skills, and encoding. NEA is most suitable for the current study as it
provides a structured, stage-specific framework to identify and address the distinct errors students
make in financial mathematics, enabling targeted interventions to improve understanding and
problem-solving skills in this complex subject.

Key Stages of NEA in Financial Mathematics

1 Reading Errors: Reading errors, often intertwined with language barriers, are particularly
challenging in financial mathematics due to the specialized financial vocabulary and technical
terms. Khalo et al. (2022) emphasize that language barriers contribute to reading errors as students
struggle to interpret terms like ‘annual percentage rate’ and ‘compound interest,” which are
essential for understanding financial problems. Makonye et al. (2014) similarly highlight that
students often misinterpret terms such as ‘difference’ and ‘rate,” which carry specific
mathematical meanings, complicating comprehension. Supporting this, Atkinson and Messy
(2012) discuss how terminology often is a barrier to effective problem-solving in financial literacy
tasks, especially for students from diverse linguistic backgrounds. These findings underscore the
need for linguistic support in financial mathematics to minimize initial misinterpretations and
ensure accurate problem-solving.

2 Comprehension Errors: Comprehension errors arise when students misinterpret the problem’s
requirements, often due to unfamiliarity with specific financial contexts. This is seen when
students confuse simple and compound interest or misunderstand the impact of interest
compounding frequency. Khalo et al. (2022) highlight that students frequently misinterpret
financial problem scenarios, leading to inappropriate strategy selection. Further insight from
Lusardi and Mitchell (2014) suggests that comprehension issues in financial mathematics are
widespread, particularly in topics like budgeting and interest, where a deeper understanding of
financial mechanisms is necessary for correct application. Addressing these issues requires
explicit instruction on the meaning and application of financial concepts, ensuring students grasp
the implications of each term and scenario.

3 Transformation Errors: Transformation errors, where students must convert verbal
descriptions into mathematical expressions, are common in financial mathematics as students
often struggle to translate descriptive budgeting or interest-related scenarios into algebraic
models. Putri et al. (2023) found that these errors are prevalent as students face challenges
bridging financial contexts and mathematical representations. Hernandez-Cortes et al. (2023)
support this observation, noting that transformation issues often occur due to a lack of familiarity
with applying algebraic skills to financial problems. These studies highlight the value of NEA in
isolating transformation errors, allowing educators to provide targeted practice in representing
financial problems mathematically.

4 Process Skill Errors: Process skill errors arise when students understand the required procedure
but fail to execute it correctly. Such errors are common in financial contexts, for instance, when
students make mistakes calculating simple or compound interest, including formulas. According
to Ekasari and Putra (2023), these errors can often be addressed through scaffolding, which guides
students through procedural steps to ensure each is executed accurately. This observation aligns
with the findings by Booth et al. (2014), who showed that targeted practice and guidance on
procedural tasks can significantly reduce process errors by reinforcing correct execution in similar
mathematical tasks. NEA provides a framework for identifying whether these errors stem from
procedural misunderstandings or calculation mistakes.
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5 Encoding Errors: Encoding errors occur in the final stage of problem-solving, where students
may miswrite or misinterpret the presentation of their answers, even when calculations are
otherwise correct. In financial mathematics, these errors could include incorrectly presenting
interest rates, omitting necessary units, or, in some cases, calculating the final amount (A) and
leaving it as the answer rather than finding the requested monthly payment: i.e., dividing ‘A’ by
the number of months. Such encoding mistakes can obscure correct solutions. Newman (1977)
emphasized the importance of precision in encoding to ensure the clear communication of
mathematical results. Similarly, research by Nuryati et al. (2022) indicates that unaddressed
encoding errors lead to confusion in interpreting financial outcomes, highlighting the need for
educators to reinforce accuracy and clarity in students’ final answers.

Addressing Errors through Targeted Interventions

The NEA'’s structured approach is valuable for informing targeted interventions by pinpointing
the specific stages where errors occur. For instance, if comprehension errors are identified,
educators can focus on clarifying financial terminology and ensuring that students understand
problem requirements. NEA also supports instructional scaffolding, where educators guide
students through each problem-solving stage to reinforce correct methods. Ekasari and Putra
(2023) advocate that combining scaffolding with NEA is highly effective in addressing procedural
errors, as it provides systematic support aligned with the nature of each error.

Methodology

This section outlines the research design, participant details, intervention process, data collection
and analysis procedures, and ethical considerations that guided the study.

Research Design

This study employed a DBR approach, which is well-suited for developing and refining
educational interventions in authentic classroom contexts. The DBR methodology enabled
iterative cycles of design, implementation, analysis, and revision, targeting specific challenges
faced by Level 2 NC(V) students in financial mathematics. An interpretive paradigm guided the
study to explore how students engage with abstract financial concepts and multi-step procedures
within vocational learning environments.

Participants

Two distinct cohorts of Level 2 NC(V) mathematics students from a South African TVET college
participated in the study. Each cohort comprised 17 students, one in 2021 and another in 2022,
selected through purposive sampling based on availability, consistent attendance, and enrolment
in the Electrical Engineering program, who constituted the largest student group in the NC(V)
program at the selected college.

The interventions were implemented during regular classroom instruction for each cohort
over three weeks. Sessions were conducted face-to-face by the researcher, a qualified
mathematics educator, and embedded into the formal mathematics curriculum. Each session was
one hour long and focused on strengthening students’ understanding of financial mathematics
using scaffolding, contextualized tasks, and systematic error analysis.

To address potential bias arising from the dual role of researcher and intervention
facilitator, the researcher maintained a reflective journal to document decisions, observations, and
emotional responses during lesson delivery. Regular peer debriefing sessions were conducted
with a team of a DBR expert and the supervisor of the primary study to enhance reflexivity,
promote transparency, and minimize personal bias in data interpretation.

Intervention Cycles
This study featured two iterative intervention cycles:
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2021 Initial Intervention: This initial cycle was developed in response to learning
challenges observed among students. Informed by lecturer feedback, classroom observations, and
formative assessments, it introduced targeted instructional strategies and contextualized
exercises. While the intervention was not explicitly structured around NEA, it laid the
groundwork for subsequent refinement and integration of a more formal error-analysis
framework.

2022 Refined Intervention: Informed by a detailed analysis of student responses from
the 2021 cycle alongside lecturer reflections, the 2022 intervention incorporated the NEA
framework. NEA categorizes errors across five stages: reading, comprehension, transformation,
process skills, and encoding. Instruction was restructured around these stages to address specific
error patterns using collaborative strategies and applied financial scenarios.

Data Collection

Data were collected from the preparatory examination administered before the final assessments
in both 2021 and 2022. Question 4 of this exam, which focused on core financial mathematics
concepts such as budgeting, interest, and variance, was selected for detailed analysis. This
guestion was intentionally repeated in both years to enable direct performance comparison across
cohorts. Exams were conducted under formal, invigilated conditions. The question paper was
adapted from previous final examination papers set and made available since 2007, which
minimized the risk of prior exposure.

Data Analysis
The data analysis process involved three stages:

Error Coding Using NEA: Student responses to Question 4 were categorized according
to the five NEA stages, enabling structured identification of the types and frequency of errors.

Theme Development: Patterns in student errors were examined to derive thematic
insights, such as recurring misconceptions in budgeting, misapplication of interest formulas, and
encoding oversights.

Cohort Comparison: A comparative analysis of performance between the 2021 and 2022
cohorts was conducted to assess the impact of the refined intervention, using frequency counts of
correct responses and reductions in error types.

Ethical Considerations

The study received ethical clearance from the University of South Africa. Participation was
voluntary, and all students were informed about the study’s purpose, procedures, and rights,
including anonymity and the option to withdraw at any time. No personal identifiers were linked
to student responses.

Findings

This section presents a structured analysis of the findings from the study, organized according to
the stages of NEA. It begins with the error analysis of the 2021 cohort, identifying specific types
of errors that informed the initial intervention. Although an initial intervention was presented in
2021, the revised intervention model was implemented in 2022, with notable improvements that
refined the instructional approach.

The presentation of findings proceeds with an analysis of errors from the 2022 cohort,
highlighting how the enhanced intervention addressed the issues observed in the prior cohort.
This is followed by a comparative analysis of the trial examination results from both cohorts,
focusing on reducing error types between 2021 and 2022. The findings regarding the
intervention’s effectiveness are ultimately discussed before concluding the study. In the 2021 and
2022 error analysis, students are identified by numbers 1 through 17, followed by a slash and the
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year. For instance, ‘1/2021° denotes Student 1 in 2021, while 1/2022 represents Student 1 in
2022, with this format applying consistently through to Student 17.

NEA-Based Error Analysis of the 2021 Cohort’s Responses

The preparatory examination Question 4 (Financial Mathematics), used in 2021 and 2022, is
presented below.

4.1 Define the following terms:

41.1 Variance (2
4.1.2  Stokvels? )
4.1.3 Mashonisa® (2
4.1.4 Fixed deposits (2)
415 Budget (2)

4.2 Constance wants to buy the following television set from her local furniture shop. Constance
does not have the cash to buy this television set, but she has three options available to her.

OPTION A: She can choose to enter into a hire purchase agreement with the furniture shop and
pay R500 for 24 months with no deposit required.

OPTION B: She can borrow the money from her local bank, which charges her 16% simple
interest per annum for a period of 2 years.

OPTION C: She can borrow the money from a microlender and pay back 18% compound interest
per annum for a period of 2 years.

4.2.1 What is the cash price for the television? @
4.2.2  How much would Constance pay after 24 months if she chooses Option A? 2
4.2.3 How much would she pay back per month if she chooses Option B? 3)
4.2.4 How much would she pay back per month if she chooses Option C? 3)

2 Stokvels in the South African context are community-based savings clubs where members contribute
money regularly and take turns receiving payouts.

3 Mashonisa refers to an informal South African loan shark who lends money at high interest rates, often
outside legal financial regulations.
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4.2.5 Which of the three options would be the best one for Constance? (1)
[20]

The NEA-based error analysis of the 2021 cohort’s responses to Question 4 reveals significant
challenges across the NEA stages: reading, comprehension, transformation, process skills and
encoding. This revelation highlights a need for a targeted instructional intervention. Specifically,
in the 2021 cohort, definition questions (Questions 4.1.1-4.1.5) demonstrated overlapping errors,
primarily in comprehension and transformation. For instance, in defining ‘variance’ (4.1.1), only
two students achieved correct answers, while nine omitted responses entirely. Errors spanned
multiple NEA stages, with students like 4/2021 interpreting ‘variance’ as ‘interest calculated
through a percentage,” revealing transformation issues, and others misidentifying the term’s
statistical meaning.

42021 Ll Vexion(® = jokerest (aleuleded %c)f\ o Ceglain pe&»m(&j(r

Similarly, students’ familiarity with culturally relevant terms, such as ‘stokvel’ (4.1.2) and
‘mashonisa’ (4.1.3), did not necessarily translate into accurate definitions. Although 11 students
achieved full marks for ‘stokvel,” vague answers persisted, such as Student 1/2021’s description
of ‘money that women are paying per month,” lacking specificity around community savings,
irrespective of signs of knowledge of what the concept might mean. Responses on ‘mashonisa’
were also mixed, with students like 17/2021 describing it as ‘an amount of money that you

borrow’ instead of a lender, indicating imprecision in  Comprehension
AR Nbsh‘)"‘l¢'7 -\ an Amoane  Sasto ‘ 4ou borrory Are i~
St N ‘“W*'ii-/ . Challenges continued with “fixed

deposit’ (4.1.4), where comprehension and transformation errors led to confusion with similar
terms, such as fixed costs.

Similarly, ‘budget’ (4.1.5) responses are often confused with saving (13/2021), suggesting a

limited understanding of structured financial planning
e R T RS S fo Money %a{ Shoeo pptre
'ﬁe’l‘nn? S D

For Calculation Questions (Questions 4.2.1-4.2.5), encoding and transformation errors were
prominent, especially where multi-step processes were required. In Question 4.2.1, for example,
four students (e.g.: 7/2021) rounded R8999 to R9000 despite clear instructions, a fundamental

Encoding errori3 L4310 qo00 - 00 - . Question 4.2.2 (total payment calculation for
Option A) saw process skill errors as students incorrectly applied [ormulas; Student 12/2021

mjsysed the simple interest formula 2% Sl P . while 14/2021

22 f 6o

0

gp mistakenly multiplied by two instead of 24, indicating gaps in transformation
Skl||S Slmllar patterns emerged in Questions 4.2.3 and 4.2.4, where students often omitted the
final division step to convert a total to monthly installments, emphasizing encoding difficulties.
Furthermore, students in Questions 4.2.3 and 4.2.4 could correctly identify the simple or
compound interest formula but substituted the wrong value of P, as illustrated by students 12/2021
and 5/2021 below.

flain e o 1

43 A=PCi+in) Sl

= 4-76 (1rice (=) o) 250200 is)*
A #bko, [ 4 £5557/1,13)%
12/2021 il 5/2021 L_ééﬁ 28|

The final question, 4.2.5, which required financial comparison, highlighted comprehension and
process skill issues, with several students, like 12/2021, selecting options seemingly at random
due to a lack of systematic evaluation.
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Intervention Summary

The intervention, initiated with the 2021 cohort and refined for the 2022 cohort, was structured
into five targeted steps to enhance students’ comprehension and practical application of financial
concepts. Guided by insights from the NEA-based error analysis, the 2022 intervention addressed
recurring issues by incorporating contextual learning and collaborative exercises.

Step 1: Introducing Financial Terminology

In 2021, key financial terms, such as ‘stokvels’ and ‘mashonisa,” were presented with the
assumption that students were familiar with these community-based practices. However, the NEA
analysis showed that students struggled to connect these terms to formal financial principles. The
2022 intervention introduced a deeper discussion, inviting students to draw parallels between
informal financial practices and formal economic concepts. This contextual approach was further
reinforced through practical exercises, like drafting personal budgets (see example below), which
helped internalize terminology such as ‘variance,” ‘income,” and ‘expenses’ by linking them to
students’ everyday financial planning.

Students” work Example 1
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Step 2: Enhancing Question Interpretation Skills

Initially, students practiced reading and interpreting exam questions independently. In 2022,
group work was incorporated to encourage collaborative reading and discussion of question
prompts. This approach allowed students to clarify ambiguities and identify critical keywords
collectively, reducing comprehension and encoding errors. Real-time feedback from the
researcher further supported students in interpreting question requirements accurately, thereby
improving both reading comprehension and precision in responses (see example below).
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Students” work Example 2

Step 3: Personal Budget Construction

In 2021, students were given hypothetical income and expense scenarios to construct a budget. In
2022, however, students developed budgets using their actual income (see Example 1 above),
which enabled them to recognize real financial deficits and their implications. This practical shift
underscored the necessity of proper budgeting and the risks associated with informal borrowing
(e.g., from Mashonisa). As a result, students gained a clearer understanding of budgeting
principles and an appreciation for the benefits of sound financial planning.

Step 4: Application of Interest Formulas

Whereas the 2021 cohort generally practiced interest calculations, the 2022 intervention used
targeted scenarios to address specific NEA-identified errors in transformation and process skills.
Students applied simple and compound interest formulas to real-life cases, focusing on
substituting values accurately, calculating totals, and dividing to find monthly instaliments (see
examples below). This step-by-step approach reduced encoding errors, bolstered students’
confidence in handling multi-step calculations, and fostered procedural accuracy.

Students’ work Example 3 Students’ work Example 4

I
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Step 5: Financial Decision-Making

In 2021, students reviewed financial options individually, assessing factors such as interest rates
and loan terms. The 2022 intervention expanded this by implementing group-based exercises,
where students analyzed hypothetical loan and purchase options collaboratively. This interactive
format encouraged critical discussion and allowed students to consider the implications of high-
interest debt, reinforcing informed decision-making skills for both personal and professional
financial contexts.

As the transition to a detailed examination of the 2022 cohort’s performance occurs, the
focus will shift to a NEA-based error analysis of their responses. This analysis will provide
insights into common mistakes and patterns observed, allowing for a deeper understanding of the
effectiveness of the intervention and areas that require further attention.

NEA-Based Error Analysis of the 2022 Cohort’s Responses

The 2022 cohort’s responses to Question 4 demonstrated significant gains in comprehension and
practical application across definition and calculation questions, largely due to the targeted
intervention to address NEA-identified errors from the previous year.

For definition questions (4.1.1-4.1.5), students showed considerable improvement in
comprehension. In Question 4.1.1 on ‘variance,” seven students scored full marks, up from two
in 2021. This improvement is attributed to budget-focused tasks that contextualized variance in
personal finance, with students like 8/2022 providing more accurate definitions.
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Question 4.1.2 on ‘stokvel” also saw a rise in full marks, with 14 students achieving this
compared to 11 in 2021. Students like 10/2022 and 12/2022 effectively incorporated personal
experiences, illustrating a clearer conceptual understanding fostered by guidance on self-
articulated definitions. Presented below are Students 10/2022 and 12/2022 respectlvely
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In Question 4.1.3, which required defining ‘mashonisa,” 15 students achieved full marks,
up from 11. Classroom discussions on informal lending practices strengthened comprehension,
with students such as 10/2022 including key components like interest, addressing a gap noted in
the 2021 cohort.
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Question 4.1.4 on “fixed deposit’ also showed progress, with 10 students scoring full
marks, while confusion with ‘fixed costs’ diminished. Responses from students like 2/2022
reflected more accurate conceptual clarity.
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In Question 4.1.5 on ‘budget,” 13 students achieved full marks, with budgeting exercises
grounded in real-life income and expenses, allowing students to articulate clearer, more practical
definitions.

For Calculation Questions (4.2.1-4.2.5), the 2022 cohort exhibited improved procedural
accuracy and encoding skills. In Question 4.2.1, all students identified the cash price correctly,
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contrasting with 2021’s errors due to rounding, underscoring the intervention’s success in
promoting precision.

Question 4.2.2, which involved calculating total payment, showed slight improvement,
with 13 students scoring full marks. Although a few students, such as 6/2022 and 16/2022, still
struggled with substituting values, overall procedural accuracy increased.
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In Questions 4.2.3 and 4.2.4, involving monthly payment calculations using interest
formulas, multi-step accuracy showed progress. Eight students correctly calculated for Option B,
four achieved full marks for Option C, and three successfully navigated the multi-step process.
However, some students, including 1/2022 and 7/2022, continued to confuse principal value with
monthly payments, indicating gaps in transformation and encoding.
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Finally, in Question 4.2.5, which required evaluating options to identify the best financial
choice, 11 students answered correctly, a five-student improvement, reflecting enhanced
decision-making skills encouraged by group-based comparative analysis exercises.

Overall, the 2022 cohort demonstrated significant progress in financial literacy through
enhanced conceptual understanding and improved procedural accuracy. This was facilitated by a
more applied, contextual learning approach that directly addressed recurring NEA-identified
errors, equipping students with essential skills for real-world financial decision-making.

Summary of 2021 and 2022 error analysis using the NEA

Table 1 summarizes the parts of the question and briefly describes the skills assessed. Questions
4.1.1 to 4.1.5 focused on definitions, while 4.2.1 to 4.2.5 required students to identify correct
answers or perform calculations, as outlined in the first column. The second and third columns
present the cohorts (2021 and 2022) and the number of students who answered each question
correctly. The ‘Increase’ column shows the difference between the two years, highlighting
improvements across all questions. The final column identifies each cohort’s key financial
mathematics error types, categorized according to the NEA stages: reading, comprehension,
transformation, process skills, and encoding.

Table 1. NEA for the 2021 and 2022 Cohorts

Question & 2021 2022 Increase Error Types Committed
Concept

Students who answered correctly

4.1.1 Variance 2 7 5 Reading, Comprehension, and Transformation errors
4.1.2 Stokvel 11 14 3 Partial understanding with vague descriptions

4.1.3 Mashonisa 11 15 4 Lack of detail on interest; Transformation errors

4.1.4 Fixed Deposit 4 10 6 Confusion with ‘fixed costs’; Comprehension

Transformation errors

&
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4.1.5 Budget 5 13 8 Limited budgeting knowledge; Comprehension &
Transformation errors

4.2.1 Cash Price 13 17 4 Encoding errors due to rounding

4.2.2 Total Payment 11 13 2 Process Skill and Transformation errors due to formula
(Option A) misapplication

423 &4.2.4 2 8 6 Transformation and Encoding errors due to incorrect
Monthly Payments substitution

4.2.5 Best Option 6 11 5 Process Skill errors in financial comparison

(A,Bor C)

Figure 1 further visually highlights the impact of the intervention with the bar graph
comparing students’ performance on various financial mathematics concepts in 2021 and 2022.
Each question and concept are listed along the horizontal-axis, with the number of students
scoring full marks shown for each year, highlighting the improvements observed after targeted
interventions.

Discussion of the Findings

The findings from the NEA-based error analysis of the 2021 and 2022 cohorts emphasize how
targeted interventions, grounded in NEA principles and implemented through a DBR approach,
effectively address persistent challenges in financial mathematics education. The iterative DBR
methodology enabled a structured approach to mitigate errors across reading, comprehension,
transformation, process skills, and encoding stages, as guided by literature on financial education
and theoretical frameworks.

Conceptual and Procedural Understanding in Financial Literacy

Addressing foundational financial concepts was central to the intervention, as initial results
showed students struggled with terms like ‘variance,” ‘stokvel,” and ‘mashonisa’ due to a lack of
contextual clarity. Studies by Makonye (2020) and Hernandez-Cortes et al. (2023) affirm that
students often lack technical vocabulary and practical application skills, leading to conceptual and
procedural misunderstandings in financial mathematics. The intervention’s shift in 2022 towards
context-based learning, specifically through personal budgeting exercises, significantly improved
students’ understanding by linking abstract terms to familiar financial situations. Research by
Khalo et al. (2022) supports this approach, indicating that embedding financial literacy within
students’ lived experiences enhances comprehension and retention. The practical exercises
employed in the intervention allowed students to connect theoretical concepts with personal
financial planning, reinforcing the significance of real-world applications in educational contexts.

Reducing Reading and Comprehension Errors

Reading and comprehension errors, identified as significant barriers in 2021, frequently resulted
from students’ misinterpretation of prompts and unfamiliarity with specific financial terminology.
The intervention’s collaborative reading activities in 2022 fostered collective problem-solving,
enabling students to clarify ambiguities and better understand questions. According to Khalo et
al. (2022), language barriers can hinder comprehension in diverse, multilingual classrooms, and
group-based strategies can mitigate this by promoting shared understanding. The literature of
Putri et al. (2023) and Ekasari and Putra (2023) supports scaffolded reading as a method to
strengthen comprehension in financial mathematics, as evidenced by improved accuracy in
interpreting and answering question prompts.

Addressing Transformation and Process Skill Errors

Transformation errors, prevalent in multi-step calculations involving monthly payments and
interest, posed significant challenges in 2021. Literature by Putri et al. (2023) and Hern&ndez-
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Cortes et al. (2023) points out that transformation errors often stem from difficulties in translating
word problems into mathematical representations. The 2022 intervention focused on providing
step-by-step instruction in formula application and value substitution, which significantly reduced
errors. This systematic approach aligns with Booth et al. (2014), who emphasize that stepwise
scaffolding in financial mathematics promotes procedural clarity and accuracy.

In terms of process skills, encompassing students’ ability to execute formulas once set up
correctly, DBR’s iterative framework proved instrumental. Targeted problem-solving exercises
reinforced procedural accuracy, encouraging students to confidently navigate complex
calculations. Studies by Ekasari and Putra (2023) and Nuryati et al. (2022) advocate for scaffolded
tasks in reducing process skill errors, as they enable students to internalize each calculation step,
a benefit reflected in the 2022 cohort’s enhanced performance on questions involving complex
calculations.

Improvement in Encoding and Financial Decision-Making Skills

Encoding errors, common in 2021 when students left answers incomplete or improperly rounded,
were minimized in 2022 by focusing on the final answer presentation and paying attention to
detail. Nuryati et al. (2022) emphasize the importance of precision in financial mathematics,
noting that coding errors can obscure accurate problem-solving outcomes. The intervention’s
attention to rounding and answer formatting helped reduce these errors, validating Newman’s
(1977) argument for final answer checks as essential for reducing encoding issues.

Financial decision-making skills were also positively impacted by the 2022 intervention.
Collaborative group exercises were implemented to improve decision-making skills, a method
supported by studies showing that cooperative learning fosters deeper comprehension and
enhances students’ analytical abilities (Johnson et al., 2024; Slavin, 2021). Students could discuss
and interpret financial terms collectively by engaging in group-based analysis, thereby reducing
errors and improving performance.

Anderson and Shattuck (2012) highlight DBR’s emphasis on real-world applicability as
key in vocational training, where informed decision-making is vital. The group-based tasks
fostered engagement and reduced random selection errors, reinforcing analytical skills necessary
for financial literacy.

NEA and DBR Synergy in Financial Literacy Instruction

The study’s findings align with Gula and Lovric’s (2024) view of numeracy as a means of
bridging abstract and concrete thinking, with the intervention’s focus on real-world applications
like budgeting supporting the transfer of classroom learning to practical contexts. Furthermore,
scaffolding tasks to address emotional barriers echoes Wilder and West’s (2024) findings on the
importance of designing meaningful and confidence-building learning experiences for adult
learners. By incorporating real-world financial data and data interpretation tasks, the study also
resonates with Wiik and Vos’s (2024) emphasis on developing visual-numeric literacy, allowing
learners to engage critically with graphs and charts. These findings collectively highlight the dual
importance of building technical competency and fostering critical thinking in financial
mathematics education, empowering learners to make informed decisions in their everyday lives.

The combined use of NEA and DBR frameworks provided a structured, diagnostic, and
adaptive approach to improving financial mathematics education. NEA’s error identification
across each learning stage enabled the DBR framework to iteratively refine the intervention,
directly addressing learning gaps and adapting instruction. Anderson and Shattuck (2012)
highlight the practical utility of DBR for addressing complex educational needs, aligning with the
need for responsive teaching in mathematics. Makonye (2020) underscores the value of targeted
interventions in financial mathematics to address misconceptions. Together, these perspectives
emphasize the importance of adaptable, research-informed strategies that significantly enhance
students’ comprehension, procedural accuracy, and encoding skills through iterative refinement.

Implications for Financial Mathematics Education
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The findings highlight the effectiveness of targeted, iterative instructional models for vocational
financial mathematics education. Combining NEA’s diagnostic clarity with DBR’s adaptive
methods supported student comprehension and accuracy (Ekasari & Putra, 2023).

These results highlight the effectiveness of applied learning that bridges theory and
practice, addressing financial literacy gaps and equipping students with essential skills. Lusardi
and Mitchell (2023) advocate for targeted, iterative approaches aligning with this study’s
methods. Potrich et al. (2018) underscore the link between financial knowledge and effective
management, supporting comprehensive, adaptive strategies in financial mathematics education.
Thus, while applied learning appears beneficial, these findings do not exclude the potential
benefits of other teaching approaches, suggesting a direction for future research.

Conclusion and Contribution

This study addressed the research question, “How can error analysis be used to improve the
teaching and learning of financial mathematics in TVET colleges?” In this regard, NEA can be
employed within a DBR framework. The combined approach effectively identified and targeted
students’ learning challenges across NEA’s diagnostic stages: reading, comprehension,
transformation, process skills, and encoding. Consequently, it revealed specific areas that needed
instructional intervention. The iterative DBR methodology facilitated targeted, context-based
adjustments that reduced common errors in understanding and applying financial concepts from
the 2021 to 2022 cohorts, highlighting how structured error analysis can enhance financial literacy
within vocational settings.

The study contributes to financial mathematics education by showcasing the efficacy of
combining NEA and DBR to improve students’ conceptual comprehension and procedural
accuracy. This approach aligns with broader educational strategies advocating for practical,
applied learning through collaborative learning and scaffolded, context-driven tasks. Findings
suggest that structured error analysis and iterative design hold considerable potential to support
financial literacy and foundational numeracy skills critical for students’ personal and professional
success. Future research may build on these findings by exploring the adaptability of this approach
across other vocational domains, further affirming its effectiveness in diverse educational
settings.

Limitations

While providing valuable insights into enhancing financial mathematics education through NEA
and DBR frameworks, this study had several limitations that should be considered. First, the study
was conducted with a limited sample size of students from a single TVET college, which may
affect the generalizability of the findings to other vocational education settings. Expanding the
sample to include multiple institutions could provide a more comprehensive understanding of the
intervention’s effectiveness across varied contexts.

Secondly, another limitation of this study is that Question 4 was the same for both the
2021 and 2022 cohorts to ensure consistency in comparison. This raised the possibility that the
2022 cohort might have been exposed to the question beforehand. Although many other papers
(since 2007) have been available since the program’s inception, the study acknowledges the
potential advantage this posed for the 2022 cohort.

The NEA approach effectively identified key misconceptions and guided targeted
instructional adjustments, leading to noticeable improvements in student performance. However,
certain errors were noted, suggesting that while NEA was beneficial, further intervention
refinement is necessary to address more profound conceptual gaps and ensure lasting
understanding.

While meaningful steps were taken to reduce bias in the study, such as maintaining a
reflective journal and engaging in peer debriefing with a team of experts, the potential for
subjectivity still existed due to the researcher’s dual role as investigator and intervention
facilitator.
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Recommendations

Findings suggest collaborative learning activities, such as group work on interpreting questions
and problem-solving, help reduce reading and comprehension errors. TVET programs should
foster more group-based problem-solving activities, enabling students to collectively interpret
financial terms and calculations, which can mitigate misinterpretations and build confidence.

Training workshops focused on NEA and the DBR approach could equip educators with
effective strategies for identifying and addressing specific error patterns in financial mathematics.
Such professional development should emphasize strategies for fostering students’ understanding
of financial terminology, procedural calculations, and multi-step problem-solving.
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