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South Africa’s National Senior Certificate examination system was introduced in 2008 as a single national examination system,
in order to facilitate fair and standardised assessment and to provide all learners with an equal chance of access to higher
education. However, limited research has been done to investigate the discrimination power of the actual examination items
and the spread difficulty level for learners from different school quintile types. The purpose of the study reported on here was
to investigate differential performance of learners in the items of the 2009 National Senior Certificate mathematics
examination. The dataset used in this study was from the Western Cape (WC) Education Department. From the analysis, the
results show that the discrimination power of the different examination questions was not identical across different school
quintiles. Further investigation of the data reflects a considerable range of category difficulty levels, with higher (above
average) ability levels being tested for learners in the quintile 1 to quintile 4 schools, while only learners with average abilities
were being tested in the quintile 5 and independent schools.
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Introduction

Standardised school leaving examination is used as the conventional criterion and signal achievements of
secondary school learners to universities and employers (Bishop, 1999; Brumwell, Deller & MacFarlane, 2017).
The purpose of standardisation is to develop a benchmark for the setting of assessment and to ensure that learners
with equal ability levels obtain equivalent results (Loock & Grobler, 2004). With the growth and increasing
interdependence of the global economy, the national systems of standardised examinations tend to follow
international and conventional standardised examination practices (see Wagner, Lockheed, Mullis, Martin,
Kanjee, Gove & Dowd, 2012 and references therein). Accordingly, South Africa introduced a single national
qualification examination in 2008, referred to as the National Senior Certificate (NSC), which serves as the key
entry point to national higher education institutions and the working environment (Department of Basic Education
[DBE], Republic of South Africa [RSA], 2021; Mahlobo, 2015; Sasman, 2011).

In South Africa, the school system is divided into public schools and independent (private) schools, where
public schools receive government funding, while independent schools do not receive government funding. The
public schools are subdivided into five national quintile (NQ) categories: NQ1, NQ2, NQ3, NQ4 and NQ5. The
quintile of each school is assigned, based on its socioeconomic status, which is measured by the rates of income,
unemployment and illiteracy within the school’s catchment area. Schools in the poorest communities are classified
as NQ1, with those in the wealthiest communities being classified as NQ5 (Ally & McLaren, 2016; Dass &
Ringuest, 2017). A progressive school-fee system is applied in the public schools, which imposes a lower/free
school-fee on low-income earning community schools, compared to those schools in higher income earning
communities.

Our objective with this study was to investigate the level of difficulty and discrimination power of the
mathematics examination questions (referred to as “items™) for the learners from socioeconomic diversified
schools. We trust that this study provides useful insights into the challenges of the fairness of the national
examination items for assessing learners’ ability and achievement, from both the lower and higher socioeconomic
background community schools.

Consequently, if the results indicate that the items did not produce a fair discrimination and a tolerable
difficulty level for diversified socioeconomic school learners, it provokes discussion and further research among
policy makers, educationists and researchers on the standardisation process of adjusting aggregated raw marks by
pre-specified criteria. Thereby, learners from lower socioeconomic backgrounds will have fair access to
universities and employability, based on the sole national qualification criterion.

Literature Review

In the ongoing effort to improve learner performance in school, one of the aspects that still needs attention is
narrowing the achievement gap for learners in the different socioeconomic school types. While the socioeconomic
status of the school is not the only factor associated with learner performance, it remains one of the most important
factors (Banerjee, 2016; Clotfelter, Ladd & Vigdor, 2007; Devine, Fawcett, Sziics & Dowker, 2012; Osborne,
2001; Spaull & Kotze, 2015; Van der Berg & Louw, 2007). A study by Carnoy and Chisholm (2008) echoed that
in the lower quintile schools, learner marks in mathematics were low, regardless of the teacher knowledge. Four
years later, Reddy, Prinsloo, Arends, Visser, Winnaar, Feza, Rogers, Janse van Rensburg, Juan, Mthethwa, Ngema
and Maja (2012), using the Trends in International Mathematics and Science Study (TIMSS) data, revealed that
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learners in NQ1 and NQ2 schools performed at
similar levels in mathematics, but lower than those
of the relatively better resourced NQ3, NQ4 and
NQ5 schools. By reviewing a number of studies,
Spaull (2013) noted that the performance of learners
from schools that fall in the wealthiest 20 to 25%,
was much better than the larger education system,
which catered for 70 to 80% of the learners in public
schools. Similar findings were later reported in a
study by Spaull and Kotze (2015), who found that
the learning gap between the poorest 60% and the
wealthiest 20% of learners in South Africa, was
approximately four grade levels for learners at
Grade 9 level.

Indeed, such disparities are not unique to South
Africa; they are of concern on a global scale. In a
study on learner performance in mathematics,
focusing on the lower grade levels in the United
States, Burnett and Farkas (2009) reported that the
poverty status of learners, contributed to the reduced
performance. These findings were supported by
those of Maliki, Ngban and Ibu (2009) who reported
that learners from independent schools in one of the
states in Nigeria were better performers when
compared to those from the public schools. On the
contrary, 5 years earlier, Hanushek (2004) reported
that schools in the United States with access to better
resources did not necessarily produce better
performances in the national examination. Similar
findings were reported across the years by Birch and
Miller (2007) and Smith and Naylor (2001) in
Australia and by McNabb, Pal and Sloane (2002) in
the United Kingdom (UK) who found that learners
from non-government schools performed poorer and
had lower ability levels in university later on than
those from public government schools. In summary,
these reviews highlight the importance of
considering the effect of socioeconomic status on
learner performance in the school national
examination.

Grade 12 assessment in South African schooling

Since 1994, South Africa’s highest schooling level
exit examination system (Grade 12) developed from
independent administration by different education
departments, to a (single) national examination
(DBE, RSA, 2012). The assessment of learners at
this level is made up of the school-based assessment
and a formal standardised external examination. The
school-based assessment makes up 25% of the
overall mark, while the formal external examination
carries 75% of the final NSC mark for the different
subjects areas of learning (Umalusi, 2013). The
internal programme of assessment includes informal
and formal assessments. The informal internal
assessment informs the educators on the learners’
progress towards achieving the assessments
standards, while the formal internal assessment tools
allow the teacher to differentiate between learners
on a performance scale (Wedekind, 2013).

However, the reliability of school-based assessment
has been questioned in past research (Shapiro,
Keller, Lutz, Santoro & Hintze, 2006; Stillman,
2001; Yong & Sam, 2008). The most common
factors preventing the wider acceptance of school-
based assessment, involve the problem of comparing
performances of different learners from different
schools and student assessment on a fair basis by the
teachers (Biggs & Collis, 1989; Yung & Yung,
2001). Globally, the use of standardised external
assessment is a common practice (Demski &
Racherbdumer, 2017; Garcia, 2003; Jacobs,
Mhakure, Fray, Holtman & Julie, 2014; and
references therein). In line with such international
practices, in our study we focused on the
performance of learners in the formal standardised
external examination.

Aim, Justification and Problem Statement

The NSC mathematics examination is structured

with a focus on the learners’ ability to answer an

examination item by solving problems using known
knowledge, routine, non-routine and complex
procedures. Past studies and reports often make use
of average scores and overall pass rates as a measure

of performance in mathematics (DBE, RSA, 2018;

Hunt, Ntuli, Rankin, Schéer & Sebastiao, 2011;

Makgato & Miji, 2006; Sasman, 2011). However,

such scores and rates do not measure the underlying

latent constructs, or latent variables, which are
thought to influence the observable indicators

(Embretson & Reise, 2000), that is, determining if

the examination was adequately designed to

measure the intended latent traits of the learners

(Geremew, 2014). It is, therefore, useful to assess

how well the mathematics examination items

measure the learners latent construct (called ability
level). It is also essential to study whether learners
from the different school quintile types, differ in
terms of mathematics ability level of achievement.

Accordingly, with this study we strove to answer the

following questions:

1) Are the NSC mathematics examination items equally
discriminating for the learners from the different
school quintile types?

2) Are the NSC mathematics examination items equally
difficult for the learners from the different school
quintile types?

3) Is the level of difficulty and discrimination power of
the NSC mathematics examination items identical for
the low and high ability learners?

To address these research enquiries, we used the

2009 NSC mathematics examination results data

from the WC Education Department. Unlike any

other province in South Africa, the WC Education

Department captured every 2009 examinee score,

for each mathematics NSC examination item.

Besides this data being key to shedding light on the

three questions above, the data structure unique to

this study can also serve as a baseline study for such
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data capturing for future NSC item analysis for other
provinces, and, therefore, also nationally.

Theoretical Framework

In this research, we sought to explore the level of
difficulty and the discrimination power of the NSC
mathematics examination items for the learners from
different school quintile types. Such item analysis
assists in estimating how learners of different ability
levels would score in a specific item (Boopathiraj &
Chellamani, 2013). Because the learner scores are
influenced by the characteristics of the learner and
by the characteristics of the item (Birnbaum, 1968;
De Boeck & Wilson, 2004; Rasch, 1960), learners
within the same classroom or same school, taught
the same mathematical concepts, may not develop
the same understanding of the content. Item
Response Theory (IRT) provides procedures for
obtaining information on learners and assessment
items. Therefore, within the ambits of IRT, there are
parameters describing the learners and those
describing the examination items (see Lazarsfeld &
Henry, 1968; Lord, 1980; Rasch, 1960).

Item difficulty

According to the most basic form of IRT, the
likelihood that the learner will respond correctly to
a particular test item is affected by two things: the
learner’s ability and the item’s difficulty. Therefore,
the probability that a particular learner will respond
correctly to a given test item depends on his/her
mathematical ability and the level of difficulty of the
test item.

Item discrimination

Just as the test items differ in terms of their level of
difficulty, they might also differ in terms of the
degree to which they can differentiate between
learners with high ability levels, compared to
learners who have low ability levels. This item
characteristic is called item discrimination.

Methodology
The data in this study consisted of a record of 19,927
Grade 12 NSC mathematics examinees from 389
schools from six different school quintile types,
namely, NQ1, NQ2, NQ3, NQ4, NQ5 and
independent schools. The NSC mathematics
examination items were structured to correspond to
one of six subject topics of the mathematics paper 1
curriculum indicated in Table 1. The exam targets
learner ability to answer the items by solving
problems using known knowledge, routine and non-
routine procedures, as well as complex procedures.
The NSC mathematics examination consists of 13
items, each of different weighting. The data were
presented as the raw learner mark captured for each
item at the individual learner level.

As a preparation of the item analysis we
recoded the raw captured marks into polytomously
ordered scoring categories, R; . The polytomous

ordered scoring was performed by taking the
different item weights into consideration. In order to
ensure that the polytomously scored items were of
uniform range, the data were rescaled, as shown in
Table 2, where, for example, a learner who answered
correctly less than 10% of item i would have been
recorded to score in category 1, while a learner who
answered correctly 10 to less than 20% of item i,
would have scored in category 2. The rescaling is a
standardisation approach in line with the guideline
of Embretson and Reise (2000).

Table 1 NSC mathematics 2009 items by topic in
the school curriculum

Item Item topic

Item1: Algebra and equations

Item 2: Patterns and sequences

Item 3: Patterns and sequences

Item 4: Patterns and sequences

Item 5: Patterns and sequences

Item 6: Functions and graphs

Item 7: Functions and graphs

Item 8: Functions and graphs

Item 9: Annuities and equations

10  Item 10: Calculus

11 Item 11: Calculus

12 Item 12: Calculus

13 Item 13: Linear programming

O©COoO~NOOTWN PR

Table 2 Scoring of the different categories
Graded score category Exam item scoring range
0-10
10-20
20-30
3040
40-50
50-60
60-70
70-80
80-90
90-100

SBoo~Nooh~wnR

Zondo, Zewotir and North (2020) studied the
same dataset, using quantile regression and found
that school type and the education district where the
school was located were significant factors
associated with learner performance in mathematics
in the Western Cape province. However, the
characteristics of the questions that made up the
mathematics examination were not examined.
Therefore, the IRT approach attempts to measure the
latent construct.

IRT (Embretson & Reise, 2000; Subjex, 2019)
is commonly used to model the probability of a
correct response to an item by relating certain item
characteristics to learner characteristics (Hambleton,
Swaminathan & Rogers, 1991; Reckase, 2009). That
is, IRT rests on the postulate that a learner’s score in
item i, is influenced by both learner and item
characteristics. IRT can be divided into two
branches, namely, unidimensional and
multidimensional. In brief, unidimensional IRT
requires the items (questions) to measure one latent
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construct, while multidimensional IRT models
describe more than one latent construct (De Boeck
& Wilson, 2004). IRT can be used to model both
dichotomous and polytomous items. Dichotomous
items can be scored as correct/incorrect or true/false
and such models are typically used to model items
such as those that include the one-parameter logistic
model (1PLM), two-parameter logistic model
(2PLM) and three-parameter logistic model
(3PLM), among others (Hays, Morales & Reise,
2000; Rasch, 1960). Polytomous IRT models
accommodate items with more than two
response/scoring categories, neither of which can be
referred to as correct or incorrect. The polytomous
IRT models include the Graded Response Model
(GRM) (Samejima, 1969, 2016), Partial Credit
Model (PCM) (Masters, 1982) and Nominal
Response Model (NRM) (Embretson & Reise,
2000).

The GRM was used in this study since it is
appropriate for items with ordered response/scoring
categories and items that need not have an equal
number of categories. In the GRM, each item i is
described by one discrimination (slope) parameter,
a;, and j =1,...,m; between category threshold
parameters, B;;, where R; =m; + 1 is the total
number of scoring categories for item i. Basically,
item i is treated as a series of m; =R;—1
dichotomies, that is, for an item with k = 3 scoring
categories, the dichotomies would be 0 vs. 1,2 and
0,1 vs.3 (2 between threshold categories). The
GRM is an extension of the 2PLM (Cagnone &
Ricci, 2005; De Boeck & Wilson, 2004; Geremew,
2014; Samejima, 1969) for items with polytomous
response categories, one discrimination parameter,
and multiple between threshold parameters (Subjex,
2019). One goal of fitting the GRM is to determine
the location of the threshold (f;;) parameters on the
latent trait scale. These threshold parameters
represent the trait level a learner needs to score in or
above threshold j with a probability of 0.5.
Samejima’s (1969) GRM is given by the following
equation:

P (8) = P (0) — Pi(ri1)(6)
where
ei(0-hij)
P(0) = 15 o@@F

are the m; curves describing the probability of a
learner scoring (r=j=1,..,m;) in or above
category threshold j for an item i, conditional on the
learners’ latent construct.

In the GRM, better performance in an item is
represented by higher scores and is dependent on the
learners’ latent trait 6 (in our case ability) and the
parameters that characterise the item (; and g;;).
Both the learner and item character parameters are
unknown, while the learner scores for each item in
the examination are known. The GRM parameters
are then estimated, using the Marginal Maximum

Likelihood (MML) or the Joint Maximum
Likelihood (JML) estimation technique. In addition
to the estimation of the discrimination and threshold
parameters, IRT allows for the modelling of the
Operating Characteristic Curves (OCCs), Item
Information Curves (IIC) and Test Information
Functions (TIF).

IRT rests on the assumption of
unidimensionality of the latent traits and local
independence. Unidimensionality of the latent traits
implies that the examination items collectively
measure only one latent trait that influences the
learner scores, with other factors being treated as
random errors (DeMars, 2010). The local
independence assumption indicates that if the
assumption of unidimensionality holds, a learner’s
score in one item will be independent of their score
in another item. That is, after controlling for the
latent trait 6, no relationship will exist between the
items. Various methods of assumption testing are
proposed in the IRT literature, and the common
approaches include: (i) analysis of eigenvalues
(ii) factor analysis and (iii) multi-trait multi-method
approach, which utilises the inter-item correlation
and item-total correlation. None of the methods for
verifying the assumptions are discussed in this work,
but the process of testing for the assumption is
illustrated.

The underlying assumption of rescaling is
unidimensionality (Embretson & Reise, 2000). That
is, the correlation among the items can be explained
by a single latent variable. This assumption can be
checked by examining the eigenvalues of
standardised values of all items (An & Yung, 2014).
From the scree plots it can be noted that the first
eigenvalue of the polytomous item correlation
matrix is much larger than the others, suggesting that
a unidimensional model was sensible for the data.
Furthermore, the Cronbach’s alpha coefficient of
reliability or internal consistency of the latent
construct was used. The results show that the items
measured the unidimensional latent variable
adequately with Cronbach alpha coefficients that
were much higher than 0.7.

Results

The 2009 NSC mathematics examination consisted
of 13 items, all of which collectively assessed the
learners on six topics. The GRM was fitted, which
considered the whole distribution range of the latent
construct (ability) across school quintile type.
Akaike’s Information Criterion (AIC) and Bayesian
Information Criterion (BIC) were used to assess the
GRM fit, with and without school quintile type. The
GRM with school quintile type was a better fit, that
is, smaller AIC/BIC, indicating that there was a
difference in learner ability (latent construct)
between the different school quintile types. In
evaluating the item parameter estimates, the study
attempted to address the research questions.
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Discrimination Power of the NSC Mathematics
Examination Items for Learners from the Different
School Quintile Types

The item discrimination parameters from the results
ranged from 0.68 to 3.18, labelled by Baker
(2001:34) as “moderate” and “very high”
discriminations respectively. The item
discrimination estimates are summarised and
presented in Table 3 and Figure 1. From Table 3 it
can be noted that, in general, all items discriminated
the learners in NQ5 and independent schools. Item
12 (last question on calculus) had the lowest

Table 3 Discrimination parameter estimates for each item

discrimination estimate for learners in all the
different school quintile types (public and
independent schools). Item 11 (second question on
calculus), item 1 (algebra and equations) and item 10
(first question on calculus) had the largest
discrimination parameter estimates for the learners
in NQ1, NQ2, NQ3 and NQ4 schools. Item 11
(second question on calculus), item 6 (first question
on functions and graphs) and item 8 (last question
on functions and graphs) had the largest
discrimination parameter estimates for NQ5 and
independent schools.

Item NQ1 NQ2 NQ3 NQ4 NQ5 INDEP
Item 1: Algebra and equations 259 289 3 26 2.89 25
Item 2: Patterns and sequences  1.66 1.42 169 158 2.09 1.98
Item 3: Patterns and sequences 166 131 158 159 203 1.78
Item 4: Patterns and sequences 212 194 222 19 229 2.3
Item 5: Patterns and sequences 144 101 138 169 212 2.28
Item 6: Functions and graphs 222 191 213 188 3.06 3.06
Item 7: Functions and graphs 113 14 128 135 1.82 1.88
Item 8: Functions and graphs 186 165 169 18 288 3.07
Item 9: Annuities and equations 1.65 158 169 162 248 242
Item 10: Calculus 277 252 273 227 243 188
Item 11: Calculus 284 318 316 289 3.13 2.7
Item 12: Calculus 098 068 083 09 177 1.74
Item 13: Linear programming 184 206 199 167 24 2.25

Visual details on item discrimination for the
learners in the different school quintile types are
shown in Figure 1. Figure 1 also shows that
discrimination estimates for NQ5 and independent
schools were similar and grouped together in all
items, with the exception of items 1, 3, 10 and 11,
which discriminated less for learners from the
independent schools, as compared to those from
NQ5 schools. Whether the discrimination
parameters were identical across the different school
quintile types was also examined. According to
Cumming (2009), when there is an overlap of less
than half the length of one arm, in the confidence
intervals of two point estimates, then the point
estimates are said to be significantly different from
each other with p = 0.05. If the two confidence

intervals “just touch”, then there is a significant
effect of p = 0.01. Furthermore, if there is a no
overlap in the confidence intervals of the two point
estimates, then the two-tailed p-value is less than
0.01, that is, the two-point estimates are statistically
significantly different from each other. This is
known as “the rule of eye” (Cumming, 2009:206).
Figure 2 presents the 95% confidence intervals for
the coefficient estimates of the different school
quintile types. The extent of the overlap of the
confidence intervals was thoroughly assessed, as
shown in Figure 2. Accordingly, the intervals for the
NQ5 and independent schools revealed an overlap
for most items in the mathematics examination.
Similar observations were made for the intervals for
NQ1 to NQ4 schools.
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INDEP NQL  coeeeeees NQ2 - - -NQ3 — —NQ4

NQ5

Item 1: Algebra and

Equations
Item 13: Linear 3,5 Item 2: Patterns and
Programming 3 Sequences

Item 3: Patterns and

Item 12: Calculus
Sequences

Item 4: Patterns and

Iltem 11: Calculus
Sequences

N i Item 5: Patterns and

Item 10: Calculus
Sequences

Item 9: Annuities and Item 6: Functions and
Equations Graphs
Item 8: Functions and Item 7: Functions and
Graphs Graphs

Figure 1 Item discrimination parameter estimates by school quintile type



South African Journal of Education, Volume 41, Number 4, November 2021 7

N1 NQ2 NQ3 NQ4 NQ5 INDEP Na1 NQ2

Item 1: Algebra and Equations
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Item 4: Patterns and Sequences
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Item 7: Functions and Graphs

Item 10: Calculus

Item 13: Linear Programming N2

NO1 NQ2 NQ3 NQ4 NQS INDEP

NQ3

Item 2: Patterns and Sequences

Item 5: Patterns and Sequences

Item 8: Functions and Graphs

Item 11: Calculus

I

NQ3

NQ4
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Item 3: Patterns and Sequences

Item 6: Functions and Graphs

po ]

Item 9: Annuities and Equations

P

Item 12: Calculus

II}

NQ4 NO5 INDEP NO1 NQ2 NQ3 NQ4 NOS INDEP

Figure 2 95% confidence limits for the discrimination parameter estimates by different school quintile types

Difficulty Level of the NSC Mathematics
Examination Items for the Learners from the
Different School Quintile Types

The threshold parameter estimates ranged
between -0.91 and 7.4; -0.94 and 10.47; -0.68 and
10.25;-1.24 and 9.34; -1.98 t0 3.44; -2.54 t0 2.9; and
-2.54 to 2.9 for NQ1, NQ2, NQ3, NQ4, NQ5 and
independent schools respectively. The NQ2, NQ3
and NQ4 estimates covered the widest range. The
values of these threshold parameters can be
interpreted as the trait (ability) level a learner needs
to score in or above threshold with the probability of
0.5. For item 1 (algebra and equations), the
thresholds for all school quintile types were evenly
spread in the range of the ability scale 6. For learners
who wrote the exam in NQ1 to NQ3 schools, a score
in the fifth or sixth category in item 1 was the most
probable attainment for learners just above the zero

latent trait level. Scoring in the highest two
categories for learners from NQ1, NQ2 and NQ3
schools was unlikely, as the threshold parameter
estimates were more than two standard deviations
above the mean. For learners from NQ5 and
independent schools, in item 1, the threshold
parameter estimates spanned the negative section of
the trait, and a score of eight was more probable for
the average learner (zero trait level). Moreover, for
the same item, learners from the NQ5 and
independent schools were likely to score in the top
two categories. The threshold parameter estimates
for item 5 (last question on patterns and sequences)
were spread to the positive side of the latent scale,
that is, higher ability levels were required from
learners in all school quintile types in this question.
This was a harder item and the average learner was
less likely to score in the higher categories. The
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thresholds for item 12 (last question on calculus)
were further spread to the right of the latent trait
scale, therefore, less likely to receive a concentration
of high scores, as it demanded the highest ability
scores relative to all the other items. It is worth
noting that no learner from the NQ1 schools scored
in or above category eight, for items 5, 8 and 12.

Is the Level of Difficulty and Discrimination Power of
the NSC Mathematics Examination Items Identical
for the Low and High Ability Learners?

The discrimination and between threshold parameter
estimates are summarised by the OCCs given in
Figure 3. For the GRM, the item discrimination and
threshold parameter estimates determine the shape
and the location of the OCCs. The discrimination
parameters dictate the shape (the higher the estimate,
the steeper the curves), while the threshold
parameters dictate the location of the OCCs
(Embretson & Reise, 2000; Sharkness, 2014). For
some items, the threshold parameters are not evenly
distributed, but are clustered in particular areas of
the ability scale. Figure 3 shows that the between-
category threshold parameters represent the point of
the latent construct scale at which the learners had a
50% chance of scoring in or above a certain
category. For instance, for item 1, learners who went
to NQ1 and NQ2 schools with an average ability
score (6 = 0) had a probability of 0.5 of scoring
above category 4 in the question for algebra and
equations, while those from NQ5 with the same
ability score, had at least a 50% chance of scoring
above category 7. For learners from NQ2 schools
with a higher ability score of 2, the probability of
scoring in or above category 7 was 0.5. For item 11
(second question on calculus), the probability of
scoring above category 2 for learners from NQL,
NQ2 and NQ3 schools with an average ability score
of 0, was approximately 0.2. This probability
increased to more than 0.8 when ability scores were

increased to 1, for the same learners in question to
score in or above category 2. In contrast, learners
from NQ5 and independent schools with an ability
level of 1, displayed a probability of 0.4 and 0.6
respectively of scoring in or above category 9 for the
same item. In general, the probability of scoring in
the lower categories was common for learners from
the so called poor government schools. Some items
had OCCs clustered in particular areas. Specifically,
the thresholds for item 2 (first item on patterns and
sequences) were able to differentiate between low
and high trait learners, where the OCCs for the item
indicate a clear distinction in the clustering of the
lower between threshold categories (1, 2, 3, 4 and 5)
and the upper between threshold categories (6, 7, 8
and 9), for all school quintile types. Items 5, 6, 7, 8,
9 and 12 required ability scores above zero (average)
for learners in the poor government schools. The
OCC:s for these items were located more to the right
of the ability scale. Items 5, 6, 8 and 12 were not able
to provide much information about learners from
poor government schools with average ability
scores. From Figure 3, it is interesting to note that
the OCCs shift to the left of the ability scale, moving
from NQ1 to NQ5 and independent schools. This
means that higher ability levels were needed for
leaners in the “poor” government schools (NQL1 to
NQ4) to perform well when compared to learners
from the NQ5 and independent schools.
Furthermore, moving from item 1 (first item) to item
13 (last item), it is interesting to observe the location
of the OCCs on the ability scale for the different
items. From the Test Information Curves (TICs)
presented in Figure 4, it is evident that maximum
information gained from NQZ1, NQ2 and NQ3
schools, was from learners with ability scores
around 2. For NQ4, maximum information was
obtained from learners with an ability score of 1, and
around O for learners who attended the NQ5 and
independent school quintile types.
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and Sequences | and Equations

and Sequences | and Sequences
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and Equations
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Figure 3 Operating Characteristic Curves (OCCs) for the 13 items of the NSC mathematics 2009 Paper 1 by
school quintile type
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Information

2 4
Ability
School quintile type
——— INDEP — — NQ1 — - NQ2

Figure 4 Test Information Curves (TICs) for the different school quintile types

Discussion

Discrimination Power of the NSC Mathematics
Examination Items for Learners from the Different
School Quintile Types

From our results, it is apparent that the items did not
discriminate equally for the learners from the
different socioeconomic school quintile types, as
some pairwise comparisons were rejected, more
specifically, the NQ5 and independent schools
versus the NQ1, NQ2 and NQ3 schools. The overall
values of the discrimination parameter were highest
mostly for NQ5 and independent school quintile
types, that is, the items discriminated more for the
learners in NQ5 and independents schools.

Difficulty Level of the NSC Mathematics
Examination Items for the Learners from the
Different School Quintile Types

The difficulty level analysis showed that items 5, 6,
7, 8, 9 and 12 were the most challenging for learners
in NQ1, NQ2, NQ3 and NQ4 schools. These items
included the last question for patterns and sequences
(item 5), all the questions on functions and graphs
(items 6, 7 and 8) and the last question on calculus
(item 12). Items 5, 6, 8 and 12 gave the least
information on learners with average ability from
the lower quintile schools, while most items gave
much information on the average learner from the
NQ5 and independent schools.

Past studies and reports on the NSC
mathematics examination often use descriptive
measures such as means, pass rates, or linear
regression and correlation. Our study has
significance for many scholars in developing
countries in the context of measuring differences in
mathematics performance by analysing the
perceived level of item difficulty and item
discrimination by learner abilities, for the learners in
the different socioeconomic school quintile types. In
research, itis rarely the case that the items of interest
can be explained solely by the quantification of the

item (or student) level measure for some latent
construct (Briggs, 2008). We may rather explain
group level difficulties among these measures
(Briggs, 2008; De Boeck & Wilson, 2004;
Mellenbergh, 1994). When no explanatory
component is added, researchers should be aware of
the effect that this would have on the results of their
study.

Using the GRM approach, this analysis
allowed us to model the relationship between learner
ability score (latent construct) in mathematics and
the pattern of responses to the items. The nobility of
the approach is in systematically explaining the
interrelationship with items explained by one latent
variable. The reliability analysis further confirmed
that the single latent construct measured the
mathematics examination item scores with minimal
loss of information. We aimed to investigate the
level of difficulty and discrimination power of the
mathematics examination items for the learners from
socioeconomic diversified schools. The findings
show that the extent to which the NSC mathematics
examination discriminated between learners with
low and high ability levels, varied for learners in the
different school quintile types. Furthermore, the
results indicate that the perceived level of difficulty
varied across school quintile types. The
identification of these differences shed light for
further research and discussion for policy makers,
measurement and evaluation researchers and
educators, on how to account the effect of school
quintile type on learner performance in the
standardised mathematics examination and/or final
examination marks.

Conclusion

A limitation of this research was that it relied on the
2009 dataset. However, as this was a year just after
the introduction of the NSC, undoubtedly, the study
serves as a baseline for how the item construction



South African Journal of Education, Volume 41, Number 4, November 2021 11

and learner abilities change over the years as the
NSC becomes a national norm; it shed light on how
the first national examination was experienced in the
different sectors mentioned. Despite this limitation,
this study makes an important contribution to the
literature and initiates insight and a national debate
on how to evaluate whether the NSC mathematics
items equally assess all Grade 12 learners from all
school quintile types — it offered a unique
opportunity to investigate the performance by topic
area, across different quintile public and
independent schools. Therefore, it will be helpful in
developing effective assessment items and measures
(Embretson & Reise, 2000; Fraley, Waller &
Brennan, 2000; Kean & Reilly, 2014) for the NSC
mathematics examination and potentially for other
subject areas. Failure of such interventions will
likely lead to a continuation of unequal performance
in the final examinations and moreover, unfair
access to higher institutions of learning for learners
from the different school types, which clearly
contradicts the purpose of a standardised single
national assessment. In addition, this work further
demonstrates the importance and need for detailed
datasets for performance monitoring in the NSC
examination system countrywide. Results could
shed light on further studies that could be done, if
more recent such data sets were collected.
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