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Curriculum mapping is a common practice amongst test designers but not amongst teachers. 
As part of the Data Informed Practice Improvement Project’s (DIPIP) attempt to de-fetishise 
accountability assessment, teachers were tasked to investigate the alignment of a large-
scale assessment with the South African mathematics curriculum. About 50 mathematics 
teachers from Grade 3–9 worked in groups together with subject facilitators from the Gauteng 
Department of Education and a university postgraduate student or lecturer who acted 
as group leader. The first project activity, curriculum mapping, provided a professional 
development opportunity in which groups mapped mathematical assessment items to the 
assessment standards of the curriculum. The items were taken from three sources: the 2006 
and 2007 International Competitions and Assessments for Schools tests and from ‘own tests’ 
developed by the groups in the last term of the project. Groups were required to analyse the 
knowledge base underlying test items and to reflect on what they teach in relation to what the 
curriculum intends them to teach. They used a protocol (mapping template) to record their 
responses. This article deals with the question of how to transform data collected from large-
scale learner assessments into structured learning opportunities for teachers. The findings 
were that through the curriculum mapping activity, groups became more aware of what is 
intended by the curriculum and how this differs from what is enacted in their classes. The 
findings were also that the capacity of groups to align content was better when they worked 
with leaders and that with more experience they gained confidence in mapping test items 
against the curriculum and made better judgments in relation to curriculum alignment. 
Involving teachers in the interpretation of both public assessment data and data from their 
own classroom activities can build their own understanding of the knowledge base of test 
items and of the curriculum.

Introduction
As a policy lever for benchmarking standards and for monitoring performance, the South African 
Department of Basic Education has embarked on a number of national initiatives to collect learner 
assessment data. A variety of international and local large-scale systemic assessments have 
been conducted in the country. To date the data from these systemic assessments, the test items 
as well as the test results, have been used by mathematical and language experts, economists 
and statisticians at a systemic level and predominantly for benchmarking. Teachers have not 
participated in the production of this evidence nor has the opportunity for developing teachers’ 
interpretive skills of such data been taken up. The question is how to transform data collected 
from large-scale learner assessments into structured learning opportunities for teachers. This 
article deals with this question. 

Merely having another set of data in the form of benchmarking, targets and progress reports 
that ‘name and shame’ schools leads to resentment and compliance but not to improvement of 
learning and teaching (Earl & Fullan, 2003; McNeil, 2000). In South Africa, Kanjee (2007) sums up 
the challenge:

For national assessment studies to be effectively and efficiently applied to improve the performance of 
all learners, the active participation of teachers and schools is essential. … Teachers need relevant and 
timeous information from national (as well as international) assessment studies, as well as support on 
how to use this information to improve learning and teaching practice. Thus a critical challenge would 
be to introduce appropriate policies and systems to disseminate information to teachers. For example, 
teacher-support materials could be developed using test items administered in national assessments. (p. 
493)

It appears that in using Annual National Assessments the South African Department of Basic 
Education is aiming to provide teachers with timeous information from national assessments 
to guide planning and monitor progress (Department of Basic Education, 2010). What is not 
clear is how the department is planning to support teachers on how to use this information to 
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improve learning and teaching practice. Very little attempt 
has been made to involve teachers in data interpretation 
and not enough emphasis has been placed on the potential 
value of the data available from these systemic evaluations 
for informing teaching and learning practices. International 
research has engaged with the question of how to use 
assessment data beyond benchmarking (Earl & Fullan, 2003; 
Earl & Katz, 2005; Katz, Earl & Ben Jaafar, 2009). In thinking 
about this question, Katz, Sutherland and Earl (2005) drew 
an important distinction between two very different kinds of 
practices in benchmarking: ‘accounting’, which is the practice 
of gathering and organising of data, and ‘accountability’, 
which refers to teacher-led educational conversations about 
what the data means and how it can inform teaching and 
learning. Katz et al.’s (2005) distinction is very important 
and is in line with Elmore’s (2002) and Hargreaves’s (2001) 
important arguments. Hargreaves (2001, p. 524) argues that 
the future of collegiality may best be addressed by (inter alia) 
taking professional discussion and dialogue out of the privacy 
of the classroom and basing it on visible public evidence and 
data of teachers’ performance and practices, such as shared 
samples of student work or public presentations of student 
performance data. Elmore (2002) claims that teachers can be 
held accountable for their performance only if they have a 
deep sense of the demands made upon them. Although this 
may seem obvious, the challenge lies in identifying what 
counts as making accountability standards explicit. 

Literature on professional development programmes for 
teachers shows that piecemeal forms of intervention are 
not effective (Borko, 2004; Cohen & Ball, 1999; Earl & Katz, 
2005; Elmore & Burney, 1997; Katz et al., 2009). A broad 
consensus seems to emerge around the following claims: 
firstly, that teachers require continuous interactive support 
over a substantial period of time. Secondly, that teacher 
learning should be focused on specific (and few in number) 
educational objects and guided by an expert who is acting 
as a critical friend. Thirdly, that within the current emphasis 
on accountability, professional conversations by teachers, 
in support networks (broadly referred to as ‘professional 
learning communities’), can provide teachers with a 
productive opportunity to cultivate a sense of ownership of 
what the data means, specifically in relation to their current 
practices. 

The Data Informed Practice 
Improvement Project 
Working with teachers on interpretation of learner 
assessment data was the central goal of the Data Informed 
Practice Improvement Project (DIPIP), Phase 1 and Phase 2 
(Shalem, Sapire, Welch, Bialobrzeska & Hellman, 2011). 
The DIPIP project provided a context for professional 
conversations in which mathematics teachers, together with 
university academics, graduate students and department-
based subject advisors, discussed assessment data. In these 
discussions, groups were dealing with information from the 

assessment data that could be used to think about reasons 
for learners’ errors, map the test items to the National 
Curriculum Statements (NCS), read and discuss academic 
texts about mathematical concepts (e.g. the equals sign) and 
learner errors related to these, develop lesson plans, and 
reflect on videotaped lessons of some teachers teaching from 
the lesson plans.

The positive outcomes of research done on the efficacy of 
professional learning communities served to inform the 
approach used in this project (Brodie & Shalem, 2011). The 
term ‘professional learning communities’ generally refers 
to structured professional groups, usually school-based, 
providing teachers with opportunities for processing the 
implications of new learning (Timperley & Alton-Lee, 2008). 
Commonly, professional learning communities are created 
in a school and consist of school staff members or a cross 
section of staff members from different schools in a specific 
area of specialisation. The groups in the DIPIP project were 
structured differently and included teachers and practitioners 
with different knowledge bases and role specialisations (see 
below). As professional learning communities, the groups 
worked together for a long period of time (weekly meetings 
during term time at the Wits Education campus for up to 
three years from 2007–2010), sharing ideas, learning from 
and exposing their practices to each other. In these close-knit 
communities, teachers worked collaboratively on curriculum 
mapping and error analysis, lesson and interview planning, 
test setting and reflection. 

To provide the basis for a systematic analysis of learners’ 
errors, test items and learner achievement data of an 
international standardised multiple-choice test, the 2006 and 
2007 International Competitions and Assessments for Schools 
(ICAS), was used.1 For the curriculum mapping activity the 
groups were tasked with investigating the alignment of the 
ICAS tests items (not learner achievement data) with the 
curriculum at the time, that is, the NCS for Mathematics 
(Department of Education, 2002). This article focuses on the 
nature and outcome of the curriculum mapping activity, 
presenting findings on how the curriculum mapping activity 
provided groups of practitioners an opportunity to engage 
with and reflect on the curriculum, and discussing in what 
ways and to what extent this activity succeeded.

Curriculum standards – teacher knowledge and 
interpretation
There are two main different forms of curriculum. The first is 
skills based and presents a collection of statements (outcomes 
and assessment standards). The second is content based 
and its form foregrounds the conceptual structure of the 
intellectual field from which it selects specific subject matter. 
Research in South Africa has shown that an outcomes-based 
curriculum provides weak signals to teachers about coverage, 
sequence and progression. Upon the findings of several 

1.The ICAS test is designed and conducted by Educational Assessment Australia (EAA). 
In the Gauteng province of South Africa, 55 000 learners across Grade 3–11 in 
both private and public schools (3000 in total) wrote the ICAS tests in 2006, 2007 
and 2008.
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national investigations, the NCS was replaced with a content-
based curriculum (Department of Basic Education, 2011). 
There is hope that the provision of a curriculum that gives 
better signals on content and forms of learning will enable 
teachers to implement that curriculum more effectively. We 
argue that it is one thing to design a better curriculum, but it 
is a very different matter to achieve teachers’ understanding 
of what standard is required for the grade they are teaching 
and what content they should focus on in their teaching.

Teachers’ understanding of accountability demands, their 
consent and their readiness to accept change are interrelated 
processes (Shalem, 2003), but policymakers often assume that 
curriculum standards make policy requirements sufficiently 
clear to teachers. In practice, ‘reading’ the curriculum requires 
an application of teacher knowledge. Shulman (1986) refers 
to three categories of teacher knowledge, namely, pedagogic 
knowledge, content knowledge and pedagogic content 
knowledge. In order to properly interpret the curriculum, 
teachers are expected to draw on their subject matter 
knowledge and to contextualise curriculum standards within 
their learning environment, taking into account the needs of 
their learners. In terms of Shulman’s categories of knowledge, 
this means that teachers need to draw on both their content 
knowledge and pedagogic content knowledge in order to 
interpret and apply the curriculum. More specifically, Ball’s 
sixth domain of teacher knowledge, ‘horizon knowledge’, 
is useful here. It refers to teacher knowledge ‘of how 
mathematical topics are related over the span of mathematics 
included in the curriculum’ (Ball, Thames & Phelps, 2008, 
p. 403). Following the work by Ball et al., one can say that in 
order to set high expectations for their learners, in addition 
to their specialised mathematical knowledge which straddles 
six domains of mathematical knowledge for teaching, 
teachers need to understand the sequence and progression 
of the mathematics they teach. Teachers need to understand 
what the curriculum aims to achieve in an earlier grade and 
in what ways the topics they teach connect to the conceptual 
development of the same concept in a later grade. In this way, 
teachers could better understand the standards required of 
the curriculum. 

International empirical research shows that curriculum 
statements about assessment standards, together with results 
of various standardised assessments, do not, in themselves, 
make standards clear (Darling-Hammond, 2004; Katz 
et al., 2009). Empirical research in South Africa has identified 
misalignment between the demands of the curriculum, 
teaching and assessment (Reeves & Muller, 2005). Classroom 
research suggests that many teachers simply ignore important 
aspects of the NCS and continue to teach poorly what 
they taught before (Brodie, Jina & Modau, 2009; Chisholm 
et al., 2000; Fleisch, 2007; Jansen, 1999). There are a variety 
of reasons for this overarching finding. Research in South 
Africa gives primacy to two inter-related explanations: poor 
teacher knowledge, in particular subject matter knowledge, 
and poor signalling of the (NCS) curriculum (Taylor, Muller, 
& Vinjevold, 2003). The argument is that the outcomes-based 
curriculum provided teachers with very weak signals as 

to what content should be made available to learners and 
how this should be done. Many teachers in South Africa 
lack strong content knowledge to ‘design down’2 tasks, 
activities and assessments from the outcomes specified in 
the curriculum (South African Qualifications Authority, 
2005). NCS curriculum standards were generally weak, 
both in content and progression, and therefore provided 
a weak guide for teachers (Muller, 2006; Reeves & Muller, 
2005; Shalem, 2010). Reeves and McAuliffe (2012) found in 
their study of ‘topic sequence’ and ‘content area spread’ in 
mathematics lessons that ‘for most learners mathematics was 
not presented in a coherent and composite manner over the 
school year’ (p. 28). When the curriculum specifies content as 
a list of topics, it does not elaborate sufficiently on the topics 
conceptually, and does not relate the topics to one another 
adequately. Furthermore, lists of skills of what learners 
must do without any specific content attached to these skills 
allow for too much variation (low reliability) in the types of 
textbooks that are produced, in the criteria used by schools to 
select textbooks, in teachers’ professional judgement of what 
counts as an achievement, in the kind of tasks teachers design 
and in ‘curriculum coverage’. The main point here is that 
‘lists of statements’ do not necessarily show what concepts 
are key to a field, what activities are worthwhile and what 
texts are worthwhile (Shalem, 2010, p. 91). Taken together, 
these explanations suggest that teachers struggle to interpret 
the curriculum (Brodie, Shalem, Sapire & Manson, 2010).

In this article we add a third explanation. We propose that 
even if standards are sequenced and well explicated by 
examples, they do not disclose to teachers what instructional 
practice should look like or what constitutes acceptable 
coverage and cognitive demand of curriculum content. 
Curriculum standards intend to transmit criteria to teachers 
of what, when and how to teach mathematical content, but 
transmission this through telling teachers is not enough. 
Teachers need to be involved, we argue, in a practice that will 
require them to use the curriculum standards so that they 
understand what they mean and how they are related to their 
existing practice. Criteria, says Cavell (1979), are embedded in 
practice. We ‘find’ them in the way we do and say things. It is 
in the way we speak or in the way we do things that we make 
relevant connections, and thereby show that we understand 
the way a concept is related to other concepts, or its criteria 
(Shalem & Slonimsky, 1999). Put differently, by doing 
knowledge-based professional work, teachers, we argue, are 
given an ‘epistemological access’ (Morrow, 1994) to the form 
in which the curriculum is designed, and more specifically 
to the content that it privileges. According to Ford and 
Forman (2006), this kind of professional development work 
requires a relational framework between three fundamental 
constitutive disciplinary resources: disciplinary material 
(working with ‘the material aspects’ of a specific intellectual 
field or with a set of propositional knowledge limited to the 
field), collectivity (using the norms of the intellectual field to 
produce proofs and grounds for judgement), and disciplinary 

2.‘Design down’ was one of the imperatives of the NCS. This meant that teachers had 
to start with curriculum specifications and design lesson plans through which these 
specifications would be delivered in their classes.
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procedure (following procedures to evaluate claims made 
about the natural or the social world) (p. 4). Taking part in 
curriculum mapping activities, we argue, provides such an 
opportunity for teachers’ professional development.

Curriculum mapping
Curriculum literature distinguishes between the intended, 
enacted and examined curriculum (e.g. Stenhouse, 1975). 
In broad terms, this distinction refers to the differences and 
connections between what the official curriculum document 
intends, including the academic literature teachers use to 
decide what to emphasise when they teach a mathematical 
concept in a specific grade (the intended curriculum), what 
teachers do in their classrooms (the enacted curriculum) 
and what is assessed in order to determine achievement and 
progress (the examined curriculum). ‘Curriculum alignment’, 
the idea that informs ‘curriculum mapping’, describes what 
counts as a productive educational environment. Biggs’s 
(2003) premise is that when a teacher covers the content of 
an ‘intended curriculum’ at the appropriate cognitive level of 
demand and their learners perform well on high quality tests 
(the examined curriculum), they have created a productive 
learning environment (the enacted curriculum), aligned to 
the demands intended by the curriculum. The corollary of 
this is that if the quality of a learning environment is judged 
from the high results of the learners, all things being equal, 
it can be said that the results of the learners demonstrate that 
they have studied key content of the subject (curriculum 
coverage) and that they are able to use the content to answer 
a range of questions (cognitive level of demand). This is an 
important insight for understanding the role of curriculum 
knowledge in teacher practice and the significance of having 
experience in curriculum alignment.

Teachers can become more familiar with the requirements 
of the curriculum and in this way improve the conditions 
for achieving curriculum alignment (Burns, 2001; Jacobs, 
1997) through their involvement in curriculum mapping 
activities. Curriculum mapping is defined as a ‘tool for 
establishing congruence between what is taught in the 
classroom and what is expected in state or national standards 
and assessments’ (Burns, 2001). The idea was formulated 
by English in the 1980s (in Burns) and in its common form 
includes a type of calendar on which teachers, in grade-level 
groups, record time-on-task in each of the topics they teach 
and the order in which they teach the topics. Over time this 
practice developed to include teachers’ records of the ways 
they taught and assessed the topic. In this common form, 
curriculum mapping is focused on the relation between the 
enacted curriculum and the intended curriculum. 

Accounting – an opportunity to learn from the examined 
curriculum
It is current practice by policymakers to strengthen 
accountability by using large-scale assessments (the 
examined curriculum). The policy idea here is that providing 
teachers with a range of assessments at different levels of 
cognitive demand in relation to key subject matter content, 

education departments hope to use the examined curriculum 
to make curriculum standards explicit. To be considered 
rigorous, of high quality and valid, large-scale assessments 
need to be shown to be aligned to the curriculum (Brookhart, 
2009; Case, Jorgensen & Zucker, 2008; McGehee & Griffith, 
2001). However, and this is the argument of this article, if 
teachers do not have opportunities to participate in analysing 
the content of these learner assessments, more specifically to 
profile the test items or to examine the curriculum standards 
that they articulate, their mathematical content and its 
alignment with the curriculum standards of the grade they 
are teaching, and which mathematical concepts or skills are 
needed in order to find the solution to a test item, teachers will 
not be able to fully gauge the requirements of the intended 
curriculum. We believe that an opportunity for teachers to 
learn is missed here. 

By working with test items (the examined curriculum) and 
thinking about the links between the content present in the 
test items in relation to the content present in the curriculum 
standards (the intended curriculum), the teachers in the 
DIPIP project were doing a different and more unusual form 
of curriculum mapping. The use of test items as an artefact to 
focus teachers’ thinking when they interpret the curriculum 
addresses the main challenge faced when interpreting any 
curriculum document, that is, to identify ‘what’ has to be 
covered as well as ‘the level’ at which the selected content 
needs to be taught. In curriculum terms this refers to 
curriculum coverage in a specific intellectual field at levels 
of cognitive demand appropriate for specific grades. By 
structuring professional conversations around curriculum 
mapping of test items, the mapping activity intended to 
provide the teachers with a relational framework, one in 
which they enact dimensions of expertise that are commonly 
excluded from them (curriculum mapping). Through this 
we hoped to enable the teachers to gain a deeper and more 
meaningful understanding of the curriculum (the NCS), 
which, as we have shown above, is a skills-based curriculum 
that is, in best case scenario, opaque, especially in the case 
of teachers with weak subject matter knowledge. It is to the 
design of the activity that we turn next. 

The project process
There were two rounds of the mapping activity in our 
project: the first in February − May 2008 (Round 1) and the 
second in August − mid-September 2010 (Round 2). About 50 
mathematics teachers from Grade 3 to 9 worked in groups. 
The initial selection of teachers for participation in the project 
was guided by the Gauteng Department of Education. In 
particular, teachers from ‘better performing schools’ that had 
participated in the ICAS tests were selected. However, as a 
few teachers dropped out of the project, they were replaced 
by other mathematics teachers selected from schools with 
easy access to the Wits Education campus (Shalem et al., 
2011). The group membership was highly stable and over 
the three year period, a total of 62 teachers participated. 
The teachers were divided into 14 groups, two groups for 
each grade. Each group consisted of 3–4 teachers, a subject 
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facilitator from the Gauteng Department of Education and 
a graduate student or a university staff member as a group 
leader. Two points must be emphasised here. Firstly, the 
group leaders were selected for their mathematics classroom 
experience or alternatively for their involvement in initial 
teacher education and in-service teacher development. At 
different points of time during the duration of the project, 
before the introduction of a new activity, the leaders were 
trained by a mathematical education expert. Their role was 
very important in the project, which is borne out by the 
findings (see below). Secondly, since all the activities were 
conducted in groups, reporting on DIPIP activities relates to 
the groups and not to individual teachers. Although results 
about individual teachers’ mapping would be more desirable, 
from a research perspective, the idea of professional learning 
communities and this methodological criterion are in conflict. 
Notwithstanding, the results reported in this article are 
statements arrived at through group discussion in relation 
to specific activities and reflect the consensual decision made 
by the group.

The ICAS tests were not designed especially for the South 
African curriculum. These tests, which are used in many 
countries in the world, were used in South Africa in good 
faith that they represented an ‘international’ mathematics 
curriculum. The mapping activity that the groups were 
given to complete was not done on this test by any expert or 
department official. The Gauteng Department of Education 
treated the test as generally valid for the mathematical 
content of the grades tested. Our curriculum mapping 
confirmed this assumption. Table 1 shows our analysis of 
the content coverage in the ICAS 2006.3 The table lists the 
number of items per curriculum content area for each of the 
grades studied in the project (consistent with the NCS topic 
weighting). 

The curriculum mapping activity
In Round 1, all 14 groups mapped the 2006 ICAS test items. 
The groups met once a week for about two hours for 14 weeks, 
working with their group leaders. Groups were expected to 

3.Coverage is designed in a similar way in the ICAS 2007 tests.

map a minimum of 20 items in Round 1. In Round 2, 11 of 
the groups mapped ICAS 2007 items or items from tests that 
they had set themselves (hereafter referred to as ‘own tests’). 
Groups worked without group leaders in Round 2. This was 
done in order to see the extent to which they could manage 
the task on their own.

A modified curriculum document was prepared for use by the 
groups (Scheiber, 2005). The tabulated curriculum enabled 
the groups to navigate and refer to the NCS document more 
easily, to look at and compare the content and contexts 
across the different grades. The tabulated curriculum has a 
landscape page setup and matches the assessment standards 
for each grade, across the page, using numbers. This makes 
it easy to compare the assessment standards across grades 
and to see at a glance how concepts are built up in each 
grade. Figure 1 gives an illustrative example of the mental 
arithmetic assessment standard strand from Grade 1 to 5. In 
the full tabulated document, assessment standard strands 
from Grade 1 to 9 are given across the page. 

The groups were given a template (see Figure 2), which 
structured their conversations and guided the process by 
which they arrived at a consensus, which was recorded in 
the template as the ‘group response’. The template was given 
to the groups in order to focus the conversation around what 
the ICAS test assessment data (the examined curriculum) 
means, how it aligns with the conceptual demands of the 
NCS (the intended curriculum), and how it fits with teachers’ 
professional knowledge and experience (the enacted 
curriculum) (Brodie et al., 2010).

For each test item the groups needed to:

•	 identify the mathematical concept or concepts being 
tested by the ICAS item

•	 find the relevant assessment standards relating to the 
concepts

•	 justify the choice of the assessment standard
•	 state when or if the content is taught and whether it is 

taught directly or indirectly.4

4.‘Indirectly’ means through an assignment, a project or homework task, or linked to 
another content area. 

TABLE 1: Number of items per curriculum content area for each grade in the ICAS 2006 test.
Content area Grade 3 Grade 4 Grade 5 Grade 6 Grade 7 Grade 8 Grade 9 Total
Number 11 11 11 11 10 11 7 72
Pattern or Algebra 6 6 6 6 7 7 9 47
Shape 10 10 10 10 10 8 8 76
Measurement 8 8 8 8 8 9 8 57
Data 5 5 5 5 5 5 8 43

ICAS, International Competitions and Assessments for Schools.

1.1.12
Performs mental 
calculations involving 
addition and subtraction 
for numbers to 
at least 10

2.1.12
Performs mental 
calculations involving:
• addition and subtraction for 

numbers to at least 20
• multiplication of whole 

numbers with solutions to at 
least 20.

3.1.12
Performs mental 
calculations involving:
• addition and subtraction for 

numbers to at least 50
• multiplication of whole 

numbers with solutions to at 
least 50.

4.1.12
Performs mental 
calculations involving:
• addition and subtraction
• multiplication of whole 

numbers to at least 10 × 10.

5.1.12
Performs mental 
calculations involving:
• addition and subtraction
• multiplication of whole 

numbers to at least 10 × 10.

FIGURE 1: Exemplar assessment strands (mental arithmetic, Grade 1–5) in tabulated format.
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The template required the groups to think about and decide 
which mathematical concepts or skills are needed in order to 
find the solution to a test item. The group’s decision was to be 
based on which Assessment Standard(s) its members linked 
the test items to. The groups needed to be sure that their 
selection was appropriate, and to do this they were asked to 
give strong motivation for their decision. This selection was 
not confined to the NCS of the grade they were analysing, 
but was related to several grades. This was possible as the 
group worked with all the assessment standards across 
Grade R–9. The last section of the activity gave the groups 
an opportunity to examine the alignment between the 
intended and the enacted curriculum, comparing the content 
coverage assumptions made by the test designers and what, 
in fact, they cover in the classroom. In the last column of the 
template (Figure 2), the groups needed to report on their 
teaching practices. This allowed the gap and the congruence 
between the intended and the enacted curriculum (based on 
groups’ reporting) to be made explicit to the teachers in their 
groups. In this way, the ICAS test was used as an artefact (a 
concrete textual item), which mediated between the intended 
curriculum and the groups’ professional knowledge and 
experience of the enacted curriculum. The upshot of this is 
that by being involved in professional work (the work that 
normally mathematics and curriculum experts do when 
they align the examined with the intended curriculum), 
teachers, in their respective groups, reported that they came 
to understand the demands of the NCS curriculum for the 
first time (Brodie et al., 2010). 

Sample of items
Of the 402 ICAS items that groups mapped in Round 1, 140 
items were selected for analysis. From the first half of each 
grade level test 10 items were chosen and 10 items were 
chosen from the second half of the test. This gave 20 items 
per grade. The selected items included all the content areas 
tested. All 82 of the items mapped by the groups in Round 2 
were selected for analysis.

Data analysis
A mathematics education expert was employed to map the 
sample of the ICAS test items. The expert’s mapping was 
validated by a project manager and based on this agreed 
mapping, groups were considered to have ‘misaligned’ 
items with the curriculum standards when their mapping 
was different from the validated mapping. Coding of the 
alignment was recorded in spreadsheets. Coding of the 
remaining data involved recording (using spreadsheets) 
groups’ comments on content taught ‘directly’, ‘indirectly’ or 
‘not at all’. Coded data was analysed quantitatively, finding 

observable trends and relationships evident in the sample. 
Examples of groups’ explanations from the template were 
recorded to exemplify quantitative findings. We refer to 
some of these examples in the findings. For the purposes of 
reporting on the analysis, we combined the following sets of 
groups: Grade 3–6 and Grade 7–9. 

Validity and reliability
A protocol (the mapping template shown in Figure 2) was used 
for the recording of the groups’ responses in the curriculum 
mapping activity. The protocol was discussed amongst 
colleagues in the project management team. Findings were 
reported on at local and international conferences where 
these could be discussed to enhance quality. The following 
are points to be noted as a possible validity threat:

•	 Since only one group of Grade 7–9 mapped items in 
Round 2, comparisons cannot be made for these grades 
with Round 1 mapping.

•	 One of the groups (Grade 7) attained full matching with 
the expert. This may have skewed the data.

•	 Round 2 was a slightly abridged version of the curriculum 
mapping, due to time constraints, in which the teachers 
only mapped curriculum content and did not report on 
when and how they taught this content. 

Ethical considerations
Approval for this study was granted by the Department of 
Education and at an institutional level by the university ethics 
committee. Informed consent was obtained from all of the 
teachers, university staff and students who participated in the 
professional development project meetings. Confidentiality 
and anonymity of participants was maintained through the 
use of classified group names (e.g. Grade 3 Group A, which 
is denoted as G3gA).

Findings
In total, in Round 1, the Grade 3–6 group mapped 246 
and the Grade 7–9 group mapped 156 ICAS 2006 items. In 
Round 2, five of the 11 groups mapped their own tests. 
Altogether these five groups mapped 27 items. The other six 
groups mapped 55 ICAS 2007 items. In total, in Round 2, the 
Grade 3–6 group mapped 57 items and the Grade 7–9 groups 
mapped 25 items. In sum, 402 items were mapped in Round 1 
and 82 items were mapped in Round 2. The group responses 
recorded on the mapping templates formed the data set on 
which the analysis presented in this article is based.

We first present the overall results of the curriculum 
mapping, in which we look at the alignment quality of the 
groups’ mapping. We then discuss the groups’ reporting on 

FIGURE 2: Curriculum mapping activity template.

Grade We know this when the 
learner

ICAS item Concepts needed to 
complete the problem

Reasons for mapping 
the item with this 
assessment standard

When do you actually 
teach it?
Do you teach this at all?
What other areas do you 
link it with, if any?



Original Research

doi:10.4102/pythagoras.v34i1.195http://www.pythagoras.org.za

0
10
20
30
40
50
60
70
80
90

100

Round 2    Mean

Groups that mapped more items
in Round 1

Groups that mapped fewer
items in Round 2

Pe
rc

en
ta

ge
 

Grade 3

Grade 4

Grade 5

Grade 6

Page 7 of 10

content ‘taught’ (directly and indirectly) and content ‘not 
taught’, which yields insight into the relationship between 
the intended and the enacted curriculum. 

Overall alignment results
Two overall results can be noted. Firstly, the overall 
agreement between the experts’ (indicated as ‘alignment’) 
and the groups’ mapping was relatively high: 83% in 
Round 1 and 67% in Round 2. These percentages represent 
the average of the groups’ correctly aligned assessment 
standards to test items compared to the experts’ agreed 
curriculum alignment of the test items. This is an indication 
that the curriculum mapping was generally successful, 
particularly in Round 1. The mean misalignment was 26% 
higher in Round 2. It is important to remember that in 
Round 1 groups worked with group leaders whilst in 
Round 2 they worked without group leaders, which may have 
contributed to the increased misalignment in the Round 1. 
Secondly, the mapping alignment of Grade 7–9 groups was 
found to be stronger than Grade 3–6 groups. It stayed at the 
same level of accuracy (around 80%) in both rounds.

Increased confidence and improved judgement
We investigated what specifically in Round 1 may have 
contributed to differences between groups’ strength in 
mapping in Round 2. We compared the means of the groups 
who had mapped different numbers of items in the two 
rounds. We found that groups that had mapped more items 
in Round 1 achieved higher mean alignment in Round 2 than 
groups that had mapped fewer items. Put differently, groups 
that gained more experience of mapping in Round 1, as 
measured by their mapping more items, consistently showed 
higher alignment percentages in Round 2 (see Figure 3). For 
this comparison we could only use data from the Grade 3 to 6 
group and we compared each paired grade group 
individually. Since only one group for each of the grades in 
Grade 7–9 did the curriculum mapping activity in Round 2 
(see the discussion on validity), comparisons were not 
possible here.

This finding suggests that with more experience groups gain 
confidence in mapping test items against the curriculum and 
make better judgments in relation to curriculum alignment.

Mapping ICAS items and own test items
Higher misalignment was found in Round 2 of ‘own test’ 
items than of ICAS 2007 test items in the Grade 3–6 group. 
This finding is counter-intuitive: one would have thought 
that groups would be more familiar with content in a test that 
they had drawn up themselves. This might suggest that the 
groups designed tests that included mathematical content 
about which they were not entirely confident. Alternatively, 
it could be that the ‘own test’ items required a different way 
of thinking when aligning to the assessment standards of the 
curriculum, so the groups’ familiarity with the task made 
it easier in Round 2 to align ICAS test items but not ‘own 
test’ items. A third explanation may be that when groups 

designed their own tests, because they were expected to 
select a misconception and to design the test items around it, 
they may have focused their attention on the misconception 
rather than on the level of content required. It seems they had 
difficulty embedding the concepts at the appropriate level.

Taking all these findings together, we suggest that the 
curriculum mapping activity gave the practitioners (we 
are especially interested in the experience of the teachers 
in the group) an opportunity to understand the selection 
of the mathematical content for the ICAS tests, per grade, 
as well as its level of cognitive demand. Since groups were 
working with curriculum standards ranging across several 
grades, teachers were given an opportunity to analyse what 
assessment standards (and related mathematical conceptual 
knowledge) in the South African curriculum learners would 
need to have achieved in order to answer a test item correctly. 
Analysing the items conceptually, which groups needed 
to do in order to identify the mathematical concepts being 
tested by the ICAS item, alerts the groups to conceptual 
progression.

Gaps between the intended and the enacted 
curriculum
The data about the intended curriculum and the groups’ 
reflections on practice are drawn from the groups’ reporting 
in Round 1, specifically from the information the group 
included in the last column of the curriculum mapping 
template (see Figure 2). The findings for this section refer only 
to the mapping activity of the ICAS 2006 test items (see the 
discussion on validity). Teachers identified the mathematical 
content in an ICAS 2006 test item and after aligning it to 
the NCS they needed to consider it in relation to their own 
teaching. This served to make explicit to the teachers the 
difference between the intended and the enacted curriculum. 
The highest percentage (46%) of the ICAS test related content 
was reported to be taught ‘directly’. Next highest (26%) of the 
ICAS test related content was reported as ‘not taught at all’. 
The lowest percentage (24%) was reported as being taught 
indirectly.5

5.It should be noted that the Grade 3–6 group reported certain items taught both 
directly and linked (for example) so the total of the ‘when I teach it’ percentages for 
this group goes slightly over 100%. This was not the case in Grade 7–9.

FIGURE 3: Comparison between Round 1 and Round 2 in terms of mean 
alignment for grade groups that mapped more items or mapped fewer items.
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Quotes taken from grade groups’ recorded responses are 
given as examples of teachers’ reporting on:

•	 Direct teaching: ‘When we teach bonds’ (G4gA); ‘Taught 
in term 1, as mental calculations’ (G5gA); ‘Decimal 
fractions are taught in the first term of Grade 7’ (G7gA).

•	 Indirect/linked teaching: ‘Should be covered in all 
problem-solving activities across all grades’ (G6gA, 
G8gB); ‘Place value is taught in the first term. Link it 
with money, mass and capacity’ (G5gB); ‘Should be done 
specifically as the concept of symmetry but it can be done 
via the theme e.g. Special me (body parts-left and right 
sides of the body)’ (G3gB).

•	 Content not taught at all: ‘Number patterns – Grade 
1 onwards. Not focused on in Grade 8. Knowledge is 
assumed’ (G8gB); ‘The concept of odd and even numbers 
– Assume that it has been taught in earlier grades’ (G5gB); 
‘… pictorial representation of patterns is a neglected area, 
thus making it difficult for them to conceptualise what is 
required’ (G3gB); ‘Rotation is not taught in Grade 4, but is 
in the curriculum for Grade 5’ (G4gA, G4gB).

It is interesting to note (see Figure 4) that the Grade 3–6 
group identified more content in the tests which they said 
they did not teach because it was at a higher level than they 
were expected to teach (topics included irregular shapes, 
rotational symmetry, tessellations, reflections, rotations and 
probability). The opposite was true for the Grade 7–9 group.

We further investigated the reasons given by the groups for 
content ‘not taught’ (see Figure 5) in their completed mapping 
templates. Our investigation gave rise to two categories of 
mapping referred to as ‘mapping downwards’ and ‘mapping 
upwards’. Mathematical content of an item that according to 
the curriculum should be covered in a lower grade than in 
the test was classified as ‘mapped downwards’ – reported as: 
‘This [different perspectives of geometric solids] is not specifically 
covered in Grade 8, it is formally required to be taught first 
in Grade 6’ (G8gB). Or, pointing to the problem-based nature 
of an item, groups reported: ‘Although the number range 
falls within the scope of the Phase, we do not teach this, 
because the way in which the problem is presented is beyond 
the scope of the Phase’ (G3gA). Mathematical content of an 
item that according to the curriculum should be covered in 
a higher grade than in the test was classified as ‘mapped 
upwards – reported as: ‘We would use this task [modelling 
involving area] as an extension for the stronger learners’ 
(G8gA). Most commonly, explanations for ‘not teaching’ fell 
into one of these categories. 

It is also interesting to note that more content in the 
primary school (Grade 3–6) than in the secondary school 
(Grade 7–9) was classified as ‘not taught’ for reasons of being 
at a higher than expected level for the grade (according to the 
intended curriculum identified in the NCS).

Table 2 shows that most items reported as ‘not taught’ were 
at the grade level of the test, according to the intended 
curriculum. Few of the items reported as ‘not taught’ were 
mapped up or down, relative to the grade level according to 
the intended curriculum. 

In the Grade 3–6 group, 44% of the content reported as ‘not 
taught’ was at the expected grade level. In the Grade 7–9 
group, 76% of the content reported as ‘not taught’ was 
at the expected grade level. In both grade groups, the 
content reported ‘not taught’ at own grade level included 
mathematical content across all five of the NCS content areas. 
The Grade 3–6 group mapped up some data, measurement 
and geometry items and they mapped down some number 
and data items. The Grade 7–9 group did not map down 
any items but they mapped up some number, geometry and 
measurement items.

Some of the specific neglected areas reported by the teachers 
include (quotes are taken from grade groups’ recorded 
responses): 

TABLE 2: Summary of mathematical content reported ‘not taught’.
Grade level Number of content items ‘not taught’ 

mapped to own grade level
Number of content items ‘not 

taught’ mapped up
Number of content items ‘not 

taught’ mapped down
Total number of content items 

indicated ‘not taught’
Grade 3–6 20 7 18 45
Grade 7–9 13 0 4 17
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FIGURE 5: Grouped grades’ reasons given for content not taught.
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•	 ICAS items that included irregular shapes, rotational 
symmetry, tessellations, reflections, rotations and 
probability were reported as beyond the scope of Grade 
3 (G3gA, G3gB). 

•	 The pictorial representation of a pattern was reported 
as not taught at the Grade 3 level. Patterns are usually 
taught as a horizontal sequence of numbers: ‘… pictorial 
representation of patterns is a neglected area, thus 
making it difficult for them to conceptualise what is 
required’ (G3gB).

•	 Reasoning logic was reported as not taught in Grade 8: 
‘Never! Not mathematics’ (G8gA).

•	 Finding fractional parts of whole numbers was reported 
as not taught using learning aids in Grade 5: ‘We never 
use manipulatives to determine fractional parts of whole 
numbers’ (G5gA).

Our data analysis shows a direct relationship between the 
teachers’ perception of the enacted curriculum – content 
taught ‘directly’ – and the degree of success in aligning the 
international test item to the curriculum. Figure 6 shows 
higher percentages of misalignment of item content reported 
as ‘not taught’ (compared to content reported as ‘ taught’) for 
both groups, but particularly in the lower grades. Content 
reported as ‘taught directly’ is, for the best part, aligned 
better. This difference in alignment could be an indication 
of teacher content knowledge. It could be that in the higher 
grades teachers are teaching more work with which they 
are not sufficiently familiar, yet they do teach it because it 
is required of them. It is also possible that the teachers in the 
lower grades may have reported more openly on content 
‘not taught’. The teachers in the higher grades may leave 
out content with which they are not familiar but they do not 
report on it. Alternatively, the items may include content that 
the teachers expect should be taught earlier and thus do not 
report on it. 

In conclusion, by allowing them to analyse if and when 
the content specifications of the intended curriculum are 
covered in practice, the mapping activity gave the teachers 
an opportunity to reflect on their practices. We argue that the 
mapping activity enabled them to develop their pedagogical 
content knowledge (Shulman, 1986). By examining curriculum 
coverage, cognitive demands and alignment, the teachers 
were involved in ascertaining the match between an 

international test, the South African curriculum and their 
professional knowledge and experience. This should have, 
at least to some extent, developed their understanding of the 
sequence and progression of the mathematics they teach and 
hence their grasp of Ball’s sixth mathematical knowledge 
domain (Ball et al., 2008).

Conclusion
The findings of this research suggest that through the 
curriculum mapping activity, teachers became more aware 
of what is intended by the curriculum, in particular of the 
discrepancy between what they understand is intended 
by the curriculum and report is enacted in their classes. In 
relation to the intended curriculum, the teachers were able 
to report on when they teach and do not teach content and 
on ‘neglected content area in schools’, which shows that such 
activities can build teachers’ awareness of the presence or 
absence of curriculum content in their classes. The findings 
also suggest that teachers’ curriculum mapping ability is 
stronger when they are more familiar with and hence have 
greater confidence in doing the activity. When content was 
reported as ‘not taught’, a higher level of misalignment was 
generally seen, which indicates familiarity with mathematical 
content does affect the quality of curriculum mapping. The 
differences between alignment in Round 1 and Round 2 
indicate that teachers’ capacity to align content was better 
when they worked with well-selected and trained group 
leaders.

This research supports the claim that teachers can benefit a 
great deal from being involved in interpreting large-scale 
assessment tests. Curriculum mapping, using the format of 
a structured interface, creates a ‘defensible focus’ (Katz et al., 
2009) for this kind of professional development. The analysis 
above shows that the structured process of interface enabled 
teachers to actively engage in curriculum translation of the 
disciplinary material embedded in curriculum statements. 
Working in groups, the teachers learned about the form of the 
curriculum by using an artefact (the test items) to engage the 
curriculum content and standards. Involving teachers in the 
interpretation of both public assessment data and data from 
their own classroom activities can build their understanding 
of the knowledge base of test items and of the curriculum. 
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