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Introduction 
Assessment is an integral part of the teaching and learning process. In Singapore where 
a strong examination-oriented educational culture pervades, there is a great pressure for 
teachers and students to excel at all assessments, especially the national examinations. 
In recent years, there are attempts by the Ministry of Education (MOE) to deemphasize 
this strong examination culture by introducing several initiatives to reform the nation’s 
education system, advocating teaching for higher-order thinking skills rather than rote 
memorization of factual and procedural knowledge. These changes in pedagogical 
approaches are reflected in our assessment methods where traditional paper-and-pencil 
assessment is now complemented by alternative and authentic assessments (Koh & 
Velayutham, 2009). However, even though there is a growing number of research 
studies on the nature, mode, quality, and impact of assessments, traditional teacher-
developed written assessments continue to command most of the emphasis and time 
spent testing in schools (Yeo, 2006). Yet, there is a dearth of study on the quality of the 
mathematics written assessments in Singapore secondary schools. Therefore, this study 
attempts to study a collection of grade 10 examination papers and aims to examine the 
cognitive and content demands the written assessments made on students.   
 
Literature review 
The assessment philosophy of Singapore education is that (1) assessment is integral to 
the learning process; (2) assessment begins with clarity of purpose; and (3) assessment 
should gather information to inform practice (Tan, 2013). The main principle of 
assessment is that it should support and enhance the learning of mathematics by 
furnishing useful information to teachers on how well students have learnt a particular 
topic, where they are having difficulty, and what additional pedagogical strategies might 
need to be introduced; and to students, on their progress toward the achievement of 
learning goals. 
 
 In tandem with the mathematics learning goals for students in Singapore the 
assessment objectives for GCE O-level mathematics are to test students’ abilities to: 

1. understand and use mathematical concepts and skills in a variety of contexts; 
2.  organise and analyse data and information; formulate problems into 

mathematical terms and select and apply appropriate techniques of solution, 
including manipulation of algebraic expressions; and  

3. solve higher order thinking problems; interpret mathematical results and make 
inferences; write mathematical explanation and arguments. (SEAB, 2014, p. 1) 

 
Taxonomies for classifying assessment tasks 
In 1956, Bloom and a team of examiners introduced the Bloom’s taxonomy that defines 
and categorizes processes that students might use to demonstrate their content 
knowledge into a hierarchical system: knowledge, comprehension, application, analysis, 
synthesis and evaluation (Bloom et al., 1956).  However, results of some studies carried 
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out to explore the use of the Bloom’s taxonomy as a framework to assess mathematics 
knowledge show that “Bloom’s taxonomy does not provide an accurate model to guide 
item writers for anticipating the cognitive processes used by students to solve items on 
an achievement test in mathematics” (Gierl, 1997, p.?), and that “mathematics teachers 
have difficulty interpreting the thinking skills in Bloom’s taxonomy and creating test 
items for higher-order thinking” (Thompson, 2008, p.?).  
 

Smith et al. (1996) proposed a modification of Bloom’s taxonomy, the MATH 
taxonomy (Mathematical Assessment Task Hierarchy) for the structuring of assessment 
tasks. They identified eight categories of mathematical knowledge and skills and 
arranged them into three groups A, B and C. These eight categories are ordered by the 
nature, not the difficulty level, of the activity required to complete task successfully 
(shown in Figure 1). The descriptors used by Smith et al. (1996) are described in detail 
elsewhere (Wong, 2014). 

 

 
Figure 1. The MATH Taxonomy (Smith et al., 1996) 

 
Thompson and Kaur (2011) and Bleiler and Thompson (2013) proposed a multi-

dimensional approach, adapted from a model originally used for curriculum 
development (Usiskin, 1985), to assesses students’ mathematical understanding across 
four dimensions: 

1. Skills (S) represent those procedures that students should master with fluency; 
they range from applications of standard algorithms to the selection and 
comparison of algorithms to the discovery or invention of algorithms, including 
procedures with technology.  

2. Properties (P) are the principles underlying the mathematics, ranging from the 
naming of properties used to justify conclusions to derivations and proofs.  

3. Uses (U) are the applications of the concepts to the real world or to other 
concepts in mathematics and range from routine “word problems” to the 
development and use of mathematical models. 

4. Representations (R) are graphs, pictures, and other visual depictions of the 
concepts, including standard representations of concepts and relations to the 
discovery of new ways to represent concepts. (Thompson & Senk, 2008, p. 3) 

This multi-dimensional approach, SPUR, provides teachers with useful information 
about the depth of their students’ mathematical understanding, and assessments 
encompassing all four dimensions will give teachers insights into strengths and 
weaknesses in their students’ knowledge of the mathematical concept. 
 

The frameworks discussed in the literature – the MATH taxonomy and the SUPR 
approach, provide an overview on how different types and levels of knowledge could be 
assessed, and a basis for examining items in a written assessment. Furthermore, the 
descriptors of these two frameworks are also aligned to the learning goals and 
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assessment objectives for students stipulated in the Singapore mathematics curriculum. 
Drawing upon the frameworks described above, a set of assessment standards is derived 
to study patterns of the written assessment items in the Singapore schools’ grade 10 
examinations. 
 
The study 
Sample 
Two types of papers are used in this study: (a) the year 10 national examination paper 
(General Certificate of Education (GCE) O-level mathematics (syllabus 4016) paper) 
and (b) mathematics papers used in three secondary schools’ for their end of grade 10 
examination. All the three schools are co-educational government secondary schools in 
Singapore with comparable student profile. The mathematics syllabus 4016 comprises 
three content strands, namely, ‘Numbers and Algebra’, ‘Geometry and Measurement’, 
and ‘Statistics and Probability’ (SEAB, 2014).  
 
Instrument 
The instrument used to examine the cognitive demands of the test items in this study is 
an adaptation from the MATH taxonomy and the SPUR multidimensional approach.  
The instrument includes six (out of eight) categories of mathematical knowledge and 
skills, arranged into three groups A, B and C according to the MATH taxonomy, 
assessing students’ mathematical understanding across the four dimensions in the SPUR 
approach. The six categories of cognitive demands in the derived set of assessment 
standards are also aligned with the three assessment objectives for the year 10 national 
examination paper (SEAB, 2014). 
 
Results and discussion 
Table 1a shows the distribution of the six categories of cognitive demands the 
mathematics written assessments in the GCE O-level and the schools’ examinations 
made on students. 
 

Similar to what Smith et al. (1996) found in their study, all the assessment papers 
analysed in this study are heavily biased towards assessing knowledge and skills in 
Group A category, with almost 50% or more of the items focusing on (A3) Routine 
Procedures and 20-30% on (A2) Comprehension. In fact, only around 10% to15% of the 
items focus on Group B and less than 10% on Group C. 
 
Table 1a. Distribution of categories of cognitive demands in each examination 

Category Number of questions or part questions (% to one decimal place)* 
 GCEO School X School Y School Z 

A1 1 (0.9) 1 (0.9) 0 (0.0) 0 (0.0) 
A2 23 (21.5) 31 (26.7) 38 (32.5) 30 (24.8) 
A3 58 (54.2) 65 (56.0) 54 (46.2) 64 (52.9) 
B1 15 (14.0) 12 (10.3) 14 (12.0) 15 (12.4) 
C1 7 (6.5) 7 (6.0) 6 (5.1) 11 (9.1) 
C2 3 (2.8) 0 (0.0) 5 (4.3) 1 (0.8) 

* % is computed as (number of questions or part questions in the category/total number of questions  
or part questions in the assessment)*100. 
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Table 1b shows the distribution of the six categories of cognitive demands across the 
three strands in each of the four assessments. From this table, we can see that the 
proportion of items in each strand assessing knowledge and skills in Group A category 
for all the assessments is still the greatest. 
 
Table 1b. Distribution of categories of cognitive demands across the three strands 

Category Number of questions or part questions (% to one decimal place)* 
(by Strand) GCEO School X School Y School Z 

N&A 61 (100.0) 64 (100.0) 59 (100.0) 64 (100.0) 
A1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
A2 5 (8.2) 7 (10.9) 13 (22.0) 6 (9.4) 
A3 38 (62.3) 43 (67.2) 33 (55.9) 42 (65.6) 
B1 12 (19.7) 11 (17.2) 9 (15.3) 12 (18.8) 
C1 5 (8.2) 3 (4.7) 2 (3.4) 4 (6.3) 
C2 1 (1.6) 0 (0.0) 2 (3.4) 0 (0.0) 

G&M 35 (100.0) 43 (100.0) 44 (100.0) 47 (100.0) 
A1 1 (2.9) 1 (2.3) 0 (0.0) 0 (0.0) 
A2 16 (45.7) 24 (55.8) 19 (43.2) 20 (42.6) 
A3 13 (37.1) 14 (32.6) 17 (38.6) 17 (36.2) 
B1 3 (8.6) 0 (0.0) 3 (6.8) 3 (6.4) 
C1 2 (5.7) 4 (9.3) 4 (9.1) 7 (14.9) 
C2 0 (0.0) 0 (0.0) 1 (2.3) 0 (0.0) 

S&P 11 (100.0) 9 (100.0) 14 (100.0) 10 (100.0) 
A1 0 (0.0) 1 (2.3) 0 (0.0) 0 (0.0) 
A2 2 (18.2) 24 (55.8) 6 (42.9) 4 (40.0) 
A3 7 (63.6) 14 (32.6) 4 (28.6) 5 (50.0) 
B1 0 (0.0) 0 (0.0) 2 (14.3) 0 (0.0) 
C1 0 (0.0) 4 (9.3) 0 (0.0) 0 (0.0) 
C2 2 (18.2) 0 (0.0) 2 (14.3) 1 (10.0) 

* % is computed as (number of questions or part questions in the category/total number of questions or part 
questions in the strand)*100. 
. 

Table 2a shows the distribution of the items in the four mathematics assessments 
across the four dimensions. 
 
Table 2a. Distribution of categories of cognitive domains across four dimensions 

Dimension Number of questions or part questions (% to one decimal place)* 
 GCEO School X School Y School Z 

S 44 (41.1) 52 (44.8) 54 (46.2) 48 (39.7) 
P 31 (29.0) 28 (24.1) 20 (17.1) 28 (23.1) 
U 19 (17.8) 22 (19.0) 14 (12.0) 21 (17.4) 
R 13 (12.1) 14 (12.1) 29 (24.8) 24 (19.8) 

* % is computed as (number of questions or part questions in the dimension/total number of questions or part 
questions in the assessment)*100. 
 

As shown in Table 2a, in the GCE O-level assessment paper, the dimension S is 
assessed most frequently, with 40-45% of the questions or part questions.  The 
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dimension P is the next most frequently assessed. Table 2b further shows the 
distribution of the items assessing the four dimensions of understanding across the three 
strands. 
 
Table 2b. Distribution of dimensions of understanding across three strands 

Dimension Number of questions or part questions (% to one decimal place)* 
(by Strand) GCEO School X School Y School Z 

N&A 61 (100.0) 64 (100.0) 59 (100.0) 64 (100.0) 
S 26 (42.6) 28 (43.8) 27 (45.8) 23 (35.9) 
P 12 (19.7) 5 (7.8) 7 (11.9) 8 (12.5) 
U 16 (26.2) 22 (34.4) 11 (18.6) 19 (29.7) 
R 7 (11.5) 9 (14.1) 14 (23.7) 14 (21.9) 

G&M 35 (100.0) 43 (100.0) 44 (100.0) 47 (100.0) 
S 18 (51.4) 24 (55.8) 25 (56.8) 25 (53.2) 
P 15 (42.9) 18 (41.9) 11 (25.0) 18 (38.3) 
U 2 (5.7) 0 (0.0) 3 (6.8) 1 (2.1) 
R 0 (0.0) 1 (2.3) 5 (11.4) 3 (6.4) 

S&P 11 (100.0) 9 (100.0) 14 (100.0) 10 (100.0) 
S 0 (0.0) 0 (0.0) 2 (14.3) 0 (0.0) 
P 4 (36.4) 5 (55.6) 2 (14.3) 2 (20.0) 
U 1 (9.1) 0 (0.0) 0 (0.0) 1 (10.0) 
R 6 (54.5) 4 (44.4) 10 (71.4) 7 (70.0) 

* % is computed as (number of questions or part questions in the dimension/total number of questions or part 
questions in the strand)*100. 
 

From Table 2b, it is evident that in the strand: 
1. N&A, while all four dimensions of understanding are assessed in all four assessments 
the greatest emphasis is placed on S. 
2. G&M, all four assessments are not balanced across these four dimensions – the 
greatest emphasis is placed on S, followed by P, and U and R are in fact not assessed in 
two out of four assessments. 
3. S&P, again, all four assessments are not balanced across these four dimensions – the 
greatest emphasis in this case is R, followed by P, and S is not assessed in three out of 
four assessments while U is not assessed in two out of four. 
 
Implications for findings 
Cognitive demands of written assessment 
The quality and characteristics of our mathematics written assessment send a signal to 
our students whether to take either a surface approach or a deep approach to learning 
(Ramsden, 1992). Written assessment that tests a narrow range of skills will only 
encourage students to take a surface approach to learning. D’Souza and Wood (2003) 
noted that “it is possible to improve students’ learning by paying more attention to 
assessment methods that test a broader range of skills” (p. ?). It is thus imperative that 
we critically examine the types and extent of cognitive demands our written assessment 
made on students. 
 

Schools should aim to assess the knowledge and skills of all six categories in their 
written assessments, and if possible, in all the three strands of the syllabus. Findings 
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suggest that it is easier (or harder), or more (or less) suitable, to write items in a 
particular strand to assess the knowledge and skills of a particular category or group. 
Teachers must be mindful of the types of cognitive demands made on students as they 
write the assessment items in the different strands, so as to create a balanced 
assessment.  
 

Finally, it is important to note that there is no hierarchy of difficulty implied as we 
move down the categories of cognitive demands in the derived set of assessment 
standards. It is the type of the cognitive demands we are interested in, and not the 
degree of difficulty. Therefore, not only must the teacher appropriately select or write 
assessment items, the teacher must also accurately assess students’ higher order 
knowledge and skills without increasing unnecessary complexity of the question. 
 
Dimensions of understanding in written assessment 
Though the findings of this study revealed that all four dimensions of understanding are 
represented in the mathematics written assessments, the items are biased towards 
assessing the (S) Skills dimension. Furthermore, from the distribution of items assessing 
the different dimensions of understanding across three strands (see Table 2b), other than 
the content area of the strand Numbers and Algebra that was assessed from all four 
dimensions, it was not the case for the other two strands. This implies that the written 
assessment did not provide teachers with the opportunity to determine how their 
students might address some aspects of the other content areas. 
 

This suggests that much can be done to create a more balanced assessment that not 
only includes items that assess the various categories of cognitive demands, but also 
assess all four dimensions of understanding in the three strands. As what Thompson and 
Kaur (2011) mentioned in their work, “Overall test results provide only a quick view of 
student understanding, and a view that can be misleading” (p.?). If the aims of our 
mathematics curriculum are to develop students with a robust and flexible 
understanding of mathematics, and knowledge of effective use of a variety of 
mathematical tools in the learning and application of mathematics, then it is essential 
that we assess more than just their knowledge of skills. Although it is relatively easy to 
write items on assessing the (S) Skills dimension, teachers should consciously write 
items or modify existing items on (S) Skills, to assess the other three dimensions of 
understanding, so as to gain additional perspectives on their students’ understanding of 
the mathematical concepts (Thompson & Kaur, 2011). 
 
Conclusion 
Assessment is an important component of any instructional programme as it serves to 
ascertain learners’ attainment of learning objectives, and to compare learners by their 
performance for placement purposes. Every care must therefore be taken to ensure that 
the instruments used in assessing learners, especially the written assessment that 
constitutes a large part of the overall assessment, as in Singapore, are developed based 
on acceptable principles and standards.  
 

The findings of this study show that there is a need to review and reflect on the 
assessment development procedures in our schools to ensure that the gaps revealed by 
this study are attended to in order to avoid occurrence in the future. The instrument 
developed in this study can be useful to teachers as a set of assessment standards to 
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guide them in their construct of written assessment, as there is a discernible need for our 
written assessment to be of the highest standards and robust enough to stand up to 
public scrutiny. 
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