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1 BACKGROUND 

The 2014 Standard 2 National Assessment Survey (NAS) was intended to provide 
a national measure of pupil reading (local languages and English) and 
mathematics skills. The final report for the entire survey will consist of three main 
sections reporting pupil reading performance: 

• Early Grade Reading Assessment (EGRA) by local language 

• Early Grade Reading Assessment in English  

• Early Grade Mathematics Assessment (EGMA) 

This preliminary report focuses on presenting only the results for the EGMA.  
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2 DESIGN OF THE ASSESSMENT 

Assessments of pupil learning in the primary grades, such as the EGRA and 
EGMA, offer an opportunity to determine whether children are developing 
foundational skills upon which other literacy and mathematical skills build, and, if 
they are not, where instructional efforts might be best directed. This is vital 
information for countries that are working to improve the quality of education in 
their schools. Indeed, the fact that EGRA and EGMA have been adapted and 
used around the world is evidence of growing international concern for children’s 
learning outcomes, as opposed to attendance or completion rates.  

Although this preliminary report covers just the EGMA results, it is important to 
note that the sample of pupils selected for this NAS was designed such that pupil 
performance in reading could be reported in seven local languages. The sample 
design used was probability proportional to size with oversampling for 
subpopulations that are a very small proportion of the population—for example, 
schools where Lunda is the language of instruction. This design assured good 
pupil score estimates with an acceptable level of precision. A total of 486 schools 
were randomly selected for the study; Table 1 below shows the number of pupils 
sampled. Because the study designers wanted to report the EGMA and EGRA 
English results overall by province, and the EGRA results by local language as 
well, it was important to consider both for the sample. Particular attention was paid 
to North Western province, where the Lunda, Luvale, and Kiikaonde languages 
are commonly spoken.  

2.1 OVERVIEW OF EGMA  

2.1.1 WHY TEST EARLY GRADE MATHEMATICS? 

A strong foundation in mathematics during the early grades is crucial for success 
in mathematics in the later years. Mathematics is a skill very much in demand in 
today’s economy, as has been demonstrated by various economists. Most com-
petitive jobs require some level of skill in mathematics. It has also been noted that 
the problem-solving skills and mental agility and flexibility that children develop 
through mathematics transfer to other areas of life and work. Furthermore, coun-
tries’ rankings on mathematics skills are becoming a matter of political currency 
because of international assessments such as Trends in International Mathemat-
ics and Science Study (TIMSS) and regional studies such as those conducted by 
the Southern and Eastern Africa Consortium for Monitoring Educational Quality 
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(SACMEQ). Most countries’ mathematics curricula for the early grades now coin-
cide in terms of the skills that children should possess. For example, skills found in 
many curricula in both developed and developing countries include knowing and 
using number names, learning and understanding the values of numbers, knowing 
key symbols, and comparing and ordering sets of objects. 

2.1.2 PURPOSE OF EGMA 

EGMA was designed to provide information about basic competencies—those 
competencies that should typically be mastered in the very early grades and 
without which pupils will struggle or potentially drop out. Subtasks selected for 
EGMA were drawn from extensive research on early mathematics learning and 
assessment and were constructed by a panel of experts on mathematics 
education and cognition. The conceptual framework for mathematical 
development is grounded in extensive research that has been conducted over the 
past 60 years (e.g., Baroody, Lai, & Mix, 2006; Chard et al., 2005; Clements & 
Samara, 2007). To develop the EGMA protocol, developers systematically 
sampled early numeracy skills, particularly those underlying number sense. These 
abilities and skills are key in the progression toward the ability to solve more 
advanced problems and the acquisition of more advanced mathematics skills 
(Baroody et al., 2006; Clements & Samara, 2007; Foegen, Jiban, & Deno, 2007).  

2.1.3 WHAT EGMA MEASURES 

To support the goal of providing stakeholders—from Ministries of Education to aid 
agencies to local education officials—with the information essential to making 
informed changes in teacher education and support, curriculum development, and 
implementation, many criteria were defined for subtasks to be included in EGMA. 
These criteria include the expectation that the tasks 

• Represent skills that the developing country and developed country curricula 
have determined should be acquired in early grades 

• Reflect those skills that are most predictive of future performance, according to 
available research and scientific advice 

• Represent a progression of skills that lead toward proficiency in mathematics 

• Target conceptual and computational skills 

• Represent skills and tasks that can be improved through instruction. 

EGMA is an individually administered oral test that allows for the targeted skills to 
be assessed without confounding by problems with language or writing that might 
otherwise impede pupils’ performance. By administering the test orally, EGMA 
administrators can better ensure that pupils understand instructions provided in a 
language they know. 
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2.1.4 THE EGMA INSTRUMENT FOR ZAMBIA 

Table 1 summarizes the subtasks of the EGMA designed for Zambia. 

Table 1. EGMA Instrument Subtasks in Zambia 
 

SUBTASK SKILL 
DESCRIPTION 

THE CHILD WAS ASKED TO … 
Subtasks that assess more procedural (recall) type knowledge 
Number Identification The ability to identify written number 

symbols. If pupils cannot identify num-
bers, they cannot do mathematics. 

…say the names of numbers presented on a page 
with 20 numbers. The numbers ranged from one- to 
two- and three-digit numbers. (Timed subtask) 

Addition and Subtraction 
Level 1 (basic facts) 

This subtask requires knowledge of and 
confidence with basic addition and sub-
traction facts. It is expected that pupils 
should develop some level of automa-
ticity and fluency with these facts 
because they need them throughout 
mathematics. 

… mentally solve addition and subtraction problems, 
with sums and differences below 20. The problems 
ranged from those with only single digits to prob-
lems that involved the bridging of the 10. There 
were 20 items per addition and subtraction subtask. 
(Timed subtask) 

Subtasks that assess more conceptual (application) type knowledge 
Quantity Discrimination 
(number comparison) 

This subtask requires the ability to 
make judgments about differences by 
comparing quantities represented by 
numbers.  

… identify the larger of a pair of numbers. The num-
ber pairs used ranged from a pair of single-digit 
numbers to five pairs of double-digit numbers and 
four pairs of three-digit numbers. There were 10 
items. (Untimed subtask) 

Missing Number (number 
patterns) 

This subtask requires the ability to 
discern and complete number patterns.  

… determine the missing number in a pattern of four 
numbers, one of which is missing. Patterns used in-
cluded counting forward and backward by ones, 
fives, tens, and twos. There were 10 items. (Un-
timed subtask) 

Addition and Subtraction 
Level 2* 

This subtask requires the ability to use 
and apply the procedural addition and 
subtraction knowledge assessed in the 
Level 1 subtask to solve more compli-
cated addition and subtraction 
problems.  

… solve addition and subtraction problems that in-
volve the knowledge and application of the basic 
addition and subtraction facts assessed in the 
Level 1 subtask. Pupils were allowed to use any 
strategy that they wanted, including the use of paper 
and pencil supplied by the administrator. The prob-
lems extended to the addition and subtraction of 
two-digit numbers involving bridging. There were 
five items per addition and subtraction subtask. (Un-
timed subtask). 

Word Problems This subtask requires the ability to inter-
pret a situation (presented orally to the 
pupil), make a plan, and solve the prob-
lem.  

… solve problems presented orally using any strat-
egy that they wanted, including the use of paper and 
pencil and/or counters supplied by the assessor. Be-
cause the focus of this subtask was on assessing 
the pupils’ ability to interpret a situation, make a 
plan, and solve a problem, the numerical values in-
volved in the problem were deliberately small to 
allow for the targeted skills to be assessed without 
confounding problems with calculation skills that 
might otherwise impede performance. The problem 
situations used were designed to evoke different 
mathematical situations and operations. There were 
six items. (Untimed subtask). 
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* The Addition and Subtraction Level 2 subtasks were more conceptual than the Addition and Subtraction Level 1 subtasks because 
the pupils had to understand what they were doing, applying the Level 1 skills. Although the Level 2 subtasks were not purely 
conceptual—because, with time, pupils will develop some automaticity with the items in these subtasks—they were more conceptual 
than the Level 1 subtasks, especially so for Standard 2 pupils. 

2.2 INSTRUMENT ADAPTATION PROCESS FOR ZAMBIA 

The EGRA and EGMA instruments developed by RTI International have been 
used in dozens of countries by numerous organizations. However, this does not 
mean the instruments are merely translated for the country in which they are to be 
used. Rather, the base instruments are adapted to the local context and vetted by 
a body of national experts from the education community in the host country. The 
grade-appropriate curriculum and textbooks (in this case Zambia Standard 2 
reading, writing, and mathematics) are analyzed and used to inform changes and 
adaptations made to the base EGRA and EGMA instruments. These instruments 
are truly localized to fit the country in which they are to be used.  

A five-day Instrument Adaptation Workshop was held in Lusaka in July 2014 with 
respected members from the education community across Zambia. Workshop 
participants included representatives from various branches of the MESVTEE, 
teacher training institutions, and curriculum development units, among other 
stakeholder entities. Three experts from RTI led the reading and mathematics 
portions of the workshop. Two reading and writing experts led the adaptation 
discussions for the EGRA instruments, and the mathematics expert led the 
adaptation process for the EGMA instruments. Together, the workshop 
participants modified the base EGRA and EGMA tools to be used during the 
Standard 2 NAS.  

The instruments were piloted during a study conducted in the first week of October 
2014. The pilot study provided an opportunity for the research team to evaluate 
the instruments to ensure that these were functioning appropriately and that the 
desired data were being gathered. The pilot sample consisted of 1,494 pupils at 
approximately 285 schools.  

The researchers analyzed the pilot data in part by using a psychometric Rasch 
analysis to obtain insights into which subtasks were performing reliably and 
consistently to capture the desired data. The instruments were rendered into the 
RTI-developed Tangerine® software. The assessors then used tablets loaded with 
the Tangerine versions of the instruments to collect the national data.  
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3 RESULTS/FINDINGS 

3.1 INSTRUMENT RELIABILITY AND VALIDITY 

The research team carried out psychometric analyses that were used to determine 
validity and reliability characteristics of the Zambia EGRA and EGMA 
instrumentation. This evaluation was conducted before the full data collection (i.e., 
during the pilot assessment) and detailed information was generated as a result of 
the psychometric analyses. This information was then used to modify the pilot 
instrumentation to produce the best assessment tools possible. During the 
psychometric evaluation, the data for EGRA and EGMA were analyzed 
separately. Cronbach’s alpha values for both indicated that the main instruments 
showed acceptable internal consistency on average (α = 0.74 for EGMA). 
Statistics such as these can show how well a set of variables measures an 
underlying construct, and in the present study, they suggest that the different 
subtasks of the Zambia EGRA and EGMA all contributed to measuring early grade 
pupils’ reading and mathematics knowledge. In addition, construct validity was 
assessed by examining the item hierarchy, or the ordering of items within a 
subtask from easy to difficult that results from an item-level analysis during the 
Rasch measurement.  

3.2 EGMA RESULTS 

Table 2 and Figure 1 summarize the EGMA results by subtask. Table 2 is 
reproduced in Annex A with the addition of the standard error values and 95% 
confidence intervals.  

Table 2. Performance on EGMA Subtasks 
 

SUBTASK 

NUMBER 
CORRECT 

PER 
MINUTE 

%  
CORRECT 
ATTEMP-

TED 
% 

CORRECT  
% ZERO 

SCORES 
     

Number Identification‡  13.31 61.9% — 1.6% 

Addition Level 1 ‡ 7.73 65.8% — 11.4% 

Subtraction Level 1 ‡ 5.85 55.6% — 19.4% 

Quantity Discrimination  — — 55.5% 4.2% 

Missing Number  — — 22.4% 15.2% 
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Table 2. Performance on EGMA Subtasks 
 

SUBTASK 

NUMBER 
CORRECT 

PER 
MINUTE 

%  
CORRECT 
ATTEMP-

TED 
% 

CORRECT  
% ZERO 

SCORES 

Addition Level 2 — — 24.7% 49.5% 

Subtraction Level 2 — — 18.2% 60.7% 

Word Problems — — 47.8% 16.2% 

‡ These tasks were timed, and the means reported for these subtasks are the mean 
number of correct responses in terms of the number of items attempted. For all other 
subtasks, the means reported represent the number of correct responses in relation 
to the number of items.  

 

 

The EGMA showed that by the end of Standard 2, pupils were performing 
reasonably well on the more procedural items (i.e., Number Identification and 
Addition and Subtraction Level 1 subtasks), with pupils scoring, on average, 
55 percent or better on these subtasks. That said, the pupils performed better on 
Addition Level 1 than on Subtraction Level 1, and nearly 20 percent of the pupils 
were unable to correctly answer a single Subtraction Level 1 item, the easiest of 

Figure 1. Performance on the EGMA Subtasks 

 

 ‡ These tasks were timed, and the means reported for these subtasks are the mean number of correct responses in terms of the number 
of items attempted. For all other subtasks, the means reported represent the number of correct responses in relation to the number of 
items. 

Number 
identification‡ 

Addition    
(level 1) ‡

Subtraction 
(level 1) ‡

Quantity
discrimination

Missing
number

Addition
(level 2)

Subtraction
(level 2)

Word
problems

Procedural knowledge (recall)
(% correct/attempted)

Conceptual knowledge (application)
(%correct)

All 61.9% 65.8% 55.6% 55.5% 22.4% 24.7% 18.2% 47.8%

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

 
Grade 2 NAS: Preliminary Mathematics Findings | 7 



these items being 4–3= iii.. When it came to the more conceptual items, the pupils 
still performed reasonably well on the Quantity Discrimination subtask. However, 
regarding the Missing Number, Addition Level 2, and Subtraction Level 2 
subtasks, there was a sharp drop in performance. Nearly 61 percent of the pupils 
were unable to correctly answer a single Subtraction Level 2 item (refer to Table 2 
for zero scores by subtask), the easiest of these being 18–4= iii.. This stark 
difference in performance between the procedural and conceptual subtasks 
suggests a lot about how pupils in Zambia are likely to experience school 
mathematics. It is likely that the pupils perceive it as a subject in which they have 
to know the answer rather than having a strategy for solving it. In other words, the 
pupils may view mathematics as the memorization of facts, rules, and procedures.  

Although it is tempting in the early grades to teach mathematics as facts and rules 
to be memorized, the Zambian EGMA results show very clearly the limitations of 
this approach. In the early grades (Standard 1), it will appear to teachers, parents, 
and others that pupils “know their mathematics.” In terms of the curricular 
expectations for Standard 1, and even much of Standard 2, which are in very low 
number ranges, pupils will appear to “perform well” because they will appear “to 
know the answers.” As the number ranges in which pupils are expected to perform 
mathematics increase over the years, it is no longer possible to memorize all of 
the answers. Pupils need to be able to apply the so-called “basic facts” (assessed 
in the Addition and Subtraction Level 1 subtasks) with fluency, flexibility, and 
understanding to perform more complex tasks (assessed here in the Addition and 
Subtraction Level 2 subtasks). The sharp decline in performance and the dramatic 
increase in zero scores from the Level 1 to the Level 2 subtasks suggest that 
pupils did not know the Level 1 facts with understanding and hence were unable 
to apply them to solve the Level 2 subtasks. 
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3.2.1 SUMMARY OF SCORES BY CATEGORY 

Gender 

Figure 2 summarizes the performance on the EGMA subtasks in terms of boys 
and girls. Boys outperformed girls on all subtasks. The difference in performance 
was statistically significant on all but the Addition and Subtraction Level 2 and 
Word Problem subtasks. It is clear that boys and girls experience mathematics 
differently. 

 

 

 

  

Figure 2. Performance by Gender on the EGMA Subtasks 

 

*  p < 0.05, ** p < 0.01, *** p < 0.001. 
‡ These tasks were timed, and the means reported for these subtasks are the mean number of correct responses in terms of the 

number of items attempted. For all other subtasks, the means reported represent the number of correct responses in relation to the 
number of items. 

** * * *** *** ***
Number 

identification‡ 
Addition    

(level 1) ‡
Subtraction 
(level 1) ‡

Quantity
discrimination

Missing
number

Addition
(level 2)

Subtraction
(level 2)

Word
problems

Procedural knowledge (recall)
(% correct/attempted)

Conceptual knowledge (application)
(%correct)

Boys 63.2% 67.5% 57.1% 57.3% 23.4% 25.3% 18.8% 49.6%
Girls 60.7% 64.2% 54.1% 53.6% 21.5% 24.0% 17.6% 46.0%

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

 
Grade 2 NAS: Preliminary Mathematics Findings | 9 



Urban and Rural Performance 

Figure 3 summarizes the performance on the EGMA subtasks in terms of urban 
and rural schools. Pupils in urban schools performed better than their counterparts 
in rural schools. The difference in performance was marked and statistically 
significant on all but the Subtraction Level 2 and Word Problem subtasks. The 
trend of pupils performing better on the more procedural items than on the more 
conceptual items, while true for both urban and rural schools, was more 
pronounced for the urban schools. Again generalizing to the population, it is clear 
that pupils in rural schools in Zambia experience mathematics differently from their 
urban counterparts. 

 

 

 

  

Figure 3. Urban and Rural Performance on the EGMA Subtasks 

 

*  p < 0.05, ** p < 0.01, *** p < 0.001  
‡ These tasks were timed, and the means reported for these subtasks are the mean number of correct responses in terms of the number 

of items attempted. For all other subtasks, the means reported represent the number of correct responses in relation to the number of 
items. 
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Provincial performance on the EGMA subtasks 

Figure 4 illustrates performance on the Missing Number and Addition and 
Subtraction Level 2 subtasks, by province. As a result of the large number of 
provinces and the large number of EGMA subtasks, Figure 4 reports only on the 
two subtasks that deal with the most conceptual of the mathematics being 
assessed. While it is clear that the Southern Province performed most poorly on 
both subtasks, there was no clear performance trend across the provinces. 
 

 

 
  

Figure 4. Provincial Performance on the Missing Number and Addition and Subtraction 
Level 2 EGMA Subtasks 
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Performance on the EGMA subtasks by school type 

Figure 5 illustrates performance on the Missing Number and Addition and 
Subtraction Level 2 subtasks according to school type. As was the case with the 
provincial data, Figure 5 reports only on the two subtasks that dealt with the most 
conceptual of the mathematics being assessed. Quite clearly, the private schools 
outperformed all the other schools, while the GRZ and Grant-aided schools 
outperformed the community schools. There are clearly factors associated with 
the different school types that contribute to pupils experiencing a different 
mathematics education depending on the schools they attend. 

 
 

 

3.2.2 SUBTASK ANALYSIS 

Number identification  

Number identification is to mathematics what letter recognition is to reading. If 
pupils cannot identify numbers, they cannot engage effectively in all aspects of 
mathematics. 

The number identification subtask (see Table 3 for content) assesses the most 
procedural of mathematical skills and is the least demanding of the EGMA 
subtasks.  

Figure 5. Performance on the Missing Number and Addition and Subtraction Level 2 
EGMA Subtasks by School Type 
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Figure 6 illustrates the performance on the Number Identification items. With the 
exception of item 12 (the number 91), which was correctly identified by only 
46 percent of the pupils, more than 60 percent of the pupils could correctly identify 
each of the one- and two-digit numbers, with performance being better on the one-
digit and smaller two-digit items. This is perfectly acceptable for Standard 2. There 
was, however, a sharp drop-off in performance 
as the items changed from one- and two-digit 
numbers to three-digit numbers. Although 
nearly 40 percent of the pupils could identify 
the number 600, less than 15 percent of the 
pupils could correctly identify each of the 
numbers 245, 108, 553, and 989. Interestingly, 
only 10 percent of the pupils could identify the 
number 108 correctly. 

The difference in performance on the one- and two-digit number items and the 
three-digit number items can in all likelihood be explained in terms of curricular 
expectations and experience with these numbers. 

 

 

 

Addition and Subtraction Level 1 

The Addition and Subtraction Level 1 items were assessed in two different 
subtasks: one that consisted entirely of addition items and the other entirely of 

 Number identification items  

       
 3 9 0 16 20  

 23 45 33 27 48  

 59 91 74 87 65  

 245 108 553 600 989  

       

Figure 6. Item-Level Performance on the Number Identification Subtask 
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subtraction items. The Addition and Subtraction Level 1 subtasks (see sample 
items in Table 4) each consisted of items for which it was expected that the pupils 
should have developed some level of automaticity and fluency. The items on 
these subtasks represented the foundational addition and subtraction “facts” that 
are at the heart of addition and subtraction with larger numbers. Without achieving 
some level of automaticity and fluency on the range of addition and subtraction 
facts represented by these items, there is little expectation that the pupils will be 
able to perform addition and subtraction (let alone multiplication and division) with 
larger numbers. That said, success in answering these questions, while 
necessary, is not sufficient to ensure success on the Addition and Subtraction 
Level 2 items, as already noted in the results for Zambian primary pupils. 

Although the performance on the subtraction 
items was not as good as it was on the 
addition items, pupils’ performance on the 
items in these two subtasks was in line with 
the changing structure of the items. 

Figure 7 illustrates the performance on the 
Addition Level 1 items, and the following 
trends are evident: 

• The pupils performed better (between 57 
percent and 80 percent of the pupils responded correctly) on the items involving 
the addition of a single-digit number to a single-digit number with a sum less 
than 10 (i.e., not bridging the 10). 

• Between 62 percent and 75 percent of the pupils responded correctly to the 
items involving the addition of two single-digit numbers with a sum equal to 10 
(i.e., completing the 10). 

• Between 16 percent and 23 percent of the pupils responded correctly to the 
items involving the addition of a single-digit number to 10 (i.e., adding to 10). 
The poor performance on these items is both striking and interesting, although 
the data provide no explanation for these results.  

• Between 48 percent and 56 percent of the pupils correctly responded to the 
items involving the addition of a single-digit number to a two-digit number with a 
sum less than 20. This finding is in line with our expectations of the difficulty 
levels of the items in this subtask. 

• Between 25 percent and 52 percent of the pupils responded correctly to the 
items involving the addition of two single-digit numbers with a sum greater than 
10 (i.e., single-digit addition involving bridging the 10). The relatively poorer 
performance on these items suggests that either teaching focuses more on the 
addition of single-digit numbers without the bridging of the 10, or that pupils are 
still relying on fingers or manipulatives to solve these kinds of problems.  
 

 Sample Addition and Sub-
traction Level 1 Items 

 

      
 1 + 3 = iiii 4 − 1 = iiii  

 3 + 2 = iiii 5 − 2 = iiii  

 6 + 2 = iiii 8 − 2 = iiii  

 7 + 3 = iiii 10 − 3 = iiii  

 8 + 7 = iiii 15 − 7 = iiii  
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Figure 8 illustrates the performance on the Subtraction Level 1 items, and the 
following trends are evident: 

• The pupils performed best (between 45 percent and 66 percent of the pupils 
correctly responded) on the items involving the subtraction of a single-digit 
numbers from a single-digit number. 

• Between 50 percent and 61 percent of the pupils responded correctly to the 
items involving the subtraction of a single-digit number from 10 (i.e., subtracting 
from 10). 

• Between 28 percent and 53 percent of the pupils responded correctly to the 
items involving the subtraction of a single-digit number from a two-digit number 
(less than 20) that did not involve the bridging of the 10. 

• The pupils performed worst—and markedly so (between 12 percent and 21 
percent of the pupils correctly responded)—on the items involving the 
subtraction of a single-digit from a two-digit number (less than 20) with a 
solution less than 10 (i.e., subtraction involving bridging the 10). 
 

Figure 7. Item-Level Performance on the Addition Level 1 Subtask 
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It is generally expected that pupils should be able to respond correctly to a large 
percentage of these items and be able to do so with automaticity and fluency. 
Zambian Standard 2 pupils responded to the Addition Level 1 items with a fluency 
of 7.7 correct answers per minute and to the Subtraction Level 1 items with a 
fluency of 5.9 correct answers per minute. Although the accuracy with which 
pupils responded is generally pleasing, the fluency was low. Of particular concern, 
however, is the striking difference between the addition and subtraction accuracy 
and fluency scores. The scores suggest that more attention and time in class is 
being devoted to addition, with less to subtraction. In all likelihood, very little time 
is being devoted to developing an awareness of the interrelatedness of addition 
and subtraction: since 3 + 2 = 5, it follows that 5 − 2 = 3 and 5 − 3 = 2. If pupils are 
exposed to and learn about number relationships and operations with numbers in 
an interrelated way, then there is less for them to memorize. In addition, the 
knowledge that pupils develop is more easily applied with understanding in 
broader mathematical contexts, such as in the EGMA Addition and Subtraction 
Level 2 subtasks.  

Quantity Discrimination  

The Quantity Discrimination subtask in the EGMA in Zambia measured pupils’ 
abilities to make judgments about differences by comparing quantities, represen-
ted by numbers (see items in Table 5). In other words, this subtask measured the 
pupils’ sense of magnitude: Did they have a sense of how big a number or 
quantity was, and could they compare two numbers or quantities? Being able to 

Figure 8. Item-Level Performance on the Subtraction Level 1 Subtask 
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compare numbers or quantities is a foundational mathematical skill that is critical 
to effective and efficient problem-solving strategies. For example, being able to 
compare numbers or quantities is important when estimating the reasonableness  

of answers to problems. In the early school 
years, this means developing an awareness 
that addition results in a larger number, that 
subtraction produces an answer that is 
smaller than at least one of the original 
numbers, that multiplication can result in 
answers that are larger than the addition of 
the same numbers, and so on. 

Before responding to the items on the 
Quantity Discrimination subtask, pupils completed two practice items to ensure 
that they understood the instructions of the assessor. 

Figure 9 illustrates the performance on the Quantity Discrimination items. A 
distinct pattern emerged in the pupils’ responses. More than 79 percent of the 
pupils could correctly discriminate between the quantities represented by the pairs 
in the first two items—pairs of quantities (numbers) less than 30. Between 57 
percent and 66 percent of pupils could correctly discriminate between quantities 
represented by numbers in the range from 30 to 99, and less than 40 percent of 
the pupils could discriminate between quantities represented by three-digit 
numbers. In all likelihood, the difference in performance on items involving two-
digit numbers and items involving three-digit numbers was a function of the 
different amount of time spent working on the different number ranges in class. 

 

 Quantity Discrimination Items  

      
 5 7 83 78  

 11 24 146 153  

 36 29 287 537  

 58 48 603 630  

 65 67 967 965  

      

Figure 9. Item-Level Performance on Quantity Discrimination Subtask 
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Missing Number  

Mathematics is the study of patterns.  

Determining which number is missing is 
an important mathematical skill that 
involves pattern recognition and 
extension. Being able to recognize 
number patterns, including counting 
patterns (by ones, tens, hundreds, fives 
and twos, and so on, both forward and 
backward), lays the foundation for other 
mathematical concepts, including 
multiplication and division and, later, 
algebra. Being able to identify patterns 
more generally helps pupils with problem 
solving.  

Before responding to the items on the Missing Number subtask, pupils completed 
two practice items to ensure that they understood the instructions of the assessor. 

Figure 10 illustrates the performance on the Missing Number subtask, and the 
following trends are evident: 

• Pupils performed best (between 59 percent and 81 percent of the pupils 
responded correctly) on the items with a step size of 1 and numbers below 20: 
5, 6, 7, 8, and 14, 15, 16, 17. 

• Between 21 percent and 26 percent of the pupils correctly determined the 
missing number in the following number patterns: 200, 300, 400, 500 (which 
has a step-size of 100) and 20, 30, 40, 50 (which has a step-size of 10). 
Determining the missing number in these patterns involves recognition of the 
linkage between the patterns: 2, 3, 4, and 5; 200, 300, 400, and 500; and 20, 
30, 40, and 50.  

• Of the remaining items (which involved step-sizes of two and five, as well as 
larger numbers), between 2 percent and 13 percent of pupils could determine 
the missing numbers correctly. 

The performance on the Missing Number subtask indicated a trend of pupils 
responding correctly only to the most procedural (easily memorized) items and 
struggling on the items that required an understanding and application of 
foundational mathematical skills.  
 

 Sample Missing Number Items  
             
             
 5  6  7    
             
             
             
 14  15    17  
             
             
             
 20    40  50  
             
             
             
   300  400  500  
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Addition and Subtraction (Level 2)  

The Addition and Subtraction Level 2 subtasks assessed pupils’ conceptual 
understanding of addition and subtraction (see items in Table 7). These subtasks 
also assessed pupils’ abilities to apply the procedural knowledge assessed in the 
corresponding Level 1 subtasks to more complex tasks. If the pupils wanted to, 
they were allowed to use paper and pencil to help them solve these problems, but 
they were not required to do so. Pupils who did not solve a single problem 
correctly on the Level 1 items (i.e., 11.4 percent of the pupils in the case of 
Addition Level 1 and 19.4 percent in the case of Subtraction Level 1; refer to 
Table 2 for zero scores by subtask) were not asked to solve the Level 2 problems. 

Nearly half (49.5 percent) of the 
pupils who attempted the Addition 
Level 2 problems and 60.7 percent 
of the pupils who attempted the 
Subtraction Level 2 problems were 
unable to correctly answer a single 
item. This is in stark contrast to the 
more impressive performance on 
the Addition and Subtraction Level 1 
subtasks. 

A close examination of the items on the Addition Level 2 subtask shows an 
increasing complexity and conceptual demand, as follows: 

• From the addition of a single-digit number to a two-digit number with a sum less 
than 20 

 Addition and Subtraction Level 2 
Items 

 

      
 13 + 6 = iiii 18 – 4 = iiii  

 18 + 7 = iiii 23 – 5 = iiii  

 12 + 24 = iiii 36 – 12 = iiii  

 25 + 35 = iiii 40 – 19 = iiii  

 38 + 26 = iiii 43 – 26 = iiii  

      

Figure 10. Item-Level Performance on the Missing Number Subtask 
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• To the addition of a single-digit number to a two-digit number involving bridging 
and a sum greater than 20 

• To the addition of two, two-digit numbers not involving bridging, but involving 
increasingly larger number ranges  

• To the addition of two, two-digit numbers involving bridging. 

The Subtraction Level 2 subtask had the same pattern of increasing complexity 
and conceptual demand as the Addition Level 2 subtask. 

Figure 11 illustrates the performance, by item, for each of the tasks in these 
subtasks. A striking linkage emerged between the pupils’ performance and the 
conceptual demand of the items. There was also a marked difference between the 
pupils’ performance on the Addition Level 2 subtask and on the Subtraction Level 
2 subtask, with the performance on the Subtraction Level 2 subtask being much 
poorer.  

 
 
 

What is so notable about the Addition and Subtraction Level 2 performance is not 
that the response pattern of the pupils was aligned to the conceptual demand of 
the items, but rather that it was so out of alignment with the expectation created by 
the performance on the Addition and Subtraction Level 1 subtasks. The 
performance on the Addition Level 1, and particularly the Subtraction Level 1 
subtasks, could and should have been better. In other words, with the pupils 
having fared relatively well on the Addition and Subtraction Level 1 subtasks, the 
expectation was for better performance than was observed on the Addition and 

Figure 11. Item-Level Performance on the Addition and Subtraction Level 2 Subtasks 
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Subtraction Level 2 subtasks. As already suggested, this disconnect hints very 
strongly at the way in which pupils learn mathematics. The Zambian pupils were 
unable to apply their basic addition knowledge and facts to solve one- and two-
digit addition problems. In all likelihood, the pupils knew the basic addition 
knowledge as memorized facts as opposed to performing the calculations with 
understanding and hence being able to apply their knowledge in other settings. 

Word Problems  

Problem solving is central to performing mathematics. Because the focus of the 
EGMA Word Problems subtask in Zambia was on assessing the pupils’ abilities to 
make a plan and solve a problem, the numerical values involved in the problem 
were deliberately small (single-digit arithmetic). The reason the numerical values 
were small was to allow for the targeted skills to be assessed without confounding 
problems with calculation skills that might otherwise impede performance. If the 
pupils wanted to, they were allowed to use counters (objects) and paper and 
pencil to help them solve or model these problems, but they were not required to 
do so.  

Before responding to the items on the Word Problems subtask, the pupils 
performed two practice items to ensure that they understood the instructions of the 
assessor. The word problems were administered in either the language of 
instruction or English, or in both languages, according to the pupils’ needs. 

The word problems (Figure 12) were deliberately designed to provoke the pupils 
to make different plans, as follows: 

• Problem 1 has a “change, result unknown” structure. Problem 1 was designed 
to provoke a subtraction (or counting-back) type of strategy. 

• Problem 2 has a “combine, total unknown” structure. Problem 2 was designed 
to provoke an addition (or counting-on) type of strategy. 

• Problem 3 has a “compare, part unknown” structure. Problem 3 was designed 
to provoke either an addition (counting-on) or subtraction (counting-back) type 
of strategy. 

• Problem 4 has a “change, start unknown” structure. Problem 4 was designed to 
provoke an addition (counting-on) type of strategy. Problem 4 was conceptually 
more demanding than Problem 1 because the starting value was unknown and 
needed to be determined. 

• Problem 5 has a “sharing” structure. Sharing is a familiar activity in the lives of 
children; therefore, many of them can model and solve this problem using 
counters long before they start school. 

• Problem 6 has a “multiplication (grid/array)” structure. Although Problem 6 is 
typically a little bit harder than Problem 5, many children are nonetheless able 
to model and solve this type of problem using counters before they start school. 

 
Grade 2 NAS: Preliminary Mathematics Findings | 21 



 
 
 

Table 2 above showed that, on average, the Standard 2 pupils scored 
47.8 percent for the Word Problems subtask, despite 16.2 percent of the pupils 
being unable to correctly answer a single question. This was markedly better than 
the performance on the other conceptual subtasks: Missing Number (22.4 
percent), Addition Level 2 (24.7 percent), and Subtraction Level 2 (18.2 percent). 
The result of the Word Problems subtask is encouraging because it suggests that 
the Zambian pupils, while struggling to apply their basic (foundational) 
mathematical knowledge and skills in more conceptual context, were nonetheless 
able to solve problems when these were posed in more familiar (everyday) 
contexts. It is possible to speculate that the large number of zero responses 
corresponds to pupils who had already learned to “give up” when faced with a 
word problem. 

 

 

Figure 12. Item Level Performance on the Word Problems Subtask (English Version) 
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4. CONCLUSIONS AND 
RECOMMENDATIONS 

The results of the EGMA study in Zambia strongly suggest that the teaching of 
mathematics is focused on the memorization of facts, rules, and formulas. 
However, likewise based on these results, this approach does not appear to be 
working. Although teaching for memorization may contribute to the impression that 
children “know their mathematics” in the very early grades (e.g., Standards 1 and 
2), the EGMA in Zambia has shown that pupils are unable to apply their 
memorized knowledge, and therefore, they are not well prepared to learn more 
complex and important mathematics in the higher grades.  

More specifically, although pupils performed reasonably well on the more 
procedural tasks (basic addition and subtraction facts), they struggled to apply this 
procedural knowledge to solve tasks that were more conceptual in nature, with 
only 7 percent of Standard 2 pupils able to calculate 38 + 26 = iiii and 43 – 26 = iiii 
correctly. That is not withstanding the expectation of the mathematics curriculum 
in Zambia that Standard 2 pupils should be able to add and subtract with numbers 
up to 500. 

Although the results of the EGMA are clear—children are not performing at the 
level that we would like them to—the explanation lies more in how they are taught 
than in what they are taught. The nature of the results of these studies creates the 
strong impression that pupils are memorizing what they learn, rather than 
engaging with understanding. Teachers need to be supported in adopting 
pedagogically more effective approaches for teaching reading, writing, and 
arithmetic in the early grades. 
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ANNEX A: EGMA RESULTS BY 
SUBTASK, INCLUDING STANDARD 
ERROR VALUES AND 95% 
CONFIDENCE INTERVALS 

 

SUBTASK N 
NO. CORRECT / 

MINUTE 
% CORRECT / 
ATTEMPTED 

% CORRECT / 
TOTAL 

% ZERO 
SCORES 

      

Number Identification ‡  4,844 13.31 61.9% – 1.6% 

Standard error   0.39 1.1% – 0.3% 

95% confidence interval   12.52 – 14.10 59.6% – 64.3% – 1.0% – 2.2% 

Addition Level 1 ‡ 4,845 7.73 65.8% – 11.4% 

Standard error   0.19 1.5% – 1.0% 

95% confidence interval   7.34 – 8.12 62.7% – 68.9% – 9.5% – 13.3% 

Subtraction Level 1 ‡ 4,842 5.85 55.6% – 19.4% 

Standard error   0.19 1.9% – 1.8% 

95% confidence interval   5.46 – 6.23 51.7% – 59.4% – 15.7% – 23.2% 

Quantity Discrimination  4,845 – – 55.5% 4.2% 

Standard error   – – 1.9% 0.5% 

95% confidence interval   – – 51.6% – 59.3% 3.2% – 5.3% 

Missing Number  4,844 – – 22.4% 15.2% 

Standard error   – – 0.7% 1.1% 

95% confidence interval   – – 20.9% – 23.9% 13.0% – 17.4% 

Addition Level 2 4,845 – – 24.7% 49.5% 

Standard error   – – 2.6% 2.7% 

95% confidence interval   – – 19.3% – 30.0% 43.9% – 55.0% 
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SUBTASK N 
NO. CORRECT / 

MINUTE 
% CORRECT / 
ATTEMPTED 

% CORRECT / 
TOTAL 

% ZERO 
SCORES 

Subtraction Level 2 4,845 – – 18.2% 60.7% 

Standard error   – – 3.5% 4.5% 

95% confidence interval   – – 11.1% – 25.3% 51.5% – 69.9% 

Word Problems 4,842 – – 47.8% 16.2% 

Standard error   – – 3.1% 2.5% 

95% confidence interval   – – 41.4% – 54.1% 11.0% – 21.3% 

‡  These tasks were timed, and the means reported for these subtasks are the mean number of correct responses in terms of the 
number of items attempted. For all other subtasks, the means reported represent the number of correct responses in relation to the 
number of items. 
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