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In October 2012, the Deutsche Gesellschaft für Inter-
nationale Zusammenarbeit (GIZ) GmbH on behalf of 
BMZ commissioned School-to-School International 
to conduct a desk study on the Assessment of Early 
Grade Numeracy, particularly in low income countries, 
as part of a series of studies on numeracy. Two other 
studies would examine Early Grade Development and 
Numeracy and Mobile Learning and Numeracy.

In the terms of reference, GIZ highlighted the need for 
these studies by stating that numeracy has been a rel-
atively “ignored facet” of the international Education 
For All agenda. Numeracy has not received the atten-
tion it deserves in spite of the fact that strong compe-
tence in numeracy is necessary for full participation 
in society, including as the foundation for science, 
technology, engineering, and business. As stated by the 
Mathematics Learning Study Committee (2001), 

“Citizens who cannot reason mathematical-
ly are cut off from whole realms of human 
endeavor. Innumeracy deprives them not 
only of opportunity but also of competence in 
everyday tasks. All children must learn to think 
mathematically, and they must think mathe-
matically to learn.”  

The numeracy that children develop in the primary 
grades forms the foundation of the knowledge and 
skills needed for success in secondary school and 
beyond. Helping students get started in developing 
conceptual understanding, mastery, and fluency with 
numeracy in the early grades is essential to ensuring 
that they will have the opportunity to successfully 
complete more advanced mathematics courses. 

In many classrooms around the world, mathematics 
instruction is dominated by procedures, particularly 
in teaching students how to calculate. While calculat-
ing is a vital skill, it is often taught mechanically and 
without building a mastery of number concepts, i.e., 
what numbers represent, how they can be ordered 
and counted, and how they can be composed, decom-
posed, and compared. The emphasis on computational 
procedures is accompanied by neglect of other areas of 
numeracy, including measurement, patterns, and data 

and data displays. Such a narrow curriculum often 
limits students’ ability to reason and solve problems.

Assessing children’s numeracy suffers from the same 
issues as those found in mathematics instruction. Most 
assessment depends on the curriculum as a source for 
developing tasks. If the curriculum emphasizes cal-
culation, for instance, then the assessments generally 
measure this subdomain. The linkage between cur-
riculum, instruction, and assessment can perpetuate 
rote memorization of facts and procedures, without 
helping children learn basic mathematical concepts. 
The most successful educational systems are able to 
include broader subdomains, such as understanding 
patterns, interpreting data, and solving problems, and 
their assessment systems are able to measure them.

The assessment systems themselves are often limited 
to producing summative information. Traditional 
end-of-cycle public examinations are often the main 
type of assessment used in low income countries, since 
these assessments fill the need for selecting students 
to participate in the next cycle of education. However, 
there are other assessments that can promote system 
evaluation and better student learning. An increasing 
number of countries are organizing their own sam-
ple-based national assessments, with accompanying 
surveys, to provide information on whether students 
at particular grade levels are making progress in key 
subject areas. International assessments, whether 
worldwide or regional, are also contributing valuable 
information. Diagnostic assessments are also becom-
ing increasingly popular, particularly in filling a gaping 
need in the early primary grades. Perhaps the area of 
greatest need is in the area of classroom-based assess-
ment. Many researchers believe that this area has the 
greatest potential for helping teachers and students to 
improve learning outcomes.

The focus of this desk study is to provide information 
on the assessment of early numeracy learning out-
comes as an integral part of efforts aimed at increasing 
education quality in low income countries. In order 
to provide focus for the study, GIZ identified three 
assessment-related challenges, which are crosscutting 
for each of the sections of the study:

Introduction

1. Using assessment to support children in mas-
tering foundational concepts and competencies, 
such as number sense and computation.

2. Relating or adapting assessment to the environ-
ments of children in low income countries.

3. Applying assessment to understand the strengths 
and weaknesses of the informal mathematics that 
children bring to school.

Four guiding questions, also provided by GIZ, form 
the main structure for the desk study. Each questions 
is addressed in an individual section, though there is 
some overlap between the questions across the sec-
tions. These questions are the following:

1. What kinds of numeracy learning outcomes need 
to be assessed?

2. What are the current practices in assessment of 
early grade numeracy learning outcomes?

3. What (low-cost, effective, and easily applica-
ble) early grade numeracy assessment tools are 
 available?

4. What can be learned from the assessment of early 
grade literacy with reference to numeracy?

Research in numeracy and mathematics education is 
cited throughout the desk study, and examples from 
low income countries are provided to illustrate many 
of the points. The study concludes with some final 
remarks on assessing numeracy in the early grades.
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Question 1:  What kinds of early grade 
 numeracy  learning  outcomes 
need to be assessed?

In order to decide what kinds of numeracy learning 
outcomes to evaluate, we have identified three different 
factors that influence the selection of the outcomes. 
These are universal vs. specific competencies, concepts 
vs. skills in numeracy, and informal vs. formal abilities.

We begin with a discussion of whether numeracy 
outcomes are universal or specific. Clearly, we need to 
know whether children from across the globe develop 
certain competencies and whether other competen-
cies are place-specific and dependent on contexts. It 
is important to determine whether competencies fall 
into these categories when designing assessment tasks, 
whether for international purposes or for a particular 
country or region. 

Similarly, we need to ensure the assessment of both 
concepts and skills. For instance, children need to 
learn the concepts behind number, place value, and 
operations if they are going to understand arithmetic. 
They also need the skills to implement those concepts, 
such as the procedures for computing sums, differenc-
es, products, and quotients. The assessments should 
be designed to find out whether children have the 
requisite understandings or whether their knowledge 
and skills are more rote and less transferable.

We also need to have a clearer understanding of 
children’s informal and formal mathematical abilities. 
Informal mathematics generally pertains to those 
concepts and skills that children learn outside of 
school and in everyday life, such as basic numbers and 
ideas of counting. Formal mathematics involves more 
symbolism and abstraction, such as the algorithms 
children learn at school for operations. Both need to 
be assessed, as both are fundamental in how children 
learn to think mathematically.

After discussing these three factors – universal vs. 
specific, concepts vs. skills, and informal vs. formal 
– we then present different assessment frameworks 
currently used by various standards and assessment 
programs. Finally, we examine whether learning 
outcomes are different for students in low income 
countries and we offer possible explanations for the 
results based on the three factors.

A.  Universal vs. 
 specific competencies

In order to make decisions about which numeracy 
competencies to assess, it is important to consider 
whether a competency is universal to all individuals 
or specific to a cultural group. Basically, properties of 
quantity (e.g., conservation, composition and de-
composition, and order relations) are universal; how 
cultural groups represent these properties is specific. 
When designing assessment tasks, particular attention 
should be paid to how competencies are being repre-
sented on the test, recognizing that the representation 
of particular tasks may be different from what some 
children are taught, and thus they may fail to elicit 
children’s knowledge of early mathematics. Below, we 
detail examples of universal competencies, and then 
discuss how systems of representation differ.

Universal 

Fundamental properties of quantity are generally 
considered to be universal numerical competencies 
(Gelman & Gallistel, 1978; Ginsburg & Opper, 1988). 
Conservation of quantity is the idea that quantity 
remains constant despite changes to the size or shape 
of the arrangement (Piaget, 1965). 

To illustrate the competency of conservation of quan-
tity, in the figure below, both Row A and Row B have 
four buttons, although the arrangements are different. 
Across countries, young children often believe that 
changes to the arrangement of objects in a set change 
the quantity of the set. A young child may say that Row 
B has more because it is longer than Row A. In order 
to develop early numeracy competencies, however, 
children must learn that changes in arrangement do 
not change the quantity.

A

B

Another universal competency is subitizing, which is 
the ability to instantly recognize small quantities of 
number without counting them. Studies have shown 
that humans can subitize up to 6 objects; young chil-
dren can often subitize 3 to 4 objects (Clements, 1999). 
In the figure below, we can subitize the dots in box A, 
knowing that there are 3 dots without having to count 
them. In box B, there are too many dots to subitize. Su-
bitizing is an important universal competency because 
it allows children to be able to know the numerosity 
of a set without needing to know how to count. It also 
allows young children to compare quantities, again 
without needing to know how to count. Subitizing is 
an essential skill to measure since it is a “fundamental 
skill in the development of students’ understanding of 
number” (Baroody, 1987).

Composition and decomposition of quantity is an-
other fundamental property of number. Any quantity 
can be decomposed into smaller quantities, and can be 
combined with other quantities to make a new quanti-
ty. For example, consider a set with 5 buttons in it. The 
set can be decomposed into 2 and 3 buttons, or 4 and 
1 buttons. The set of 5 buttons can also be combined 
with a new set of 3 buttons to make 8 buttons. Com-
position and decomposition of quantity form the basis 
of operations. Children learn about composition and 
decomposition of number as they play with objects 
and group and regroup them. They come to see that 
adding and taking objects away from sets is the only 
way to change the quantity of the set. Assessments can 
determine whether children have acquired this vital 
skill (Ginsburg & Baroody, 2003).

Quantity also has order relations of more than/less 
than embedded in it. The quantity of 5 is less than 
the quantity of 6, but more than the quantity of 4. 
Children, through subitizing, counting, and eventually 
number word sequences, compare quantities to deter-
mine more than and less than relationships. Two sets 
of dots or, for older children, a mental number line can 
be used to assess this skill (Ginsburg & Baroody, 2003).

Specific

Representations of quantity, as well as the different 
procedures and strategies we use to solve numerical 
problems, are often specific to local contexts. One 
of the primary ways that quantity is represented is 
through language. On a surface level, we know that 

A B

different cultural groups use different words to repre-
sent different quantities. On a deeper level, some lan-
guages contain properties of a number system. For ex-
ample, in the Japanese language, the numbers “11” and 
“12” are composed of the words for “10 and 1” and “10 
and 2”, respectively. In contrast, “eleven” and “twelve” 
are effectively nonsense words in the English language. 
Not surprisingly, research has shown that children in 
Japan learn number and place value concepts earlier 
than children in the U.S. (Miura et al., 1993). In an ex-
treme case, Gordon (2004) found that members of the 
remote Pirahà tribe in Brazil use a “one-two-many” 
language system to convey quantity, and do not have 
other counting words; certainly, the representation 
of numbers beyond one and two is problematic for 
this population. Interpretation of assessment results 
should take into consideration whether the language 
used to represent number is easy or difficult for the 
children in those cultures. 

There are other differences in representation of 
number. In some contexts, number lines have arrows 
on both ends; in other contexts, arrows are only on the 
right side. Both number lines convey they idea that 
numbers increase and decrease in value infinitely in 
different ways. Symbols for multiplication and divi-
sion differ, as well as the ways people write equations 
(horizontal and/or vertical). Tests with items that 
misrepresent these symbols for particular groups of 
children will not lead to accurate assessments of their 
abilities.

Strategies to solve problems are also different. Algo-
rithms, or mathematically proven means to solve a 
problem, differ by country and culture. The figure 
below shows the algorithm for 2-digit subtraction 
used in the U.S. In this problem, a “10” is borrowed 
from the left column (the tens) and added to the right 
column (the ones) to change the “4” into “14.” The “3” 
in the tens column becomes a “2” because 10 has been 
borrowed. In contrast, the subtraction algorithm in 
Lebanon involves adding to both numbers. As in the 
U.S., 10 is added to the top number, converting the 
“4” into “14”, but instead of borrowing 10 from 30, it is 
added to the bottom number, changing the “1” into “2”. 
The result is the same but the algorithm varies, which 
might need to be taken into account when designing 
an assessment task. 

34
- 19

15
Algorithm in the U.S.

12
34

- 19
15

Algorithm in Lebanon

1

2
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Other strategies, such as informal problem solving, 
may also differ (Carpenter et al., 1996). For example, 
when solving 29 + 34, a child may add two sets of 30 
and then one set of 3 to determine the answer. Alter-
natively, a child may count up from 29 by tens and 
ones (29, 39, 49, 59, 60, 61, 62, 63). While the answers are 
identical, the strategies to arrive at the answer often 
vary according to experiences in local contexts, which 
may be reflected on a mathematics assessment if the 
task involves identifying a particular approach.

It is important to consider the ways in which compe-
tencies are represented on assessments, which should 
take into account what we know about cultural differ-
ences when considering the numeracy competencies 
of the child.

B.  Concepts vs. skills in 
 numeracy

There are concepts and skills underlying early numeracy 
competencies, and it is important to assess both. The 
Mathematics Learning Study Committee (2001) states 
that in order to be productive members of society, it is 
vital that young students understand the mathematics 
they are learning. Research has shown that children 
need to be able to make sense of mathematics in order 
to be successful in learning mathematics, which involves 
much more than memorizing a procedure or simple 
arriving at the correct answer. Instead, understanding 
mathematics is about being able to justify answers, 
generalize understandings to new problems, and under-
stand why a particular answer is correct (NGACBP, 2010).  

Concepts

Conceptual understanding can be thought of as mak-
ing connections between pieces of knowledge. Accord-
ing to Piaget (1964), there are two processes involved in 
making these connections. One is assimilation, which 
involves connecting new information to existing 
knowledge. For instance, a child who has knowledge of 
addition of objects can learn the “+” symbol so that the 
operation can become symbolic. The other is integra-
tion, which involves connecting two existing pieces 
of knowledge. For instance, a child who can recognize 
that there are five fingers on each hand and ten fingers 
on both hands will at some point realize that the sum 
of five and five is ten. Assessing whether a child has 
made these kinds of connections will tell us whether 
the concept has been acquired, and also whether the 
child is ready to learn more advanced concepts.

Another way to look at numeracy concepts is that they 
involve knowing “why” or the reason(s) behind certain 
mathematical knowledge. As stated in the Common 
Core State Standards (NGACBP, 2010): 

“One hallmark of mathematical understandin-
gs is the ability to justify, in a way appropriate 
to the student’s mathematical maturity, why a 
particular mathematical statement is true or 
where a mathematical rule comes from.” 

For example, a child solving a simple addition problem 
of 3 + 4 needs to know more than just the answer to 
the problem; instead, the child should also be able to 
prove that their answer is correct, either by demon-
strating the strategy they employed to solve the prob-
lem or by reasoning about the meaning of addition. 
Hatano (1988) uses the term “routine expertise” to 
describe the rote knowledge of a task, which is much 
less powerful than the “adaptive expertise” that allows 
the child to apply the insight to both familiar and new 
problems. Well-designed assessment tasks can tell us 
whether a child, for instance, has memorized a num-
ber fact or whether the reasoning behind the number 
fact has been grasped.

Skills

Ginsburg et al. (1998) define numeracy skills as “how 
to” solve a problem. Skills are the procedures, number 
facts, and formulas for solving problems. In the ex-
ample above of 3 + 4, a child may have memorized the 
number fact and know the answer is 7. Alternatively, 
the child may count up using their fingers. 

Skill fluency requires being able to carry out computa-
tions efficiently, appropriately, and effectively (MLSC, 
2001). It also means knowing when to use the skills 
and how to adapt them to new circumstances. Know-
ing “how to” and “when” are important components of 
learning mathematics and should be part of the tasks 
in any assessment of early numeracy.

Concepts and skills are closely tied to each other, and 
therefore both are needed in assessments (Wu, 1999). 
In order to develop early numeracy competencies, 
a child has to know both how to solve a problem as 
well as why the answer is correct. Assessments that 
focus only on skills may leave invisible children’s 
understanding of numeracy concepts, and those 
that concentrate only on concepts will not provide 
information on whether a child can apply mathe-
matical understanding. Assessments should focus on 
both concepts and skills in order to provide the most 
accurate information possible about a child’s compe-
tencies. 

C.  Informal vs. 
 formal  abilities

Both informal and formal concepts and skills are fun-
damental for children in learning to think mathemat-
ically. As children interact with their world, they learn 
informal mathematical skills, such as counting, group-
ing and regrouping, and using operations to solve 
simple problems. In school, children are introduced to 
formal mathematics, where quantities are represented 
by numerals, and mathematical thinking is largely 
abstract and symbolic. The informal knowledge the 
children acquire primarily outside school forms a 
strong base for learning formal mathematics. 

Informal

Informal numerical competencies are those learned by 
children in their everyday lives through interactions 
with adults, peers, and objects in the world (Piaget, 
1965; Nunes, Schliemann & Carraher, 1993; Sitabkhan, 
2009). Children develop these competencies prior to 
formal schooling because “it is personally meaningful, 
interesting, and useful to them” (Ginsburg & Baroody, 
2003). Informal numeracy competencies are:

1. Built on counting and invented strategies to solve 
problems. 

2. Embedded in practical activities such as sports or 
shopping.

3. Reflective of mathematics in a local context.

Informal strategies to solve problems are based largely 
on counting and invented strategies. These strategies 
are often oral instead of written. In their everyday 
lives, children engage in multiple activities that 
involve numeracy. For example, children may count 
pieces of fruit in a market or the number of steps they 
take to walk from their home to their school. They 
may solve simple problems, such as figuring out how 
many cups are needed for each member of their fam-
ily. Children invent procedures to solve these kinds of 
problems, largely based on counting. 

Informal numeracy concepts are concrete and mean-
ingful and embedded in children’s activities (Guber-
man, 1996; Nasir, 2001; Sitabkhan, 2009). Children build 
understandings that have real-world analogies. For 
example, children may need to calculate the total cost 
of items they are buying in a store (Taylor, 2009), or 
calculate the change given to customers in a market set-
ting (Sitabkhan, 2009). The mathematical problems they 
solve refer to real situations and objects in the world. 

Because informal concepts are embedded in the 
everyday world of the child, the concepts often reflect 
understandings of the local context. For example, 

Baranes et al. (1989) found that children in the U.S. 
were more successful solving addition and subtraction 
problems with the number “25” than children in other 
countries since the quarter (25 cents) is a common 
coin. Saxe (1991) studied young candy sellers’ mathe-
matical understandings in Brazil and found that they 
were able to recognize numerals on bills and coins but 
not when the same numerals were written on paper.

It is critical to assess informal mathematics because 
school children assimilate or integrate what they are 
taught in school largely in terms of the mathematics 
that they learn outside of school. If the assessment 
tasks are not well designed, it is likely that strong 
informal knowledge and skills will not be discovered. 
In particular, teachers must use classroom assessment 
to form an accurate picture of children’s informal abil-
ities so that instructional strategies can help children 
make connections with formal mathematics. If gaps 
in informal knowledge are not remedied, children will 
likely have difficulties with the corresponding formal 
mathematics topics. On the other hand, assessments of 
informal mathematics can also help prevent the teach-
er from wasting valuable time by avoiding instruction 
on competencies that the child has already mastered 
(Ginsburg & Baroody, 2003).   

Formal

Formal competencies are those that are taught in 
formal schooling. They are usually abstract and based 
on interpretation of symbols and mathematical repre-
sentation. Formal competencies in early mathematics 
include the ability to recognize numerals, demonstrate 
knowledge of number facts, identify simple patterns, 
and solve written addition and subtraction problems. 
Early competencies form the basis for more advanced 
concepts and skills, such as multiplication, division, 
fractions, complex patterns, and data interpretation. 
Formal competencies are usually written, not oral, and 
involve understanding and making sense of symbols 
and representations.

Learning facts, procedures, and formulas must be 
tied to conceptual understanding, much of which is 
informal. Attaching meaning to learning makes tasks 
such as memorizing facts and definitions easier since 
the child can make sense of the abstract or symbolic 
representations. Children who forget number facts, for 
instance, can reconstruct them by using their informal 
mathematics and conceptual understandings. This 
also applies in situations where the child encounters 
an unfamiliar task. They are less intimidated by new 
problems if they have the background to solve them 
(Ginsburg & Baroody, 2003).

Assessing formal mathematics should be accom-
panied, when possible, by tasks that assess the 
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foundational knowledge and skills from informal 
mathematics. It is even possible to assess the same 
numeracy competency both formally and informally. 
For example, in assessing addition, a child can be given 
a set of 4 and a set of 5 concrete objects and asked to 
determine how many there are all together (informal); 
the child can also be given the written problem of 4 + 5 
and asked to solve it (formal).

By focusing on both formal and informal, we can make 
better decisions about children’s abilities by finding 
out about their strengths as well as diagnosing their 
difficulties. Taking the addition example from above, 
administering the informal task can reveal that a child 
understands and can correctly solve simple addition 
problems, but the tasks focusing on formal compe-
tencies can reveal that the same child cannot correctly 
solve a written addition problem. A conclusion from 
this might be to focus instruction on abstract numer-
acy understandings, helping the child understand the 
symbols. In this way, instruction can also use informal 
knowledge to build formal knowledge.  

D.  Frameworks, standards, 
and tasks for assessing 
numeracy

We now turn to the different competencies that are 
identified in well-known frameworks and standards. 
These include TIMSS, Common Core, and UNESCO/
UIS/Brookings (LMTF – Learning Metrics Task Force). 
Also listed are the outcomes measured by tasks on some 
of the most popular international assessments of early 
numeracy, such as EGMA, TEMA, ASER, and UWEZO. To 
varying degrees, the frameworks, standards, and tasks 
measure competencies that are universal and specific, 
conceptual and skills-based, and informal and formal. 

1. Trends in International Mathematics and Science 
Study (TIMSS) Framework
• Number
• Geometric Shapes and Measures
• Data Display

2. Kindergarten-Grade 2 Common Core State Stan-
dards in the U.S.
• Counting and Cardinality
• Operations and Algebraic Thinking
• Number and Operations in Base-10

3. UNESCO/Brookings International Primary 
School Standards
• Number and Operations
• Mathematics Applications
• Geometry and Patterns

4. Early Grades Mathematics Assessment (EGMA) 
Tasks
• Number Identification
• Quantity Discrimination
• Patterns and Missing Numbers
•  Addition and Subtraction (Facts and Algo-

rithms)
• Addition and Subtraction (Word Problems)
• Relational Reasoning
• Spatial Reasoning

5. Test of Early Mathematics Ability (TEMA) Tasks
• Numbering (Informal)
• Number Comparisons (Informal)
• Calculation (Informal and Formal)
• Concepts (Informal and Formal)
• Numeral Literacy (Formal)
• Number Facts (Formal)

6. Annual Status of Education Report (ASER) Tasks
• Number Recognition
• Addition and Subtraction (Facts and Algo-

rithms)
• Addition and Subtraction (Word Problems)
• Multiplication and Division (Facts and Algo-

rithms)

7. “Capability” in Kiswahili (UWEZO) Tasks
• Number Recognition
• Addition and Subtraction (Facts and Algo-

rithms)
• Addition and Subtraction (Currency)
• Multiplication and Division (Facts and Algo-

rithms)

A comparison of the frameworks, standards, and tasks 
shows that numbers (i.e., counting, numerals, compar-
isons, place value, facts, quantities, and patterns) and 
operations (i.e., addition, subtraction, multiplication, 
and division) are found in most of the lists. Areas such 
as geometry, spatial reasoning, and data, are less well 
represented. On most of the assessments, the vast ma-
jority of tasks are universal, skills are emphasized over 
concepts, and formal mathematics is predominant 
over informal mathematics.

E.  Numeracy outcomes 
for children in less 
 developed countries

Children from low income countries may not perform 
as well on assessments of formal concepts/procedures 
as measured by international assessments. Results 
from TIMSS show that children in low income coun-
tries generally score below the mean in primary school 
mathematics (Mullis et al., 2012). This was particu-
larly the case in mathematics tasks that assessed the 
cognitive areas of applying and reasoning. Accompa-
nying surveys of students showed that performance 
was related to the following factors, all of which were 
at lower levels in socio-economically less developed 
countries:

• Early numeracy activities before the beginning 
of primary school;

• Attendance in pre-primary education (pre-
school) programs;

• Ability to do numeracy-related tasks upon entry 
into primary school;

• Home resources (e.g., parental education level, 
books) for learning;

• Ability to speak the language of assessment as a 
first language;

• Mathematics resources (specialized teachers, 
materials) at the school;

• School discipline, safety, and orderly environ-
ments;

• Teacher preparation and confidence in teaching 
mathematics; and,

• Teacher experience level and career satisfaction.

Other international studies, including those that have 
featured one-on-one interviews and oral assessments, 
have shown that children in low income countries 
show strengths in the kinds of numeracy knowledge 
and skills – i.e., specific and informal skills – that are 
not generally measured on international assessments 
(Ginsburg & Baroody, 2003). Children either in low 
income countries or in high poverty areas of middle 
income countries have demonstrated strengths in 
areas such as comparing quantities, mental arithme-
tic, and operations with currency, particularly when 
presented with problems from their everyday lives 
(Carraher, Carraher & Schliemann, 1985; Davis, 1992; 
Saxe & Posner, 1983).

Another issue affecting assessment results is that 
children in low income countries may learn at rates 
that are different from those of children in high 
income countries. As mentioned above, issues such 
as learning in multiple languages can influence 

acquisition of some knowledge and skills. In one 
research study, young children in West Africa could 
often count to ten in their local language and in an 
international language, but could not count to 20 in 
either language (Davis, 1992). In a related study, U.S. 
children demonstrated higher informal skills than 
Asian children at younger ages, but the Asian chil-
dren surpassed their American counterparts once the 
children reached school and began to learn formal 
mathematics. Both groups were compared to West 
African children, who performed well in both infor-
mal and formal mathematics, particularly once they 
reached primary school and in urban areas (Davis & 
Ginsburg, 1993). 

The school age of the children may also influence 
learning. Compared to their counterparts in Western 
countries, children in many low income countries may 
be older at the same grade level. An older child might 
have better informal mathematics (e.g., the Piagetian 
skill of conservation), but they also might be subject to 
other factors, such as having to repeat classes due to 
poor instruction and suffering from a stigma for being 
older, that would negatively influence their learning 
(Anderson et al., 2001; Grogan, 2008).

Finally, attitudes towards mathematics can have a 
strong correlation with achievement. The relationship 
is bidirectional, with attitudes and achievement mutu-
ally influencing each other (Mullis et al., 2012). Related 
factors are student confidence with mathematics and 
student value for mathematics, both of which are 
highly correlated with achievement, even at grade four 
(Mullis et al., 2012). As mentioned above, teacher confi-
dence with mathematics is also highly correlated with 
student performance. These anxieties may play them-
selves out in the assessments, as teachers may be afraid 
to assess students as they are afraid of the outcomes, 
and students may not want to take the assessment for 
fear of results. Similarly, district and country officials 
may not want to assess their students out of fear of the 
possible results. 

Research has shown that student’s attitudes and beliefs 
about themselves as math learners are related to their 
achievement (Stevenson, Lee & Stigler, 1986; Stigler & 
Fernandez, 1995). In related research, Dweck (2006) 
identified two kinds of mindsets: fixed and growth. A 
fixed mindset is one in which you are either good at 
something or not good at something based on your 
brain and genetics. A growth mindset is one in which 
you can become good at something based on hard 
work and dedication. If teachers and students have 
fixed mindsets, this may lead to a lack of learning in 
mathematics. For example, if a female student believes 
that only boys are good at math, she may not try as 
hard to learn the content during the class. When 
assessing mathematics, it is important to also assess 
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student beliefs and attitudes towards mathematics and 
their relationship to achievement. 

Summary

This overview of different factors to consider comes 
from studies in both mathematics education and 
developmental psychology. The ideas of universal vs. 
specific, concepts vs. skills, and informal vs. formal can 
have overlaps, but the general principles help us with 
constructing the tests, interpreting the results, and 
using the data to improve instruction and make policy 
decisions. Each situation has its own specificities that 
should be taken into account in assessment activities.

Particular areas of attention include the recogni-
tion that some competencies are specific to certain 
countries and cultures, concepts are foundational for 
proficiency in numeracy, and informal concepts and 
skills are needed to make sense of formal mathematics. 
These findings have applications in both assessment 
and instruction, particularly in low income countries 
where scarce educational resources need to be maxi-
mized and children’s strengths in numeracy are often 
overlooked.   

Question 2:  What are the current practices in 
the assessment of early grade 
numeracy learning outcomes?

In this section, we address current practices in the 
assessment of early grade numeracy. First, we provide 
an overview of five different types of assessments used 
with primary school students. We broadly describe 
each type, including their purposes, uses, subject areas, 
strengths, and weaknesses. We make reference to their 
applicability in low income countries. 

Second, we discuss each of these types of assessments 
in relation to program evaluation, which is one of the 
main uses of assessment in international education-
al development. In particular, the assessments are 
examined in terms of their suitability in measuring 
changes in student learning as a result of an interven-
tion. Third, in a related topic, we discuss which of these 
assessments can be best used in policy dialogue to 
promote numeracy in low income countries.

A.  Types of assessments, 
with their purposes, 
strengths, and weaknesses

Kellaghan and Greaney (2003, 2004) classified assess-
ments in four categories: public examinations, nation-
al assessments, international assessments, and class-
room assessments (also called school-based, formative, 
or continuous assessments). They saw assessments as 
satisfying four needs:

1. For describing the knowledge and skills that con-
stitute a quality education;

2. For measuring student achievement;
3. For evaluating progress toward the goal of a quali-

ty education; and,
4. For translating assessment data into policy and 

instructional procedures that will improve the 
quality of learning.

With the recent development of short assessments for 
the early grades, we have added the additional catego-
ry of diagnostic assessments. Each of the five catego-
ries is described below on the basis of the purpose of 
the assessment and of the administrative procedures 

for the assessment. In addition, the use of the assess-
ment information is different for each category, both 
in terms of making management decisions and using 
the information to improve classroom instruction and 
student achievement. 

For a donor agency, the main purpose of an assess-
ment has traditionally been in the areas of evaluating 
the impacts of programs and monitoring system 
performance. However, the use of assessment to 
improve instruction and achievement has taken on 
increasing importance as more information has been 
published about the low learning levels of children in 
low income countries, particularly in the basic skills 
of literacy and numeracy. For instance, there has been 
some discussion of whether high-stakes examinations 
are promoting learning and whether enough attention 
is being given to classroom-based assessment, even 
though promoting classroom assessment necessarily 
implies expensive in-service teacher training and 
follow-up supervision and mentoring. 

These issues will be discussed in the following sections. 
We begin by listing the five categories of assessment 
and providing information on their purpose/use, 
strengths, and weaknesses. We also cite a few examples 
from low income countries where appropriate.

Public examinations

1. Purpose/use: Curriculum-based, census-based, 
summative assessment for selection, promotion, 
certification, and/or retention of students; can be 
all subjects in the curriculum.

2. Strengths: Government certified, publically 
accepted, sustainable, system accountability, 
promotes curriculum mastery, may cover many 
subjects.

3. Weaknesses: Not usually focused on early grades, 
expensive, time-consuming, takes away instruc-
tional time, stressful, may be some issues with test 
security and fairness, lack technical properties 
to track results over time, may cover too many 
subjects.
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4. Examples: Most low income countries, particu-
larly where there are limited places at the upper 
levels of education (e.g., lower secondary, higher 
secondary, and tertiary).

National assessments

1. Purpose: Curriculum-based, sample-based, 
summative assessment for system evaluation, 
policy analysis, trend analysis, and instruction-
al improvement; usually focused on language, 
mathematics, and science.

2. Strengths: Relatively high quality, sometimes 
administered at both lower and upper primary 
grades, often well-funded, international support, 
may be sustainable if funding is stable.

3. Weaknesses: Not usually focused on early grades, 
only administered every few years, may be some 
issues with capacity necessary to implement 
assessments without international technical sup-
port, may not be sustainable if funding is unstable.

4. Examples: Egypt, Ghana, Namibia, Pakistan, Viet-
nam, and Zambia.

International assessments

1. Purpose: Based on international standards, 
sample-based, summative assessment for system 
evaluation, policy analysis, international compar-
isons, trend analysis, and instructional improve-
ment; usually focused on language, mathematics, 
and science.

2. Strengths: High quality tests, international com-
parisons, strong sampling, international technical 
and financial support (more so for the internation-
al assessments rather than the regional assess-
ments), trend analysis, may be sustainable if fund-
ing is secure and stakeholders provide support.

3. Weaknesses: Often targeted to Grade 4 and 
above, expensive, may or may not be aligned with 
national curricula, can be demoralizing since low 
income countries tend to have low scores, par-
ticipation may not be sustainable if public rejects 
findings and/or funding is unstable.

4. Examples: TIMSS (international), PIRLS (interna-
tional), SAQMEC (Anglophone and Lusophone 
Africa), PASEC (Francophone Africa), MLA (inter-
national), and LLECE/SERCE (Hispanophone and 
Lusophone Latin America).

Classroom-based assessments

1. Purpose: Curriculum-based, census-based, forma-
tive assessment for examining student strengths 
and weaknesses, targets classroom instruction, 
materials development, and improved student 
learning; can be developed for all subjects in the 
curriculum, but might be better suited for a few 

key subjects (language, mathematics, science).
2. Strengths: Most beneficial for instructional and 

learning improvement, may be used for records 
and grades, different models depending on con-
text, curriculum-based, should be aligned with 
materials development and training programs, 
should be sustainable if the design includes ex-
tensive training and planning for scale-up.

3. Weaknesses: Usually not standardized, quality 
may vary, requires teacher training, may require 
substantial materials development, may not be 
sustainable if it is not well-integrated into existing 
policies, programs, and systems.

4. Examples: Honduras, Namibia, and Zambia.

Diagnostic assessments

1. Purposes: Non-curriculum-based, sample- or 
census-based, obtain a standardized score, once or 
twice per year (e.g., beginning and end) for exam-
ining student strengths and weaknesses, targeting 
instruction, and placing students in remedial 
programs; focuses on a few subjects (language, 
mathematics).

2. Strengths: Gather data on early learning, may pro-
vide results that are parent-friendly, may impact 
changes in curriculum and instruction; can focus 
on a few indicators and/or calculate a total score 
with performance categories for students.

3. Weaknesses: Traditionally not part of the system 
in low income countries, quality of administra-
tion may vary (even if standardized), tends to be 
top-down.

4. Examples: EGMA (DR Congo, East Timor, Iraq, 
Jordan, Kenya, Liberia, Mali, Morocco, Rwanda, 
and Zambia), TEMA (Benin, Haiti, and Macedonia), 
ASER (India and Pakistan), and UWEZO (Kenya, 
Tanzania, and Uganda).

B.  Types of assessments 
in relation to program 
 monitoring and evaluation

Many of the five categories of assessments may be used 
for program evaluation, though they must be targeted 
for this purpose. More commonly, new assessment in-
struments and procedures are developed for program 
evaluation purposes since the interventions may be 
somewhat specialized, both in terms of content and 
geographical coverage. In brief, the appropriateness 
of the five types of assessment for program evaluation 
purposes is summarized below.

Public examinations

These assessments are usually not well suited for pro-
gram evaluation since they are generally norm-refer-
enced and not statistically equated across administra-
tions. With norm-referenced assessments, percentile 
ranks mean that scores for one group must go down 
for another group to go up, so improvement is based 
on standing relative to other schools or districts (rath-
er than based on a criterion, meaning that any schools 
can go up or down depending strictly on performance 
in relation to standards rather than depending on the 
performance of other schools).

In addition, part of the purpose of public examina-
tions is selection to the next level of education, which 
implies that there are limited spaces. It would be next 
to impossible to show improvements in the number 
of passing students since that number is more or less 
fixed in relation to the available places at the next level 
of education. 

Without statistical equating, scores cannot be accu-
rately compared across administrations (since there is 
no equivalence in terms of difficulty of test forms).

National assessments

These assessments may be appropriate for program 
evaluation, since they are criterion-referenced and 
they are usually (or should be) equated for difficulty 
over time. However, the grade level(s) and subject 
area(s) of the national assessment must correspond 
with those of the program interventions, which is of-
ten not the case. Another problem is the timing of the 
assessments, so it is unlikely that a baseline, midline, 
and endline for an intervention will correspond with 
the dates for the national assessment. A final problem 
is that the sampling for the national assessment needs 
to correspond with the schools or districts in the in-
tervention, which is rarely the case. In other words, the 
national assessments are usually on a timeline, such as 
every three years, while projects can start and end at 
any time.

International assessments

These assessments may be applicable to program 
evaluation, though they have the same problems as 
national assessments, and are even less flexible since 
the assessment period needs to correspond with the 
plans of the international planning group and the 
assessments of other countries. Also, again even more 
so than the national assessments, the international 
assessments have fixed subject areas, which might not 
correspond with the subject areas in the intervention. 
Another problem is that they are based on interna-
tional learning standards, so the material taught in 

a particular country may or may not correspond to 
those standards. Finally, as with national assessments, 
the sampling needs to cover the intervention schools 
and districts, and the sampling plan may or may not 
correspond with the guidelines of the particular inter-
national assessment.

Classroom assessments

These assessments are generally not suited for pro-
gram evaluation since they do not usually involve 
conducting standardized tests. Exceptions might be if 
the classroom assessment program specifies particular 
tests for administration at a few points in the year, 
such as at the end of each term. There would still be a 
potential problem of standardization – printing, test 
administration, test security, scoring, etc. Particularly 
well-suited would be the more recent Teacher EGRAs 
and EGMAs, which are designed to be administered, 
scored, and recorded by the classroom teacher according 
to standardized guidelines. They also have the potential 
to be aligned with the curriculum and/or project-sup-
ported interventions. A key would be to evaluate the 
assessments to see whether they have adequate psycho-
metric properties. In addition, classroom assessments 
might have some contribution to make in qualitative 
program evaluations through observations, questioning, 
and interviews; these instruments may be combined 
with a Teacher EGRA in order to have both quantitative 
and qualitative information for a program evaluation.

Diagnostic assessments

These assessments can be used for program evaluation. 
Steps should be taken in the construction or adapta-
tion of the tests so that they align with the interven-
tions, i.e., the grade levels and specific objectives in the 
curriculum. They also need to be administered in a 
standardized format so that comparisons can be made 
across schools and students. The versions of the diag-
nostic assessments should have adequate psychomet-
ric properties (e.g., high internal consistency reliability) 
and content coverage (and alignment to the training, 
curriculum, textbooks, etc.) so that they are valid for 
program evaluation purposes.

C.  Types of assessments in 
relation to policy dialogue

The five types of assessments should all be a part of the 
education policy of a country. The assessments must 
be implemented as planned so that they can fulfill 
their purpose. The details on each assessment and 
how it can be used to improve the quality of students’ 
learning is a critical topic for discussion at the highest 
levels of the Ministry of Education. 
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Some of the current trends on the use of each type of 
assessment and implications for policy dialogue are 
discussed below.

Public examinations

These assessments have been the most important type 
of assessment in many countries over the past several 
decades. They play an important role in certifying 
student achievement and selecting students for higher 
levels of education. At the primary school level, the 
examinations always include a test on mathematics. 
In terms of early mathematics, the examinations are 
not applicable since they are administered at the end 
of the primary school cycle. The knowledge and skills 
that children acquire at the early grades clearly has an 
effect on performance at the end of primary school 
(Duncan et al., 2007) but the examinations do not pro-
vide a performance measure in early numeracy. 

These examinations are often criticized for only mea-
suring the kinds of knowledge and skills that students 
need for the next cycle, rather than covering the kinds 
of competencies that students need to know if they are 
terminating their education, i.e., not going to the next 
cycle, which in many countries is most of the students. 
For instance, there is often little coverage of everyday 
mathematics that children need for their life outside 
of school. The tests also tend to measure much rote 
memory and lower level cognitive skills.

The high-stakes element of public examinations can 
have positive and negative influences on learning. 
Most students study hard for the tests, but at the same 
time this effort spent on preparation leads to a focus 
on extrinsic rather than intrinsic rewards (Kellaghan & 
Greaney, 2003). Several months in the terminal grade 
levels (e.g., grade 6 for primary school) can be spent 
on exams preparation. Teachers often concentrate on 
those students who have the best chance for success 
rather than providing instruction for all students.

Policy makers have decisions to make in terms of the 
emphasis placed on public examinations. In even a 
medium-sized country, the examinations can cost 
millions of dollars. There is a necessity in most low 
income countries to have some kind of selection mech-
anism since the number of places at the next cycle of 
education is usually limited, with as few as one-fourth 
of students proceeding to secondary school in some 
countries. Other types of assessment are likely better in 
terms of promoting learning for all students, especially 
those who stop their schooling in primary school.

Technically, the public examinations could often 
benefit from better alignment with the curriculum, 
pilot testing so that the best items can be selected for 
the operational (final) test forms, test equating so that 

results can be compared from year to year, and better 
security measures. In mathematics, there should be 
greater links to practical numeracy and the kinds of 
knowledge and skills that children need to succeed 
outside of school and in the workplace.

National assessments

These assessments are relatively new for most countries. 
The focus is on the system rather than on individual 
students. National assessments came to the forefront in 
the 1990s as the result of an almost exclusive focus on 
educational inputs – numbers of teachers trained, num-
bers of textbooks produced, etc. – without information 
on outcomes, including the achievement levels of 
students and the number of students finishing a cycle of 
education. The implementation of national assessments 
was designed to provide more information to planners 
and policy makers on outcomes. 

National assessments are often administered at an 
upper primary and a lower secondary grade level. For 
most countries, the assessments cover grades 4 or 5 
and grades 7 or 8. Students are sampled at those grade 
levels to participate in the assessment, and the results 
are generalized to the population. They almost always 
include measures of mathematics. Data are correlated 
to demographics and other survey information to add 
a contextual element to the test scores. Unlike public 
examinations, national assessments offer the oppor-
tunity to look accurately at trends or changes in scores 
over time. This kind of information is vital to policy 
makers, which, in fact, is the main purpose for the 
assessments. 

There has been a trend to use diagnostic assessments 
at the earlier grades, sometimes on a national basis. 
For most countries, the target group is grades 1 to 4. 
This can provide a valuable set of information on early 
learning, particularly in terms of identifying areas of 
difficulty so that interventions can be developed and 
implemented. This avoids past practices of waiting 
until the end of the cycle for large-scale assessment 
information, at a point in time when unfortunately it 
is too late to help most students. 

International assessments

These assessments differ from national assessments in 
that they offer comparative information on a country’s 
performance relative to that of other countries. The 
best international assessments also offer rich infor-
mation on the curricula of different countries, such 
as whether a particular country is teaching a topic at 
the same time as in high-achieving countries. This is 
important in numeracy, in which children need to be 
challenged at particular grade levels with relevant and 
appropriate content.

The comparative aspect, both in terms of test scores 
and curricula, provide policy makers with vital in-
formation for analysis and dialogue. For instance, if 
a country places below its neighbors, the country has 
that information as a starting point, but it also knows 
something about the curriculum areas in which stu-
dents do not perform well. Policy makers can ask for 
changes to the curriculum and instruction of a coun-
try. For instance, low scores in mathematics might be 
due to an issue with the curriculum or something that 
needs to be changed in instruction.

The issues cited above with national assessments 
generally apply to international assessments. The 
IEA (International Association for the Evaluation of 
Educational Achievement) has recently announced the 
development of TIMSS Numeracy 2015, which will tar-
get knowledge and skills that children should develop 
in lower primary school. The test would also be a pa-
per-and-pencil complement to the orally administered 
diagnostic assessments that are administered in many 
countries. TIMSS Numeracy will provide valuable 
information to countries, particularly the low income 
countries that do not traditionally have large-scale 
assessments in the early grades. The IEA will produce 
reports that analyze policy-related factors associated 
with assessment results, such as curriculum coverage, 
teacher effectiveness, student attitudes, and parental 
involvement.

Classroom assessments

These assessments are not commonly used in policy 
dialogue since they are school-based and the infor-
mation is not (and cannot be) aggregated at a national 
level. However, they deserve much more attention 
than they are currently receiving. In fact, some experts 
believe that classroom- or school-based assessments 
should take the place of public examinations at the 
primary school level. The negative effect of exam-
inations could be eliminated if competencies in the 
curriculum can be validly assessed at the school level 
(Kellaghan & Greaney, 2003). 

Early numeracy is one of the main subjects for class-
room assessment. While most of the assessments are 
through daily interaction with children – observa-
tions, questioning, classwork, and homework – there 
are ample opportunities to administer quizzes at the 
end of each month. This information can be used in 
combination with end-of-term and end-of-year tests, 
to provide valid and reliable information for grade 
cards. Even though this process is not standardized 
across schools, the information can provide a valuable 
component for policy dialogue. An increasing number 
of countries are promoting school report cards as a 
way of informing school officials and parents of the 
situation in a school in a given year, which should then 

assist in the planning process for the following year 
and beyond.

Diagnostic assessments

These assessments are the most recent part of as-
sessment programs in many countries. In spite of the 
relative newness of diagnostic assessments, they are 
rapidly being used in policy dialogue. Many of these 
assessments are sample-based and take 10-15 minutes 
to administer in a standardized format, thus the infor-
mation can be aggregated to a regional and/or national 
level. This makes it possible to conduct policy analysis 
and dialogue by all stakeholders, and for policy makers 
to take note when numeracy levels are low. 

Diagnostic assessments, along with classroom as-
sessments, are perhaps the least well known of the 
five types of assessment, but they offer much poten-
tial for educational policy. Both assessments can be 
instrumental in gathering information at the early 
grades, which is the most important time to recognize 
children’s strengths and weaknesses in numeracy and 
develop interventions that can provide benefits in the 
short and long terms.

Summary

All of the different types have some use in policy 
dialogue, though some more than others, and the 
purposes and kinds of information are different. In 
addition to collecting valid and reliable informa-
tion, perhaps the most important message for using 
assessments in policy dialogue is that the information 
has to be timely and presented in an understandable 
manner. If not, policies involving assessment will have 
very little impact on learning. Assessment information 
can improve policy by providing indicators on the out-
comes of education, which can reshape critical pieces 
of an instructional program such as the curriculum 
and teacher training.

Two main efforts are required for effective policy 
analysis and dialogue. First, the assessment systems 
must be coordinated at a national level and aligned 
with all aspects of the system – teacher training, cur-
ricula, textbooks, and the capacity to absorb students 
at higher levels. Second, assessment information must 
be processed and presented in a way that can be useful 
for school personnel, who then must use the infor-
mation to improve instruction and learning, as well as 
increase parental involvement in their children’s early 
education. 
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Question 3:  What (low-cost, effective, and 
easily applicable) early grade 
numeracy assessment tools are 
available?

In this section, we select three well-known and widely 
used assessments (EGMA, TEMA, and ASER/UWEZO) 
that focus on young children’s early numeracy. We 
provide a discussion of the needs addressed by each 
test, the test development process, the competencies 
that the instrument addresses, the types of items, 
administration procedures, scoring, score interpreta-
tion, strengths, weaknesses, and recommendations for 
improvement. We also build on the previous section 
of this study by listing where these assessments have 
been used in low income countries.

We then compare the three assessments, using a com-
mon framework as a reference point, by content area. 
We consider the question of whether these assessment 
tools are sufficient for use in developing country 
contexts. We discuss whether new tools are needed, or 
whether these tools are adaptable enough for differ-
ent contexts. We provide additional discussion on the 
importance and need for the development and adapta-
tion of tools for classroom-based assessment. Finally, 
we conclude this section with comments about tech-
nology and numeracy assessment.

A.  Characteristics of 
 low-cost, effective, easily 
applicable assessment 
tools

The three tests are presented below, with a description 
of the tests using the features listed in the introduction 
to this section. 

EGMA

1. Needs Addressed: EGMA was developed by a 
team of consultants under the leadership of RTI 
International in 2010 with funding from USAID 
and the World Bank to address the need for an 
early mathematics diagnostic assessment in low 
income countries. It was a follow up to the success 
of Early Grades Reading Assessment, which was 

developed starting in 2005. The main purpose was 
to provide information that would spur policy dia-
logue around numeracy, and eventually interven-
tions to improve young children’s mathematics.

2. Test Development: Steps in the EGMA devel-
opment process included the following: 1) an 
extensive literature review that established an 
assessment framework; 2) the formation of a group 
of early mathematics experts to discuss skills and 
tasks; 3) the development of a draft instrument, 
followed by piloting and revisions; 4) the imple-
mentation of the instrument (thus far in 11 coun-
tries), including adaptations for different contexts; 
and 5) the re-convening of the expert panel to 
review the implementation and make recommen-
dations for refining the tasks and instructions.

3. Competencies and Items: Competencies mea-
sured by the instrument include both conceptual 
understanding and skills (i.e., procedural fluency/
automaticity). There is less focus on informal 
mathematics. As mentioned in the sections above, 
the core EGMA instrument currently has seven 
subtasks, each of which has multiple parts. Two of 
the sections are timed, e.g., the child has one min-
ute to complete the task. Note that other items 
involving oral counting, one-to-one correspon-
dence, and number lines have been used in the 
past but are not included in the most recent core 
version of the test. 
• Number Identification (Timed): Reading num-

bers of 1- to 3-digits.
• Quantity Discrimination: Stating which number 

is greater in value.
• Missing Numbers: Filling in missing numbers 

by using patterns.
• Addition and Subtraction Problems (Timed): 

Performing addition and subtraction calcula-
tions for both 1- and 2-digit numbers.

• Addition and Subtraction Word Problems: Solv-
ing word problems involving all of the basic 
operations from real life situations.

• Relational Reasoning: Using logic, such as the 
commutative property, to solve addition and 
subtraction problems.

• Spatial Reasoning: Visualizing spatial patterns 
and mentally manipulating them.

4. Administration Procedures: The instructions 
for EGRA begin with telling the child about the 
assessment and trying to make the child feel at 
ease. The assessor then fills in information about 
the child on the instrument and begins with the 
items. Each item has its own set of instructions. 
The assessor stops the administration of the item 
if the child answers a successive number of parts 
incorrectly or if the child delays for more than 
a few seconds. If the item is timed, the assessor 
needs to use a stopwatch. On some of the items, 
there is a practice item so that the child has a 
better idea of what they are supposed to do.

5. Scoring: Each item is scored using a standard 
protocol. The assessor notes the item scores on a 
score sheet.

6. Reporting: Scores are reported in terms of num-
ber correct and number correct out of one minute 
(for the timed items). Some analysts have created 
percentage correct scores and grand means for a 
total score on the assessment. All scores are crite-
rion-referenced.

7. Strengths: Strengths of the instrument include 
high face validity, with universal tasks that 
represent a progression of foundational skills; 
the possibility for context-specific adaptations; 
measurement of both concepts and skills; better 
reliability through oral, one-to-one administra-
tion; and proven ability to “measure the pulse” of 
the general level of children in early mathematics 
in low income countries.

8. Weaknesses: Weaknesses of the test include 
relatively high costs for administration, since only 
about 20 children can be assessed in one day by 
a test administrator; improbability of being able 
to collect data on each student, which would be 
useful for diagnostic assessment; lack of devel-
opment on a country-specific basis, so alignment 
to the curriculum for individual countries must 
be done on a post hoc basis; lack of familiarity by 
most countries with oral administration, so initial 
discussions with education officials and training 
needs can be extensive; and issues with sustain-
ability (in light of the other weaknesses).

9. Suggestions for Improvement: Suggestions for 
improvement are in the areas of implementation 
and sustainability. For instance, up to this point, 
there have not been examples of low income 
countries that have implemented the assessment 
completely with their own funds and personnel. 
There are issues with disseminating the data and 
using it for instructional improvement.

10. Countries of Implementation: Of the tools 
described in this section, the EGMA instrument 
has been used in perhaps the most low income 
countries – eleven at last check. These include DR 
Congo, East Timor, Iraq, Jordan, Kenya, Liberia, 
Mali, Morocco, Rwanda, and Zambia. Different 

versions of the basic seven-component EGMA 
have been implemented in these countries. 
However, validity and reliability studies are not 
as extensive as with TEMA and its contribution 
to policy dialogue is only at the beginning stages. 
EGMA has the same kind of potential as its sister 
instrument (EGRA) in educational policy analysis.

TEMA

1. Needs Addressed: The first version of the TEMA 
(Ginsburg & Baroody, 1983) was developed in re-
sponse to two needs in early mathematics. These 
were for a test that would: 1) identify children in 
grades K to 3 with difficulties in learning mathe-
matics; and 2) provide useful information about 
the mathematical strengths and weaknesses of 
children, both with and without learning diffi-
culties. Since the initial publishing of the TEMA, 
three additional purposes for the instrument 
have evolved: 1) suggest instructional practices 
for children; 2) document children’s progress in 
learning mathematics; and 3) serve as a measure 
in research projects.

2. Test Development: Steps in the development 
process included: 1) identify items from research 
studies by the authors and other researchers 
on children’s informal and formal mathemati-
cal knowledge; 2) pilot the items; 3) develop an 
initial version of the instrument; 4) finalize the 
instrument; 5) write instructions for test admin-
istration; 6) collect reliability and validity data; 
and 7) create a norm group based on a represen-
tative sample of children in the U.S. In response 
to critiques by test reviewers, including in widely 
accepted publications such as the Mental Mea-
surements Yearbook, the instrument has since 
gone through two major revisions. The current 
instrument is the TEMA-3.

3. Competencies and Items: The latest version of 
this instrument, the TEMA-3, has 72 items. This is 
an increase from the original TEMA, which had 50 
items. The items measure children’s informal and 
formal mathematics. Each item is administered 
individually to the children. Some of the items 
have multiple parts. The content domains tested 
by the TEMA-3 are the following:
• Numbering (Informal): 23 items
• Number Comparisons (Informal): 6 items
• Calculation (Informal): 7 items
• Concepts (Informal): 4 items
• Numeral Literacy (Formal): 8 items
• Number Facts (Formal): 9 items
• Calculation (Formal): 10 items
• Concepts (Formal): 5 items
There are a total of 40 informal items and 32 
formal items. The TEMA documentation gives 
descriptions of each of the item domains and 



Assessment of Learning Outcomes with Reference to Early Grade Numeracy in Low Income Countries22 23Question 3:  What (low-cost, effective, and easily applicable) early grade numeracy assessment tools are available?

even of the individual items. On the test form, the 
items in the test are arranged in order of difficul-
ty, so that many of the informal numbering items 
appear at the beginning of the test while many of 
the calculation items are more toward the end of 
the test. The test is not timed.

4. Administration Procedures: The TEMA kit 
consists of an examiner’s manual, a picture book, 
profile/examiner record booklets, and manipu-
latives (for a few of the items). As with EGRA, the 
assessor begins with a set of simple instructions. 
The assessor then fills in information about the 
child on the instrument and begins with the 
items. Each item has its own set of instructions. 
A unique feature of the TEMA is that there are 
different entry points depending on the age of the 
child. The youngest children (age 3) begin with 
item #1, but children of other ages begin at differ-
ent points in the test. The assessor also establishes 
a basal (a lower bound) and a ceiling (an upper 
bound) for each child. Both the different start-
ing points and the establishment of a basal and 
ceiling are designed to reduce the administration 
time while obtaining valid scores. On some of the 
items, there is a practice item so that the child has 
a better idea of what they are supposed to do.

5. Scoring: Each item is scored as either right or 
wrong. There are criteria for making scoring 
judgments. These criteria are explained in the 
examiner’s manual, but are also noted on the 
score sheet. The assessor calculates a total score 
for each child.

6. Reporting: The TEMA allows for different types 
of score interpretations. In addition to a total 
score, there are tables for calculating grade level 
equivalents and a math “IQ” score, with a mean of 
100 and a standard deviation of 15. These types of 
norm-referenced scores are perhaps more useful 
for children in high income countries, but they 
also provide a yardstick by which to judge the 
competencies of children in low income coun-
tries. In research conducted in Benin, for instance 
(Davis, 1992), the scales were useful in making 
cross-national comparisons.

7. Strengths: The main strength of the instrument is 
its basis in Piagetian and research-based devel-
opmental psychology of how young children 
learn mathematics. This includes testing both 
conceptual and procedural knowledge and skills. 
Another strength of the instrument is to provide 
information on both informal and formal math-
ematics of young children. These strengths are 
complemented by other features beyond those 
of other assessments, such as comprehensive 
information on validity and reliability, multiple 
score interpretations (e.g., scale scores, norm-ref-
erenced scores, grade level equivalents, math IQs), 
alternate equated forms, supplemental materials 

(e.g., a book on assessment probes and instruc-
tional activities), and DIF studies (differential item 
functioning, to check for item bias).

8. Weaknesses: Weaknesses of the instrument are 
related to its length. A typical administration to a 
child can take up to 30 or 40 minutes. To cut down 
on administration time, the TEMA developers 
created a way of setting a basal and a ceiling, if the 
child has correctly answered or incorrectly an-
swered 5, then the basal or ceiling is set. This can 
be confusing to some test administrators, even 
after training. It is not curriculum based but does 
have strong ties to many curricula. It also loses 
many of its strengths when it is adapted, such as 
the scales.

9. Suggestions for Improvement: The TEMA has 
gone through substantial revisions and has an-
swered many of the issues posed by critics. These 
include using manipulatives for various tasks, 
printing the picture book in an easel format, pro-
viding explicit descriptions of items, improving 
the recordkeeping systems, and the using linear 
test equating for parallel forms.

10. Countries: The TEMA instrument has been in 
print for the longest period of time and has been 
used in several countries outside of the U.S., 
including in Africa, Asia, the Caribbean, and Eu-
rope. It has been used extensively in research and 
program evaluation, though we did not find direct 
evidence of its contribution to policy dialogue in 
low income countries. 

ASER/UWEZO

1. Needs Addressed: The ASER center in India, 
under Pratham, developed a household-based, 
locally administered national level assessment 
in basic literacy and numeracy. It is currently the 
only data source on elementary school children’s 
learning levels in India. These assessments were 
developed out of a need to provide independent 
evidence of children’s progress towards learn-
ing basic literacy and numeracy skills in India. 
UWEZO has adapted the ASER assessments for 
use in East Africa, and ASER tools are currently 
being used in Pakistan.

2. Test Development: ASER began to collect data in 
2005 using internally developed tools. The tools 
are aligned to the Grade 1-4 curriculum, and are 
individually administered. The measures have 
been validated through several studies. The ASER 
study also includes information on infrastructure, 
school enrolment, and attendance.

3. Competencies and Items: The ASER assessment 
has used a core set of tasks from 2005 to 2011, 
which were given to all children between the ages 
of 5-16. There have been other tasks that were 
used infrequently. For example, in 2006, ASER 

used word problem items involving subtraction 
and division. In 2007 and 2008, there were word 
problems with currency and telling time. In 2010, 
there were calendar, area, and estimation tasks. 
The core tasks given every year are:
• Number Recognition: 1-9
• Number Recognition: 11-99
• Subtraction: 2-digit numbers with borrowing
• Division: 3-digit number by a 1-digit number 

with remainders
4. Administration Procedures: ASER recruits a large 

number of volunteers from NGOs, citizen groups, 
and educational and government institutions to 
assess children each year. ASER provides a short 
document explaining the assessment procedures. 
For example, the assessor is told to begin with 
the subtraction problem; if the child gets two 
incorrect responses in a row, the assessor moves 
to number recognition tasks 11-99.

5. Scoring: For each set of items (i.e., subtraction 
problems), the assessor determines if an answer 
is correct or incorrect, which then determines 
the subsequent problems given to the child. If a 
child solves a certain number of problems in a 
set correctly, he/she is scored as “a child that can 
do subtraction.” If a child cannot solve a certain 
number of problems correctly, he/she is scored as 
“a child that cannot do subtraction.”

6. Reporting: The assessor scores each assessment 
as it is being done. Then, community members 
gather and create a village report card, which has 
information on enrollment, attendance, and basic 
learning for all children in the village. Based on 
this information, next steps are planned by the 
community.

7. Strengths: The assessment tools are easy to use 
by volunteers with minimal training. The results 
are generated quickly and are easy to interpret, 
and can provide immediate feedback to teachers, 
parents, and other invested in education. Due to 
ease of use, manner of implementation, and low 
cost, ASER assessments are easily scalable (they 
currently assess about 700,000 children annually). 
Because ASER assessments are designed as a tool 
that can be used by anyone, it encourages par-
ents/local community members to take responsi-
bility for children’s learning.

8. Weaknesses: The ASER tools measure largely 
procedural knowledge, without focusing on con-
ceptual knowledge. The tools also focus largely on 
formal mathematics. There may also be problems 
with implementation due to scale and use of min-
imally trained volunteers to assess children.

9. Suggestions for Improvement: The ASER assess-
ment model can be a powerful model that reaches 
a large number of children while at the same time 
encouraging community awareness to improve 
education. In terms of improvement, the tools 

may need to be modified to include conceptual 
understandings as well as informal mathematics.

10. Countries: The ASER/UWEZO instrument has 
been used in India, Pakistan, Kenya, Tanzania, and 
Uganda. In India, in particular, ASER reports are 
oriented toward not only improving classroom 
learning but also toward improving educational 
policy. For instance, in one of their reports, they 
present low results on literacy and numeracy 
assessments and then state that the policy makers 
should put more funding into better instruction 
and invest less in infrastructure.

B.  Comparison of the 
 assessments by content 

This section addresses the content of the four assessments 
(ASER and UWEZO separately) by comparing them to 
each other according to the different competencies in the 
Common Core State Standards. These standards define 
the numeracy topics that should be taught in the U.S., and 
they are a reflection of the most up-to-date international 
research on early grade numeracy competencies. 

For grades K-2, the Common Core State Standards are 
divided into three domains: 1) counting and cardinal-
ity; 2) operations and algebraic thinking; and, 3) num-
ber and operations in base-10. The domain of counting 
and cardinality includes using numbers and written 
numerals to represent quantity and solve problems. 
Operations and algebraic thinking includes using 
written symbols to represent problems, comparing 
numbers, and composing and decomposing numbers. 
Number and operations in base-10 is about place 
value, understanding the organization of the number 
system, and using this understanding to solve addition 
and subtraction problems. The domains are further 
divided into sub-domains that provide guidelines on 
what children should be able to do in grades K-2. The 
domains and sub-domains are listed in the table below. 
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Domains Sub Domains EGMA TEMA ASER UWEZO

Counting and Cardinality
Count to tell number of objects X X

Compare numbers X X

Operations and Algebraic 
Thinking

Understand addition and 
 subtraction

X X

Solve problems with addition 
and subtraction

X X X X

Number and Operations in 
Base-10

Read and write numerals X X X X

Extend counting sequences X X

Understand place value X

Use place value to add and 
subtract

X X X X

Based on this list of competencies, we review which 
of these competencies current early grade numeracy 
assessments cover. It is important to keep in mind 
that, of course, not all of these competencies need to 
be measured by one assessment. It is also important 
to note that some competencies may be assessed in 
different ways (e.g., through classroom observations, 
through curriculum-based assessments) rather than 
through standardized diagnostic instruments.

The most comprehensive assessment is the TEMA, 
which is not surprising since it is twice as long as any 
of the others (i.e., about 30-40 minutes for the test ad-
ministration) and is strictly based on current research 
in mathematics education. EGMA covers most of the 
Common Core subdomains, while ASER and UWEZO 
(the shortest of the assessments) each have content in 
fewer subdomains.

The EGMA test had counting in its first iteration, but it 
was eliminated in the second version due to children’s 
high performance. Place value is not specifically 
addressed. The ASER and UWEZO tools only measure 
number and computation skills.

C.  Need for further 
 development of existing 
tools

While each of the tools described in this study has 
many advantages, there are needs for further devel-
opment, which in fact is recognized by the authors of 
each of the tools. EGMA is now on its second version, 
with the elimination of oral counting and one-to-
one correspondence (see above), and the addition of 
relational reasoning and spatial reasoning. The TEMA 
is currently in its third edition, with the addition of 

more informal mathematics items. ASER and UWEZO 
have different versions of their instrument. The EGMA, 
ASER, and USWEZO instruments are more flexible 
than TEMA, and the authors encourage adaptations to 
fit the needs of local contexts. The process of refine-
ment for each of the core instruments is iterative, 
based on the current research in early numeracy. 

One area that will likely appear more on future ver-
sions is higher-level cognitive skills, including more 
conceptual and problem solving skills. Another area of 
growth is informal mathematics, as in the TEMA. It is 
possible that future versions of EGRA, ASER, UWEZO 
might include more measures of informal learning; 
this is particularly the case if their developers would 
like for their instruments to be used with younger 
children, i.e., kindergarten or pre-school. 

Another area of adaptation will be in the use of 
technology for administering the instruments. This 
will happen for several reasons. One, the technology 
(e.g., for tablets, netbooks, cell phones, and PDAs) is be-
coming less expensive each year and the devices have 
more capabilities. Two, the data entry becomes more 
straightforward and less burdensome if the children’s 
responses can be entered electronically. Third, there 
are some items that can more easily be administered 
using technology. For instance, in the development of 
the EGMA, the expert panelists recommended includ-
ing an item on number lines. However, the number 
line task recommended was generally administered 
using a computer. The panelists adapted the number 
line task for paper-and-pencil use, but it was eventu-
ally discarded due to difficulties in obtaining accurate 
scores using the paper-and-pencil version. These kinds 
of problems will likely have viable technology-based 
solutions, which can be applied in either high or low 
income countries, in the near future (see part E of this 
section). 

A final area is expanding items to include situations 
such as those found in business, health, and other 
practical areas. The recent UNESCO/Brookings inter-
national standards had a focus on practical numeracy 
for primary school children. Items may need to be de-
veloped which assess children’s understandings of the 
practical applications of numeracy, such as operations 
with currency.

D.  Need for development 
of whole new tools

The existing tools cover the needs for diagnostic and 
summative mathematics assessments. While some of 
the tools need improvement, and others could benefit 
from more stable funding (e.g., the regional assess-
ments), the basic instruments and procedures are in 
place. Most of the existing tools are somewhat flexible, 
so that the items can be changed while maintaining 
the basic structures of the instruments. 

In contrast, the other main category of assess-
ment – formative (classroom) assessment – is the 
least discussed and has the strongest need for more 
development. The remainder of this subsection is 
devoted to providing more information on formative 
assessment, including evidence, implementation, and 
policy implications. 

Formative assessment

Formative assessment (also called school-based, class-
room, and continuous assessment) has high potential 
for raising achievement levels in early mathematics. 
Black and Wiliam (1998) concluded that there is “no 
other way of raising standards (achievement) for which 
such a strong prima facie case can be made.” Kellaghan 
and Greaney (2003) wrote that while formative assess-
ment has “attracted the least attention in proposals to 
use assessment to improve the quality of education, it 
is likely to have a greater impact on student learning 
than any other form of assessment.” 

The reason for formative assessment’s potential is that 
it is at the heart of effective teaching and improved 
student learning. Achievement is driven primarily by 
what teachers and students do in the classroom. The 
tasks of the teacher are complicated and demanding – 
they involve managing 30 or more children, delivering 
instruction, and addressing individual needs. Learning 
outcomes in numeracy can be improved only if the 
teacher is able to gather information on student be-
havior and use that information to organize daily tasks 
and deliver instruction more effectively. 

In addition to using formative assessment informa-
tion to improve learning, there is a concern about the 
fairness of evaluating students by only using summative 
assessments. In extreme situations, particularly in low 
income countries, students are only evaluated once per 
year in mathematics through a summative examina-
tion. Even if students are also assessed at the end of each 
term, or perhaps three to four times per year, it seems 
fairer that students should be evaluated at multiple 
points per term, even if the assessments are short or 
informal, so that they can demonstrate their learning 
more frequently and in multiple ways (Nitko, 1994).

There are three main techniques used in formative as-
sessment of early numeracy: observation, questioning, 
and tasks. All techniques can be used with individuals, 
groups, or entire classes. First, observation should be 
based on prior knowledge about the mathematical 
activities that students are supposed to perform. The 
teacher can make notes about the performance of chil-
dren. Next, the teacher should pose questions to the 
student based on observations. As Piaget (1976) said, 
questioning keeps us from “restricting ourselves to ob-
serving the child without talking to him.” Finally, the 
teacher may use tasks in conjunction with observation 
or questioning, or at the end of the lesson as a part of 
classwork or homework. The same task given to stu-
dents can tell the teacher about differences in student 
performance. Teachers can also follow up by asking 
targeted questions of specific students. For example, 
with an addition task, the teacher can ask questions 
such as “How did you know that was the answer?” or 
“Can you show me how you solved the problem?”

Most formative assessments are informal, consisting of 
observing and questioning students as they attempt to 
perform mathematics. Informal formative assessments 
are complimented by formal formative assessments, 
which are usually in paper-and-pencil format, e.g., 
at the end of a curriculum unit. Formal formative 
assessment an also include reviewing classwork and 
homework, as well as administering quizzes.

In all of these methods – observing, questioning, and 
tasks – the basic premise behind formative assessment 
is that teaching and learning must be interactive. In 
early numeracy instruction, Ginsburg (2009) stated 
that the “bottom line attribute of formative assess-
ment is its actionable character: it is assessment that 
informs instruction in an effective manner.” It cannot 
be overly academic and finely detailed, but at the 
same time cannot be too broad and general either. As 
Ginsburg noted, it must be mid-level, i.e., based on 
some knowledge by the teacher on how children learn 
mathematics and oriented towards specific pedagogi-
cal interventions to help children learn better.
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Finally, formative assessment must be a part of a 
systematic approach. McKinsey (2010) researchers con-
ducted a study of early literacy and numeracy achieve-
ment in five countries: Brazil, Ghana, India, Jordan, 
and South Africa. They concluded that improvements 
in learning outcomes require a formative assessment 
system that 1) sets minimum proficiency targets for 
schools and students, 2) conducts frequent student 
learning assessments (every 3-4 weeks), and 3) processes 
and uses data to monitor school and student progress. 

Evidence

How do we know that formative assessment can im-
prove student performance? Black and Wiliam (2001) 
conducted the most extensive study on formative 
assessment to date. They reviewed 580 articles and 
chapters on various programs and interventions 
involving formative assessment. In their research, they 
asked three questions:

1. Is there evidence that formative assessment raises 
learning?

2. What are some of the current problems with 
formative assessment?

3. How can we improve formative assessment?

On the first question, the authors examined the effect 
sizes – a statistical indicator of the size of improve-
ments from an intervention – gathered from evalu-
ations of formative assessment programs. The effect 
sizes typically ranged from 0.4 to 0.7 (in standard devi-
ation units). Such effects translate into improvements 
of the average performance of students by between 
one and two grade levels. In addition, formative as-
sessment was found to generally benefit low achieving 
students more than high achieving students, thus 
helping to reduce the gap in achievement levels.

On the second question, problems found in the litera-
ture with current formative assessment practices can 
be summarized as follows:

• Many teachers simply mark papers and provide 
scores to students, without analyzing results 
and adjusting their instruction. 

• Teachers often use marks and scores to put 
students in competition with each other rather 
than focusing on improvements for all students.

• Teachers tend to encourage rote and superficial 
learning, which is easier to assess, even when 
they say that they want to develop understand-
ing of concepts. 

• Teachers often emphasize quantity of learning 
of a wide range of competencies at the expense 
of quality of learning of the most important 
competencies. 

• Teachers usually do not share and discuss their 
assessment methods and results with other 
teachers. 

On the third question, the following main points are 
backed up with evidence on how to improve formative 
assessment:

• Teachers must change their belief structures 
about students in two fundamental ways. First, 
many teachers believe that knowledge is simply 
to be transmitted and it is up to the students 
to learn. However, more and more teachers, 
including those in low income countries, are 
realizing that the transmission model does not 
work, but interactive teaching does. In early nu-
meracy, what is needed is a culture of observa-
tion and questioning about concepts and skills 
(Ginsburg, 2009). Second, there is the belief by 
many teachers that only certain students can 
learn. Again, more and more teachers are real-
izing that all students can become proficient in 
literacy and numeracy, if we can overcome the 
obstacles to learning (McKinsey, 2007).

• Teachers must provide relevant feedback and 
corrective strategies to students on a frequent 
and regular basis. This needs to happen within 
a culture of success, i.e., in an environment 
where students are encouraged to improve 
and succeed. Students can work with feedback 
pointing out that they are not grasping the 
material if they are not put in a situation where 
the communications are negative, punitive, or 
overly oriented towards competition with other 
students. Studies have shown that students only 
benefit marginally from feedback in the form 
of marks or grades; they also need explana-
tions and strategies to help them learn better 
(Black & Wiliam, 1998). As Ginsburg (2009) 
stated, teachers of early numeracy need to give 
students information about what is wrong and 
make sure that they have approaches on how to 
put it right. He focuses extensively on “debug-
ging” procedures in solving problems. 

• Teachers need help to implement formative 
assessment. In order to make formative assess-
ment work, teachers must have support in the 
form of training, supervision, and on-going 
mentoring. Many education reforms concen-
trate on inputs – new curricula and materials, 
management rules and requirements, testing 
programs – with the expectation that outputs 
will naturally follow – higher student scores, 
more students progressing through the system. 
However, this seldom works. It is unfair to leave 
the most difficult piece of the learning im-
provement program – the teaching and learn-
ing in the classroom – entirely to the devices of 

the teachers, particularly those in low income 
countries who are often situated in isolated 
rural schools. 

• Teachers can succeed if they receive help and 
support. The evidence shows that teachers can 
successfully implement formative assessment 
if they receive proper training and support. As 
stated by Ginsburg (2009), “a key challenge for 
mathematics education is to provide profes-
sional development designed to help teachers 
to understand and assess children’s mathe-
matical minds.” There is no question that it is 
hard work, but, if it is done effectively, positive 
results are almost sure to follow. 

Implementation

The process of designing and implementing a forma-
tive assessment program, and subsequent changes in 
instruction, is slow and takes place through sustained, 
practical professional development and support. This 
is the only way for fundamental improvements in 
teaching and learning to occur.

There are five steps in the process. These are general 
steps since the actual program depends on previous 
formative assessment programs and the context of 
schooling within a country or region. 

1. Develop examples of formative assessment in the 
classroom that teachers can learn from and use in 
their practice. Teachers will not change as a result 
of simple “chalk-and-talk” training or by receiv-
ing a few materials. Formative assessment needs 
to be tried out in a small number of schools and 
practical examples – with videos and/or person-
al testimonies – need to be drawn from those 
schools and teachers.

2. Use the examples in a hands-on training program 
led by master trainers. A group of trainers needs 
to actively share the work from the pilot schools. 
The dissemination will be made more effective by 
using videos and actual classrooms of children. 
Teachers need living examples of implementa-
tion, as practiced by teachers with whom they 
can identify and from whom they can derive the 
confidence that the program will work. 

3. Provide print materials to teachers. These should 
be in the form of an easy-to-use tool kit that is 
linked to the curriculum and lesson plans. The kit 
should provide questioning and observation tech-
niques for assessing children during lessons and 
tasks to assign for classwork, homework, and quiz-
zes. Teachers should have guidance from outside 
sources, including print materials on implement-
ing formative assessment in their classrooms. 

4. Reduce obstacles to implementation. Teachers 
need to combine the guidance from outside 

sources with the space to figure out how to make 
the program work in their own classrooms. They 
must also have the opportunity to collaborate 
with other teachers, both in their own schools 
and in neighboring schools, so that they can share 
ideas and methods. This can be accomplished 
through “lesson study” (Fernandez, 2002) or 
“communities of learners” (Bransford, Brown & 
Cocking, 1998). In addition, specialists should visit 
the classrooms to provide supervision and sup-
port. Teachers also need to know that formative 
assessment information is not a reflection of how 
well they are doing their job and will not be used 
to evaluate them.

5. Use formative assessment results to improve 
instruction. Teachers can develop learner profiles 
– or performance descriptors – to provide specific 
support for groups of students and individual 
learners. They can use this information to organize 
their instruction, using ideas in teachers guides 
and other materials, and also from collaborating 
with other teachers, in an extension of the “lesson 
study” and “communities of learners” structures.

The role of the teacher is to facilitate improvement for 
all students in early numeracy. An evidence-based way 
to accomplish this is by using assessment information 
to develop specific instructional activities for the class 
as a whole and for individual or groups of students. 
For instance, a child may understand addition but 
needs practice to memorize number facts so that the 
addition process is automatized. Another child may 
need help in developing concepts for explaining their 
procedural knowledge in subtraction. Formative 
assessment can help the teacher to identify thinking 
processes and obstacles, which can then be used in 
developing pedagogical approaches.

Policy

A final point is in the area of formative assessment 
policy. In the past, most assessment policies have 
concentrated on testing the students and establishing 
a competition for promotion, selection, and certifica-
tion. This has resulted in norm-referenced assessments 
in which students either pass or fail their tests. Current 
policies are shifting towards setting learning targets 
for all students, with assessment used to provide 
a check on student attainment of the targets. But 
this needs to go further. Feedback from assessments 
should be communicated directly to students, along 
with strategies to help them master numeracy content. 
Most of this feedback should take place during forma-
tive assessment in the classroom. 

The overarching policy priority in assessing learning 
outcomes in mathematics, and in other subject areas, 
should be the promotion and support of more effective 
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learning in the classroom. Policies should focus on prov-
en strategies for improving teaching and learning: 1) 
interactive teacher-student communications, 2) targeted 
instruction and support for students based on objectives, 
and 3) particular help for lower achieving students.

Black and Wiliam (2001) state that governments, 
school authorities, donor agencies, and the teaching 
profession need to think very carefully about whether 
they are serious in raising learning outcomes. This is 
because change occurs slowly and there is no magic 
bullet, particularly when it comes to teacher behavior 
in the classroom. However, if there is a strong level of 
commitment on the part of all stakeholders, strategies 
can be developed so that the evidence-based forma-
tive assessment approaches can be acted upon, and 
learning can improve, particularly in the core areas of 
literacy and numeracy.

E.  Opportunities and 
 challenges of using 
 mobile technologies for 
assessment

There is tremendous potential in using mobile 
technologies for assessment. Until recently, many of 
the assessment applications in low income countries 
focused on using laptop computers. However, the 
popularity of tablet computers could have a revo-
lutionizing effect on assessment, particularly if the 
assessment results can be uploaded via Wi-Fi or cell 
phone networks. Smart phones and personal data 
assistants (PDAs) have equal potential for use as mobile 
technologies for assessment.

Mobile devices have two main advantages: access to 
information and learner engagement. Smart phones 
are perhaps the wave of the future in terms of access 
and engagement. There is already 20 percent pene-
tration by smart phones in low income countries (as 
opposed to 50 percent in high income countries). 

While penetration is relatively easy to measure, little 
evidence is available on engagement, particularly in 
regards to mobile learning. Few examples exist of using 
mobile devices to improve school learning. However, 
new applications are being developed on a constant 
basis, so we can expect that mobile devices will become 
a part of classroom pedagogy. In addition, children learn 
to navigate mobile devices very quickly and become 
engaged almost immediately in many cases.

There is some evidence of game-based learning using 
mobile devices in the U.S., India, and Peru. Some of the 

lessons learned include the importance of adapting 
the content to specific environments, moderate effects 
on achievement, and little change in student moti-
vation. However, these results will likely improve as 
applications become more aligned to the needs of the 
classroom and the psychology of the children.

In the area of early numeracy, applications have been 
developed for young children in writing and trac-
ing numerals, counting, comparing, matching, and 
identifying shapes. There are also ways of transferring 
information from the teacher to the student and vice 
versa, or to and from the parent. Examples are the 
following:

• Tablet Math (U.S.)
• Text2Teach (Global)
• Math4Mobiles (Israel)
• Dynamic Protractor (U.S.)
• Dr. Math (South Africa)
• MoMaths (South Africa)
• Splash Math (U.S.)

For more information, the topic of using mobile 
technologies for learning and assessment is addressed 
in the companion paper to this study on learning 
outcomes (Stringel & Pouezevara, 2012). 

Summary

The three widely known diagnostic assessments – 
EGMA, TEMA, and ASER/UWEZO – have been devel-
oped to meet specific needs in numeracy outcomes. 
Information has been presented in this section so that 
the user can make decisions on which assessment fits a 
particular context. The assessments can be adapted to 
varying degrees for further customization. 

A particular focus was placed on formative assessment 
as perhaps the best means for increasing student 
learning through the use of assessment. A quick guide 
was presented to developing and implementing a 
formative assessment program.

This section concluded with some brief comments on 
mobile learning and numeracy, including a reference 
to a companion paper that explores this vital topic 
in further depth. Mobile learning has potential not 
only in the area of assessment but also in improving 
instruction and learning in early numeracy.

Question 4:  What can be learned from the 
assessment of early grade literacy 
with reference to numeracy? 

As mentioned in the terms of reference for this desk 
study, the area of literacy is ahead of numeracy in 
assessing learning outcomes in low income countries. 
While the traditional assessments – public examina-
tions, national assessments, international assessments, 
and classroom-based (formative) assessments – have 
maintained a balance between literacy (language) and 
numeracy (mathematics), the emphasis on diagnostic 
assessment is mostly in the area of early literacy. 

While it is understandable that literacy would be in the 
forefront of efforts both in instruction and assessment 
given the strikingly low levels of literacy in low income 
countries, numeracy is an equally critical component 
of schooling. A better approach would be to ensure that 
both literacy and numeracy receive the attention they 
deserve. Each is necessary in young children’s schooling 
but neither is sufficient. In addition, studies have shown 
that they reinforce each other. This section provides 
background on the complementarity of literacy and nu-
meracy, the differences between literacy and numeracy, 
lessons learned from the promotion of literacy that can 
help in numeracy, and the importance of numeracy in 
predicting later achievement in literacy.

A.  Numeracy and literacy 
as complementary

A review of numeracy and literacy leads to several 
basic conclusions. First, children must become com-
petent in both domains. Having strong knowledge and 
skills in either numeracy or literacy is not enough for 
later educational and occupational success. As stated 
by the Mathematics Learning Study Committee (2001), 

“To be employable in the modern economy, high 
school graduates need to be more than merely literate. 
They must be able to read challenging material, to 
perform sophisticated computations, and to solve 
problems independently.”

Second, the foundation for both numeracy and literacy 
is developed early. Learning to read and developing 
mathematical proficiency both rest on a foundation of 

concepts and skills that are acquired by many children 
by grade one. In the case of reading, children are expect-
ed to enter school with a basic understanding of sound 
structure, an awareness of the alphabetic writing system, 
and skill in handling basic language concepts. Likewise 
in mathematics, students should possess a toolkit of 
basic mathematical concepts and skills when they enter 
first grade. This includes comparing quantities, counting, 
knowing the concepts of addition and subtraction, and 
recognizing simple patterns and shapes.  

Third, in both domains, there is evidence that early in-
tervention can prevent full-blown problems in school. 
If children have not mastered certain basic skills, they 
can expect problems throughout their schooling and 
later. Research on reading indicates that all but a very 
small number of children can learn to read proficiently, 
though they may learn at different rates and may re-
quire different amounts and types of instructional sup-
port. Similar observations can be made for  numeracy.

Fourth, literacy and numeracy merge in certain early 
grades activities. For example, nearly all grade two 
children can be expected to make a useful drawing of 
the situation portrayed in an arithmetic word problem 
as a step toward solving it. Representing numbers by 
means of a drawing is a task that children should be 
able to do in early primary school. In addition, children 
at grade two should be able to learn the basic symbolic 
or abstract elements of literacy. The fact that letters 
represent sounds and that combinations of letters 
make other sounds is an early skill. The Hindu-Arabic 
numerals used in everyday life are also symbolic in 
that a one-digit number represents a certain quantity. 
Of course, this is where letters and numbers diverge 
(see the next subsection below). 

Fifth, reading specialists have developed a variety 
of programs for students having reading difficulties 
so that prompt and effective assistance is available. 
Similarly, mathematics programs can help children 
who need help with basic concepts. These programs 
focus on foundational skills that children bring from 
outside of the school environment and build on the 
formal knowledge and skills that are necessary for 
school success. 
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B.  Ways that literacy and 
numeracy are different

There are distinctive differences in literacy and 
numeracy for young children, particularly those who 
are learning to read and understand math. One of the 
main differences is in the symbols. As mentioned in 
the previous subsection, letters and simple numbers 
have some commonalities in that they are representa-
tions of sounds and quantities, respectively. In English, 
both letters and numbers are members of a finite set 
(26 letters and 10 digits). Both are used in combination 
with other symbols, such as punctuation in reading 
and operational and relational symbols in math. Both 
have names that have nothing to do with the symbol’s 
actual meaning or value.

However, the symbols have strong distinctions as the 
numbers become more complicated. In most languages, 
the alphabetic writing system, once learned, enables 
the student to read and decode any word or sentence, 
although of course not necessarily to understand its 
meaning. Mathematics, in contrast, has many types and 
levels of representation. In fact, mathematics can be said 
to be about levels of representation, which build on one 
another. One of the most important ideas with numbers 
is that they can be composed and decomposed. Letters 
cannot be broken apart. We can break down larger 
numbers into smaller numbers, for instance the idea 
that five is the same as two and three together. Stand-
alone letters do not have such a purpose. It is only 
when letters are put together that they have a purpose. 
From letters, we can build sounds and words, and 
then sentences, paragraphs, and so on. On the other 
hand, when we put together two numbers (or three or 
more numbers) we are only left with another number. 
Importantly, numbers can take on different meaning in 
different contexts. With place value, for instance the 7 
in 17 means seven ones, while the 7 in 71 means seven 
tens. Letters have very limited variation (long a, short a, 
etc.) but for numbers the transitions are limitless.

It is important for children to recognize and under-
stand these differences between letters and numbers, 
and between literacy and numeracy. Understanding 
the distinct qualities of numbers will allow children to 
make more sense of numeracy.

C.  Building on knowledge/
experiences from literacy 
to promote numeracy

The main literacy proponents in the donor world 
– GPE, USAID, World Bank, EU, DfID, AusAID, and 
others – have been successful in publicizing the low 
levels of literacy in low income countries. They are also 
currently experiencing increased success in orienting 
development projects towards literacy interventions. 
This should lead to better rates of literacy among 
young children over the next several years. 

Similar work could be (and should be) accomplished 
in numeracy. The GPE in particular has drawn some 
lessons learned from the literacy movement that can 
be applied to numeracy, and perhaps will be able to 
shortcut some of the problems that have hindered 
more rapid progress in literacy (Crouch, 2012).

One of the early realizations in the promotion of liter-
acy several years ago was that many people were aware 
of the problem of low levels of literacy but there were 
no accepted ways of measuring it. In addition, devel-
opment experts were not exchanging information in 
an organized manner and there were few successful 
experiences of successful change. Donor agencies did 
not have goals that centered on improved children’s 
reading. Currently, however, much of this has been 
reversed. As described in the earlier sections of this 
study, there are several measures of early literacy that 
are being implemented in low income countries. Do-
nors are concentrating funding in literacy and they are 
coordinating their efforts in some countries. The area 
that is most in need of greater progress at this time 
is that there are not enough examples of large-scale 
improvements in children’s reading levels. 

The main lesson drawn from the GPE in making progress 
in literacy is partnerships. There are several elements 
in literacy partnerships that seem to be working. One 
element is the need for a community of practice (CoP) 
that can develop and promote standards for literacy pro-
grams. The CoP is currently promoting and funding the 
measurement, assessment, and goals for children’s early 
literacy. It is gathering and managing experiences that 
show impact. It is also promoting literacy through the 
social marketing of key literacy statistics and indicators.

In the area of social marketing, the literacy CoP is using 
oral fluency (i.e., most grade two children cannot read a 
single word in many countries) as an indicator that can 
galvanize stakeholders. However, the numeracy CoP 
has not yet identified a similar indicator. In addition, 
the literacy CoP has been instrumental in pushing for 

measureable goals, such as cutting in half the number of 
non-readers in Grade 2 in 5 years, or helping 100 million 
children improve their reading by 2015. 

To develop more powerful indicators, there is a need to 
link oral assessments of early reading and math with 
written assessments, both within countries and inter-
nationally. This will require good practice standards so 
that the linking is done in a professional way. Issues to 
overcome are the periodicity of the regional and inter-
national assessments, i.e., every three or four years, and 
the need to support the regional assessments, which 
need both financial and managerial assistance.

All of this requires action, such as conferences involv-
ing governments, non-governmental organizations, 
donor agencies, and other champions. Much of it 
involves measuring children’s numeracy outcomes, 
and using the information as a critical ingredient in 
formulating goals and indicators. It also requires the 
formal knowledge management of the assessment 
results and their linkages to the goals and indicators, as 
well as to children’s later achievement in school.

D.  Using early  numeracy 
to predict later 
 achievement

It is often thought that early reading skills are the 
best predictor of later reading and math achievement. 
However, recent research shows that this is not the case. 
In a widely cited study, Duncan et al. (2007) used large 
longitudinal databases from the Canada, the U.K., and 
the U.S. to estimate the effects of school readiness – in 
reading, math, attention skills, and social skills – on later 
school reading and math achievement. Across all data-
bases, the strongest predictor of later achievement was 
school-entry math, followed by reading and attention 
skills. The measures of social skills had no significant 
effects on later achievement. Patterns of these associ-
ations were similar for boys and girls and for children 
from high and low socio-economic backgrounds. 

The following table shows the standardized regression 
coefficients for the predictors. 

Meta-Analytic Regression Results (Standardized Coefficients)

Independent Variables 
(School-Entry Meassures)

Outcome Variables (Later Achievement)

Reading Math Reading & Math

Reading 0.24* 0.10* 0.17*

Math 0.26* 0.42 0.34*

Attention skills 0.08* 0.11* 0.10*

Social skills -0.00 -0.01 -0.01

* Statistically significant at p < 0.001

The coefficients show the strength of the indepen-
dent variables (school-entry reading, math, attention 
skills, and social skills) on the outcome variables (later 
achievement in reading and math, along with a com-
bined measure of reading and math). As hypothesized, 
school-entry reading is a strong predictor of later 
reading achievement (0.24) and school-entry math is 
a strong predictor of later math achievement (0.42). 
However, contrary to most of the literature, school-en-
try reading was not a strong predictor of later achieve-
ment in math. Most surprisingly, school-entry math 
was a strong predictor of later achievement in reading, 
and in fact a stronger predictor than school-entry 
reading. On the combined indicator of later achieve-
ment in reading and math, school-entry math was 
twice as strong of a predictor as school-entry reading 
(0.34 vs. 0.17).

There were two other findings of note from the 
Duncan study. One was the importance of measuring 
children’s early literacy and numeracy skills. As stated 
by the authors:

“All of our data sets suggest that reading and 
math tests that were individually administered 
to children by trained personnel around the 
point of school entry can be a highly reliable 
way of assessing early skills.”

In addition, the authors stated that:

“It was also the case that we could not attribu-
te most of the variation in later school achieve-
ment to our collection of school-entry factors, 
so the potential for productive interventions 
during the early school grades remains.”
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In particular, they mentioned the potential of curricu-
la designed with the developmental needs of children 
in mind, especially those that are engaging and fun. 
An example cited was the Big Math for Little Kids 
program (Greenes, Ginsburg, & Balfanz, 2004), which 
capitalizes on children’s interest in exploring and 
manipulating numbers.

Several researchers have replicated and expanded 
upon the Duncan study (Foster, 2010; Grissmer et al., 
2010; Pagani et al., 2010; Romano et al., 2010).

Summary

Linkages between literacy and numeracy were exam-
ined in this section of the study. Some of the similar-
ities and differences between literacy and numeracy 
were addressed. The main point was to recognize these 

variations so that assessments (and interventions) 
would take them into consideration. 

Recent lessons learned from international experiences 
in promoting young children’s literacy were also dis-
cussed. The hope is that efforts to improve children’s 
numeracy will be able to draw on the experiences from 
literacy.

Finally, a statistical study using early literacy and 
numeracy to predict later school achievement was de-
scribed. The conclusion from the study was that early 
numeracy was a stronger predictor of later reading and 
math than early literacy. The researchers also noted 
that measuring young children’s literacy and numera-
cy was a highly reliable way of gathering information 
on early knowledge and skills.    

The desk study has provided an important opportuni-
ty to address the four questions posed by GIZ:

1. What kinds of numeracy learning outcomes need 
to be assessed?

2. What are the current practices in assessment of 
early grade numeracy learning outcomes?

3. What (low-cost, effective, and easily applica-
ble) early grade numeracy assessment tools are 
 available?

4. What can be learned from the assessment of early 
grade literacy with reference to numeracy?

While many assessments exist to measure early 
numeracy, the most important part of assessment is 
to define the purpose. We need to determine whether 
information is needed for program evaluation, policy 
dialogue, or classroom instruction. The other critical 
part is that the assessment needs to be done well, so 
that standards for reliability and validity are respect-
ed and that the information is used for the intended 
purpose. 

Finally, in the TIMSS 2011 report (Mullis et al., 2012), 
the authors highlighted the importance of an early 
start in shaping children’s numeracy skills. The TIMSS 
assessment results at grades 4 and 8 indicated that 
students had higher performance in mathematics if 
their parents reported that:

Final Comments

• They often engaged in early numeracy activities 
with their children;

• Their children had attended pre-primary edu-
cation; and

• Their children started school able to do early 
numeracy tasks (e.g., simple addition and sub-
traction).

The authors also emphasized the importance of 
combining early literacy and numeracy during the 
preschool and early school years. They also mentioned 
early numeracy activities as significant predictors of 
later mathematics scores. Parents who played games 
and engaged in other numeracy-related activities 
with their children saw the rewards from their efforts; 
scores for children benefiting from early numeracy 
scored an average of 50 scale score points higher than 
children who were almost never involved in early 
activities. Similarly, children who could perform early 
numeracy tasks at school entry scored an average of 
73 scale score points higher than children who did not 
possess such abilities. 

These kinds of assessment results can be instrumental 
in providing background information that can lead 
to successful interventions and improved numera-
cy learning outcomes. The keys are to collect useful 
assessment information and then ensure that it is 
applied towards better learning for children. 
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