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ABSTRACT

There is abundant evidence that young children are capable of developing mathematical knowledge
and that the arithmetic skills of young children are a predictor of their future academic achievement.
There is also a common agreement that the quality of early mathematical instruction has an important
influence on children’s subsequent learning. In Ecuador studies on young children’s early
mathematical competencies and instruction are scare. Therefore a study was initiated to (1) assess the
numerical competencies of preschoolers and kindergartners (first year of elementary education)
attending a public school in Cuenca, with the objective to critically analyze their numerical thinking
and reasoning, and (2) examine teachers’ practices and believes regarding early mathematical
instruction and children’s mathematical competencies. An application of the Number Knowledge Test
(Griffin, 2005) demonstrated that most of the participating children had not developed basic numerical
competencies. In addition, teachers strongly believe that young children are incapable of carrying out
mathematical thoughts. As a consequence, mathematical activities in which children and teachers are
engaged are insufficiently developed. The scientific and practical implications of these results are
discussed.
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RESUMEN

Existe abundante evidencia de que los nifios pequefios son capaces de desarrollar un conocimiento
matematico y que las destrezas aritméticas de estos nifios son predictores de su desempefio académico
futuro. También existe un acuerdo comin de que la calidad de la educacién matematica inicial tiene
una importante influencia en el aprendizaje posterior de los nifios. En Ecuador hay escasos estudios
sobre las competencias matematicas tempranas de los nifios y sobre su ensefianza. Por ello, se inicid
un estudio para (1) evaluar las competencias numéricas de los nifios de pre-escolar y kindergarten
(primero de bésica) que asisten a una escuela publica de Cuenca, con el objetivo de analizar
criticamente su pensamiento y razonamiento numérico; y (2) examinar las practicas y creencias de los
profesores con relacion a la ensefianza de la matematica y a las competencias matematicas de los
nifios. La aplicacion del Test de Conocimiento Numeérico (Griffin, 2005) demostrd que la mayoria de
los nifios participantes no habian desarrollado habilidades numéricas basicas. Adicionalmente, los
profesores expresaron una fuerte creencia de que los nifios pequefios no son capaces de tener un
pensamiento matematico. Como consecuencia, las actividades matematicas que realizan los nifios y
profesores son desarrolladas de manera insuficiente. Las implicaciones cientificas y practicas de estos
resultados son discutidas.

Palabras clave: Matematica inicial, pre-escolar, jardin de infantes, competencias matematicas.
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1. BACKGROUND

Mathematics is used in everyday-life by children all over the world. During the first years of life
children count, measure, compare sizes, match pairs, recognize numbers and do a variety of things
related to mathematics. Likewise, it has been widely accepted that young children’s early
mathematical competencies have an important influence on their subsequent learning (Aunio &
Niemivirta, 2010; De Smedt et al., 2009; Duncan et al., 2007; Geary, 2011; Jordan et al., 2009;
Krajewsky & Schneider, 2009), and that high quality mathematical instruction for 3-6 year old
children is crucial for their future mathematics learning (Fuson, 2004). In the following, a brief review
of the literature related to the mathematical knowledge of young children is presented, followed by the
importance of improving those competencies during the early years of schooling as basis for later
learning via appropriate teaching practices. Next, the influence of the socioeconomic status on young
children’s mathematical development is analyzed, to finally present some recommendations that might
result in an improvement of the quality of early mathematical education.

1.1. Young children’s mathematical competencies

For a long time it was thought that children in preschool years did not possess mathematical
knowledge (Starkey et al., 2004) because it was generally accepted that their capacity for numerical
understanding was restricted by their cognitive characteristics (Piaget, 1969). For this reason, it was
believed that the development of mathematical knowledge only began in elementary school with
formal instruction in mathematics (Bereiter & Engelman, 1966). These views contributed to the
rational to restrict mathematical instruction in early years (Baroody et al., 2006). However, recently
there has been a growing realization of children’s mathematical skills before elementary school. It has
been demonstrated that young children’s knowledge of mathematics is extensive, often sophisticated
(Clements & Sarama, 2007; Sarama & Clements, 2009; Warfield, 2001). During the early years,
children experience a diversity of situations that allow them to learn a variety of things about number;
for instance, counting the members of the family, or dividing a cake so everyone gets the same
amount. By the time children enter kindergarten they can correctly count sets of objects greater than
10, compare collections of objects and tell which collection has more/less objects, and are able to
solve simple arithmetic problems by means of counting (Sarama & Clements, 2009; Kilpatrick et al.,
2001). Moreover, they develop the ability to apprehend the quality of a collection by means of
subitizing. Subitizing is defined as an accurate and fast recognition of a small nhumber of items in a
collection without counting (e.g. quickly and accurately recognizing *** as a collection of three items)
(Baroody, 2004; Clements & Sarama, 2007; Sarama & Clements, 2009).

The initial understanding of numbers and arithmetic constitutes children’s informal knowledge.
Starkey et al. (2004) identified that some aspects of this informal mathematical knowledge (e.g.
enumeration, ordering, number comparison, arithmetic problem solving) develop considerably during
preschool years and constitute the basis for the acquisition of formal mathematics in school. The
quality and quantity of mathematical knowledge acquired by children in their early years provides the
foundation on which children’s learning of more complex number concepts is built (Kilpatrick et al.,
2001). Furthermore, the amount of mathematical knowledge with which children enter school is more
and more recognized as a strong predictor of future success (Duncan et al., 2007; Jordan et al., 2010).

1.2. Early mathematical instruction

Baroody et al. (2006) argue that it is important for teachers to become aware of the rich informal
mathematical knowledge that each child brings to school as formal instruction should build on this
informal knowledge. The authors also state that if mathematics is not presented to children in a way
that makes sense to them, i.e. built on their informal knowledge, this might lead to learning difficulties
at later age.

Within the domain of mathematics education, number and operations has been identified as the
most important area in early childhood (Baroody, 2004; Clements, 2004; Fuson, 2004; Griffin & Case,
1997). Researchers agree that mathematical instruction in this area should concentrate on helping
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children to develop the big ideas of learning. With big ideas is understood the teaching of concepts
and skills that connect numerous topics and that are consistent with children’s levels of thinking
(Clements & Sarama, 2009). Six key big ideas are considered essential to be taught in preschool years
(Baroody, 2001; Baroody et al., 2004; Baroody et al., 2006), namely: (1) counting can be used to find
out how many in a collection or for making a collection of a particular size; (2) numbers can be used
to compare or order collections of objects; (3) collections can be made larger by adding items to it and
smaller by taking some items away from it; (4) a quantity (a whole) can consist of parts and can be
broken apart (decomposed), and the parts can be combined (composed) to form the whole; (5) items
can be grouped to make a larger unit and written in a multi-digit number, the value of a digit depends
on its position; and (6) a quantity (whole) can be partitioned (decomposed) into equal size pieces
(parts).

Besides these big ideas, it is also fundamental that teachers are knowledgeable of both the natural
developmental progression of children in learning mathematics, and of effective teaching strategies
that help children to achieve higher levels of thinking (Baroody et al., 2006; Clements & Sarama,
2009). In relation to the first aspect it is crucial for teachers to consider the timing of teaching. In this
sense, during the process of developing mathematic curricula for the early years, it is important to take
into account the developmental readiness of students (Baroody et al., 2006). That is to say, that the
content presented to children should not be too advanced for their cognitive and behavioral
characteristics (Sophian, 2004) and should follow the natural developmental progression. In this
context, Baroody et al. (2004) caution that teachers should carefully select the topics, activities and
problems to be taught and the sequence in which they are presented. This will facilitate children to
construct the knowledge network that they are expected to achieve according to their age level and
will constitute the basis upon which more sophisticated knowledge is built (Griffin, 2005).

Regarding the second aspect, i.e. effective teaching strategies, it is important that teachers use the
most adequate instructional methods for fostering effective learning. According to Baroody et al.
(2006) both the Guided Discovery Learning and the Flexible Guided Discovery are the most
promising teaching methods. In the Guided Discovery Learning approach the teacher takes the
initiative of the activities, offering challenging tasks and/or questions that are planned beforehand and
that stimulate the development of children’s competencies. Once these tasks and questions are offered,
the teacher guides the children in their development. In the Flexible Guided Discovery approach it is
the child who initiates the activities. The role of the teacher is to take advantage of the opportunities
offered by the children to raise challenging questions or tasks that may stimulate their development. A
combination of both approaches seems to yield the most effective results (Baroody et al., 2006).

Despite all these findings and the efforts to understand and improve the mathematical
development of young children, some researches claim that the mathematics children receive at some
preschool and kindergarten settings is inadequate (Copley, 2004; Starkey et al., 2004; Greenes et al.,
2004). An aspect influencing this inadequacy is the early childhood teachers’ knowledge and beliefs.
Namely, it has been reported that many early year educators do not know how to support children’s
development of numerical abilities; they are often uncomfortable with mathematics and believe that
mathematic experiences are not necessary in preschool years (Copley, 2004). The latter suggests that
many teachers and caregivers not exactly know how to teach mathematics to young children.
Notwithstanding, it has been proven imperative to provide greater mathematics enrichment to all
preschool children, in particular to children from the lower socioeconomic class of the society who
have fewer educational opportunities (Raudenbush, 2009).

1.3.  Socioeconomic status as a key factor of mathematical success

Notwithstanding the recognition that children’s mathematical competencies should be stimulated
during the early years, unfortunately not all children have the same opportunity to develop a robust
mathematical understanding. As stated by Barnett & Belfield (2006), the low socioeconomic status
does have a detrimental influence on children’s development. Proof of it was given by Starkey et al.
(2004) who reported that middle-class children outperform children from low-income families on at
least some number and arithmetic tasks, and that socioeconomic disadvantaged children typically lack
basic number knowledge that their peers form middle-income families possess. According to Jordan et
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al. (2006) those children enter school with specific gaps in their mathematical proficiency.
Furthermore, it is generally agreed that children with low skills at school entry tend to continue being
low achievers throughout their formal education (Evans & Rosenbaum, 2008); many develop math
anxiety, do not want to engage in more advanced mathematical courses, or simply disengage from
mathematics (Wright, 1994). Baroody et al. (2006) state that the initial disadvantage in young
children’s mathematical competence is additionally compounded by the inadequate formal instruction
they receive. They pointed out that the inadequacy of preschool and kindergarten learning
environments is especially problematic for economically disadvantaged children because the schools
that serve children from deprived socioeconomic backgrounds are generally less qualified than those
serving more advantaged children. Additionally, they argued that schools serving low-income children
have less competent teachers and fewer technological resources, an element to be considered when
evaluating young children’s mathematical competencies.

2. THE PRESENT STUDY

As stated, the acquisition of good preparatory mathematical skills at young ages is fundamental in
developing mathematical fluency at later ages. Information on preparatory mathematical skills in
Ecuador does not exist, but studies in youth demonstrate that Ecuadorian students perform low in the
area of mathematics in national (e.g. Ministerio de Educacién, 2012) and international (e.g. UNESCO,
2008) tests. Therefore, the first goal of this study was to assess the numerical competencies of
preschoolers and kindergartners (first year of elementary education) attending a public school in
Cuenca, aiming at critically analyzing their numerical thinking and reasoning. Internationally, several
tests to measure children’s early mathematical competencies are available and have been widely
applied, such as the Number Knowledge Test (Griffin, 2005), the Test of Early Mathematics
Assessment (TEMA-I1I1) (Ginsburg & Baroody, 2003), the Tools for Early Assessment in Math
(TEAM) (Clements et al., 2011), and the Early Numeracy Test (ENT) (Van de Rijt et al., 1999). For
the purpose of this study, the Number Knowledge Test (Griffin, 2005), was used for the following
reasons: (1) the test allows to determine children’s level of numerical understanding and thinking; (2)
the test is based on research on children’s cognitive development; and (3) the test is simple to
administer (Griffin, 2005). Parallel to the assessment of the children’s mathematical competencies, the
study also aimed at examining the teachers’ practices and believes related to mathematics instruction
of young children.

3. METHODOLOGY

3.1. Participants

The Number Knowledge Test was applied to 49 4- to 5-year-olds involving seventeen preschoolers
from one class: 10 male and 7 female and 32 kindergartners from two classes: 19 male and 13 female,
belonging to a public school in Cuenca. 73% of the Ecuadorian children attend public schools
(Ministerio de Educacién, 2013). Most of those children belong to the lower fraction of the middle-
income and the lower-income families; thus, most likely the majority of the participating children of
this study belong to a socioeconomic disadvantaged family. The study took place during the middle of
the school year. The mean age of the preschoolers at the moment of the application of the test was 4
years 6 months (SD=3.8 months), whereas the mean age of the kindergartners was 5 years 7 months
(SD=3.9 months). In addition to the forty nine children, the female teachers of the above mentioned
three classes were interviewed.
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3.2. Materials
Number knowledge test

In order to measure the children’s numerical competencies, the Number Knowledge Test (Griffin,
2005) was administered. This test provides a portrait of the number knowledge children typically have
available at several specific age levels between 4 and 8 years. The test is divided into 3 levels, namely,
Level 0 (4-year-olds) consisting of 5 items, 2 of them involving two parts: A and B; Level 1 (6-year-
olds) comprising 9 items, 4 of them involving two parts: A and B; and Level 2 (8-year-olds) also
comprising 9 items with 3 two-part items. The age associated with each level of the test represents the
midpoint in the 2-year age period during which number knowledge is typically developed. Hence,
Level O for 4-year-olds captures children’s thinking between the ages of 3 and 5 years, and Level 1 for
6-year-olds captures children’s thinking between the ages of 5 and 7 years. The starting point of the
test is a preliminary question from which the rest of the questions are set. Due to the age of children in
this study, only levels 0 and 1 were administered (see Appendix 1 for a description of the Test).

The test requires an individual administration, and the questions are presented to the children
orally demanding an oral response from them. Test administrators make use of a follow-up question,
i.e. “How did you figure that out?” for questions 1, 3, and 7 at Level 1. These questions provide
additional insights into children’s reasoning and strategy. At the 4-year-old level (i.e. Level 0), items
are presented with physical objects, whereas items at the 6-year-old level (i.e. Level 1) are presented
without physical objects. The test is scored dichotomously on correctness (one point is assigned for
each item passed). For the two-part items, both part A and part B must be passed to get a point.

The Number Knowledge Test was translated into Spanish by the author of the article. Before
administering the test to the participants, a pre-test of the questionnaire was conducted with 10 5-year-
olds from another public school in order to observe how children perceived the test and the difficulties
they may face. After evaluation of the children’s questionnaires, the language of the test was revised to
assure that every child clearly understand the instructions.

Teachers’ questionnaire

To examine the teachers’ practices and believes, a teachers’ questionnaire was developed by the
authors, based on her experience with the Ecuadorian school system as a kindergarten teacher. The
questionnaire consisted of 9 questions (see Appendix 2) that involves aspects related to teachers’
background, their beliefs about children’s informal mathematical understanding and the importance of
early mathematics education. The questionnaire also included questions regarding mathematics
instruction in terms of what contents and how those contents are taught to children as well as the
amount of time they spend in teaching mathematics.

3.3. Procedure

The children were individually tested in a separate room at their own school. Preschoolers were
evaluated first, followed by kindergarteners. The administration of the test absorbed 15 to 20 minutes.
After completion of the test, three teachers were individually interviewed. The applied methodology
can be described as a cross-sectional descriptive study, consisting of a semi quantitative-qualitative
approach, applied on a small sample of children and teachers. The results therefore only provide a
snapshot of a population sample at a certain time, permitting testing the validity and viability of the
applied methodology, for future larger scale cross-sectional surveys.

4. RESULTS

4.1. Preschoolers

The preliminary item of the test required children to count from 1 to 10. It was found that seven out of
the seventeen children were able to say the counting words correctly. An in-depth analysis of those
who were unsuccessful in counting showed that all of them could say the first three numbers in the
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right order, but after number 3, they muddled up the numbers. The most common errors made were:
(1) miss some numbers out (e.g. 1, 2, 3, 4, 7, and 10); (2) put some numbers in the wrong order (e.g. 1,
2,3,6,5,7...); and (3) say the numbers unsystematically (e.g. 1, 2, 3, 40, 18, 12...).

Regarding the Level 0 responses (see Table 1), it was found that six out of the seventeen children
knew how to count correctly a set of three chips that were placed in front of them (Item 1), and tell
how many there were. Another four children were able to count the three chips correctly, “one, two,
three”, but were not able to give the last number said (i.e. three) as the answer. When asked how many
chips there were, they started to recount, not realizing that the last number word tells them how many
there were. The seven remaining children were unable to count. One of them counted by saying “one”,
“one”, and “one”, whereas the common mistake made by the others was to say more words than chips
touched.

Table 1. Number of children that correctly answered the test items.

Items Preschoolers (N=17) Kindergartners (N=32)
Preliminary item 7 21
Level 0
Item 1 6 27
Item 2 11 30
Item 3 9 30
Item 4 6 20
Item 5 1 13
Level 1
Item 1 0 0
Item 2 1 8
Item 3 1 5
Item 4 1 2
Item 5 0 2
Item 6 0 0
Item 7 0 0
Item 8 0 0
Item 9 0 0

The six children who successfully answered Item 1 were also able to solve the more advanced
counting problem posed in Item 4. But the other eleven children were unsuccessful in solving these
problems. Common mistakes were: (1) counting all the chips without differentiating the color; (2)
counting two times the same chip; and (3) touching the chips but not saying the counting words in the
right sequence (e.g. 1, 2, 5, 7). In the most sophisticated counting problem (i.e. Item 5) just one child
was able to count all the chips and give the right answer. The errors made by the sixteen children who
were unsuccessful in counting were: (1) counting all the chips; (2) skipping some chips while
counting; and (3) counting one or more chips twice. The common strategy used by children who
successfully solved counting Items 1, 4, and 5, was touching the chips in a systematic fashion,
proceeding from right to left.

In the items that required children to compare two stacks of chips that differ in height in a
visually obvious way (i.e. Items 2 and 3), most of them (i.e. eleven children) were able to tell which
pile had more chips. Fewer children, but still the majority (i.e. nine children), were able to say which
stack had less chips. Children who failed these items seemed not to understand the words more/less
and simply started to play with the chips.

The test recommended going to Level 1 if three or more answers in Level O are correct, only six
children got three or more right answers in Level 0, and thus they were administered the items of
Level 1. Results show that none of the children were able to answer Item 1 whereas just one child was
able to correctly answer Items 2, 3 and 4. None of them could answer the remaining items.

Revista semestral de la DIUC 44



MASKANA, Vol. 6, No. 1, 2015

4.2. Kindergartners

Although Level 1 corresponds to the age of the kindergarten children, Level O was also applied to
them as to analyze the performance of children on this less advanced level. The performance of the
kindergartners in Level 0 was as follows (see Table 1): twenty one out of thrity two children
confidently counted from 1 to 10 (preliminary item of the test). The remaining eleven children failed
in saying the string of the counting words in the correct order. The common mistake was to leave out
one or more numbers in the sequence (e.g. 1, 2, 3, 5, 6, 8, 9, and 10).

The majority of the children (i.e. twenty seven children) succeeded in counting a set of three
chips that were placed in front of them (Item 1). The remaining five children were unable to solve this
item; the common mistake made by all of them was to say more words than chips touched. Fewer
children, but still the majority (i.e. twenty children), were successful in solving Item 4 which required
them to count a set of four yellow chips that are intermixed with three red chips in a row. Twelve
children failed solving this problem. Unsuccessful children usually mismatched the number words
with the correct number of chips. In the most complex problem of this level (i.e. Item 5) that required
children to count a set of eight red chips that were intermixed with seven yellow chips in a randomly
distributed array, thirteen children came up with the right answer, whereas nineteen of them did not;
the most common errors were: (1) forgetting which chip they started with; (2) counting one or more
chips twice; and (3) mismatching the number words with the correct number of chips. In all the
problems that required children to count, the most common strategy used by children was touching the
chips in a systematic fashion and saying the number word. They usually proceeded from right to left.
Most of the children (i.e. thirty children) gave a right answer in the items that required them to tell
which stack had more or less chips (Items 2 and 3).

Turning to Level 1 items, it was strikingly found that none of the children were capable of giving
a correct answer to Item 1 that required adding 4 plus 3 chocolates. The strategy they used when trying
to solve this item was to show the fingers while trying to count but they failed to give the correct
answer. Most of them responded by saying “I don’t know”, by taking a wild guess (e.g. “nine”), or by
simple not saying anything. Only eight children knew the answer to Item 2 (i.e. what number comes
right after 7). Even fewer children (i.e. five children) responded correctly to Item 3 that required them
to tell which number comes two numbers after 7. For both items the strategy used by successful
children was to count up from one. Those who failed responded by taking a wild guess or by saying “I
don’t know”. When asked the question “how do you know?”” (This question applies only to children
who correctly answer Items 1, 3, and 7 at Level 1) their answers were very limited; they said “because
I know”; “my mother told me”; or simply did not say anything.

A minimum number of children (i.e. two children) were able to tell which of two single-digit
numbers was bigger or smaller (Items 4 and 5). The common error made by children who failed these
items was to repeat the last number pronounced by the test-applier; for instance, for the question
“which is bigger five or four”, they answered “four”. None of the children could answer the rest of the
items.

4.3. Teachers” interview

In relation to the first question (i.e. teachers’ background) it was found that none of the three teachers
possessed a preschool/kindergarten teaching diploma. The preschool teacher had an Educational
Psychology diploma whereas both kindergarten teachers had a Primary School diploma. In relation to
the years of teaching experience (Question 2), it was found that the preschool teacher as well as one of
the kindergarten teachers had been working with young children for 6 years while the other
kindergarten teacher had been teaching for 23 years at this level.

On the question if the teachers felt prepared to teach mathematics to young children (Question 3),
all of the teachers said that they did not know how to support children’s knowledge of mathematics for
the following reasons: (1) they did not learn how to do it during their training; (2) there were
inconsistency of ideas in the workshops or seminars they attended addressed at improving young
children’s education; and (3) lack of adequate literature. When asked about their belief regarding
young children’s informal mathematical knowledge (Question 4), they said that most of their children
grew up in disadvantaged environments most likely lacking mathematical experiences; hence, they

Revista semestral de la DIUC 45



MASKANA, Vol. 6, No. 1, 2015

concluded that children did not possess informal mathematical knowledge. For this reason, they
believed that instruction in the preschool and kindergarten must be narrow and limited. Additionally,
teachers considered that it would be very difficult for those children to learn important mathematics
competencies (Question 5), such as counting, simple addition and subtraction, problem solving and
others, since young children do not have the capacity to learn such skills. By contrast, when they were
asked how important it was for the children to learn relevant mathematical concepts (Question 6) they
all said that it was very important because it forms the basis for later mathematical learning.

In Question 7 the teachers were asked to name the mathematical competencies taught to their
children. The preschool teacher said that she concentrates in teaching some notions (e.g. big-small;
inside-outside and so on), basic colors and recognition of shapes (circle, square, triangle and
rectangle). The kindergarten teachers said that to prepare children for school entry they focused on
teaching notions (e.g. near-far; up-down; and so forth), colors, geometric shapes (circle, square,
triangle and rectangle), classification, ordering, conservation, route counting (from 1 to 10), making
collections up to 5 objects, and writing the numbers from 1 to 5.

In relation to the teaching approaches (Question 8), the three teachers mentioned that they plan
activities beforehand, according to the class schedule. Most of the activities include a distribution of
worksheets for children to work on them. They also said that direct teaching was more commonly used
than opportunistic teaching and whole-class teaching more frequently used than co-operative learning
in small groups and classroom discussion. Furthermore, when asked if children were required to give
the reasons of their answers, they said that just occasionally some children were told to explain their
answers.

Finally, the teachers were asked the number of hours per week that they spend teaching
mathematics (Question 9). The answer was between 4 and 5 hours, roughly. They argued that young
children do not like mathematics, but prefer other activities. They also were concerned that young
children would be frustrated if the preschool/kindergarten curriculum is too advanced.

5. DISCUSSION

The study revealed that most of the preschool children of the case study public school were
unsuccessful in answering the majority of the items in the test. Although more than half of them were
able to compare two groups of objects that differ in size and tell which has more or less objects, most
of them failed answering the items that required counting. Moreover, less than half of the children did
not even succeed the preliminary item of the test that required a verbal counting from 1 to 10. These
results are in sharp contrast with research findings claiming that preschool children are capable of
apprehending small collection of objects without counting (Baroody, 2004; Clements & Sarama, 2007;
Sarama & Clements, 2009); able to count verbally from 1 to 10 (Sarama & Clements, 2009); and
understand the rules that underlie counting, i.e. one-to-one correspondence (each item must be counted
only once) and cardinality (the last counting word indicates the cardinal value of a collection) (Gelman
& Gallistel, 1978). Unfortunately, many of the preschoolers in the present study did not develop such
competencies yet; as it was found that they counted two times the same chip, or that they counted
correctly three chips, but were not able to give the last number said in the answer. In addition, when
asked to count a row of chips they counted proceeding from right to left; however, at this age, most of
the children usually count proceeding from left to right (Griffin, 2005).

Regarding kindergartners, this study demonstrated that although most of them were able to find
out how many objects there were in a collection of 3 and 4 objects, they were unsuccessful in using
counting to determine the number of objects in a collection of 8 objects when presented in a mixed
array. This differs from previous findings that state that at the age of 5 years, children are able to count
scattered groups of objects greater than 10 (Sarama & Clements, 2009). It was also found that they
were unable to solve the addition problems (even though it involved small numbers). Contrary to these
results, research suggests that 5-year-olds can solve simple addition and subtraction word problems
even without having real objects available to count (Kilpatrick et al., 2001). Researchers have also
found that kindergarten children are able to tell which number comes next in the counting sequence,
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and to determine (in the absence of countable objects) which of two numbers is bigger or smaller
(Griffin, 2005). Nevertheless, as seen in the results section, just very few kindergartners were able to
solve these problems. Furthermore, children’s answers to the question “how did you figure that out?”
for Items 3, Level 1, demonstrate their lack of ability to reflect on their own reasoning and
communicate it in words. Finally, although these children are at an age when children typically count
objects proceeding from left to right (Griffin, 2005), most of them counted proceeding from right to
left.

The study reveals further that there was a strong belief among teachers that young children are
neither capable of carrying out natural mathematical reasoning, nor enjoy mathematics. Based on this
assumption, mathematical instruction is limited in general. Although the teachers stated that
mathematics is important for children, they did not translate this belief into practice. In addition,
teachers considered that teaching some basic notions, such as geometric shapes, colors, logical
operations (classification, ordering and conservation), rote counting, and numbers-writing, are the
most important skills for children to learn before entering elementary school. However, they did not
take into account important competencies such as subitizing, number composition and decomposition
or equal partitioning (Baroody, 2004; Sarama & Clements, 2009). Moreover, a conversation about the
methods of teaching revealed that children usually spend prolonged periods sitting at tables to
complete pencil and paper tasks (which would be inappropriate even for substantially older children);
that there is little opportunity for conversation among children and children and teachers, and that
rarely advantage is taken of opportunities during the day to teach math (e.g. in outdoor physical
games, during lunch time, and so on). On the other hand, as stated only 4 or 5 hours per week (out of
the 22.5 hours children spend in the school) are on average designated to mathematics. Consequently,
it is clear that the mathematical activities of children and teachers in the sample school are at the low
side. The preliminary findings suggest low mathematics performance of preschool and kindergarten
children in the case study school in Cuenca. However, more studies involving different - public and
private - schools and teachers are needed to generalize these findings.

6. CONCLUSIONS

The study was carried out with the objective of assessing the level of mathematical competencies of
children attending a public Ecuadorian preschool and kindergarten, as well as their teachers’ beliefs
and practices. With respect to children's competencies, our cross-sectional descriptive study
demonstrated that the majority of preschool and kindergarten children do not possess the mathematical
competencies identified as important for later mathematics understanding. In this context, it is
necessary that all young Ecuadorian children, and especially children from low socioeconomic
backgrounds (who are more at risk of academic failure), have the opportunity and are stimulated to
develop during early school years a solid basis in mathematics. To ensure this, the ways in which
today mathematics in public preschools and kindergartens is taught need to reflect current thinking and
contemporary research on early childhood mathematics education. Therefore, a redefinition of the
Ecuadorian kindergarten mathematics curriculum that incorporates the development of the Big Ideas
among other current trends in math education will be beneficial for advancing children's mathematics
growth and development. This might stimulate children's early mathematical knowledge and skills and
thus might prepare them academically for grade one and beyond. Conversely, the consequences of
ignoring the early childhood mathematics education could be detrimental for the children as they could
become victims of a spiral of failure and frustration.

On the other hand, it was found that teachers’ beliefs and practices in the studied school influence
inversely the way in which mathematics is approached. Their belief that young children do not enjoy
using mathematics or that they are not capable of carrying out complex mathematical thought
negatively affect the time dedication and the customization to the age level of mathematical
instruction. Therefore, it is necessary that teachers change their attitudes towards children capacities
and become aware that children possess a mathematical potential that should be developed with
appropriate methods of instruction. Additionally, there is a need for more pre- and in-service training
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for Ecuadorian teachers so that they know how to support children’s knowledge of mathematics.
Having a more explicit understanding of the current state-of-the-art about young children
mathematical competencies will help teachers to evolve their teaching from heavily mediated
teaching, known as explicit instructing, to teaching with an increasing amount of active learning. The
main task of teachers should be to stimulate the children, to incorporate them actively in the learning
process, to bring the classroom to life (Griffin, 2004: 179).

In addition, it is important that all the people working in the field of education, i.e. government
representatives, principals, teachers, school leaders, and others, contribute to improve the quality of
early mathematics education that children receive. Among other measures, certainly a curriculum
review must be conceived with great care, starting by studying recent research in the subject area.

A limitation of this study is the fact that findings reflect the situation of one single public school.
Another limitation is that given the small sample of surveyed children and interviewed teachers, broad
conclusions regarding the status of mathematics in preschool and kindergarten settings cannot be
drawn. However, given the large fraction of young children at national level attending public
preschools and kindergartens, the risk that many youngsters fall behind in mathematical development
is not unlikely. To come up with the most appropriate and complete measures to improve
mathematical instruction at preschool and kindergarten level in Ecuador’s public schools further
research in this area is more than necessary. Future studies should pursue a deeper analysis of
children’s strategies and mistakes, include class observations, encompass intervention studies where
the effectiveness of existing intervention programs for children’s math development is tested, and
foresee the follow-up of groups of children over longer periods of time.
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Appendix 1

Number Knowledge Test (Griffin, 2005)

Preliminary Item
Let’s see if you can count from 1 to 10. Go ahead.

Level 0 (4-year-old level): Go to Level 1 if 3 or more correct.

1.

2.

Can you count these chips and tell me how many there are? (Place 3 counting chips in
front of child in a row.)

a. (Show stacks of chips, 5 vs. 2, same color.) Which pile has more?
b. (Show stacks of chips, 3 vs. 7, same color.) Which pile has more?

a. This time I’m going to ask you which pile has less. (Show stacks of chips, 2 vs. 6,
same color.) Which pile has less?

b. (Show stacks of chips, 8 vs. 3, same color.) Which pile has less?

I’m going to show you some counting chips (Show a line of 3 red and 4 yellow chips in
arow, as follows: RY R Y R Y Y). Count just the yellow chips and tell me how many
there are.

(Pick up all chips from the previous question.) Here are some more counting chips
(show mixed array [not in a row] of 7 yellow and 8 red chips.) Count just the red chips
and tell me how many there are.

Level 1 (6-year-old level): Go to Level 2 if 5 or more correct.

1.

If you had 4 chocolates and someone gave you 3 more, how many chocolates would
you have altogether?

What number comes right after 7?

What number comes two numbers after 7?

a. Which is bigger: 5 or 4?

b. Which is bigger: 7 or 9?

a. This time, I’'m going to ask you about smaller numbers. Which is smaller: 8 or 6?
b. Which is smaller: 5 or 7?

a. Which number is closer to 5:6 or 2? (Show visual array after asking the question.)
b. Which number is closer to 7:4 or 9? (Show visual array after asking the question.)
How much is 2 + 4? (OK to use fingers for counting.)

How much is 8 take away 6? (OK to use fingers for counting.)

a. (Show visual array 8 5 2 6. Ask child to point to and name each numeral.) When you
are counting, which of these numbers do you say first?

b. When you are counting, which of these numbers do you say last?

Level 2 (8-year-old level): Go to Level 3 if 5 or more correct.

1.
2.
3.

5.

What number comes 5 numbers after 49?

What number comes 4 numbers before 60?

a. Which is bigger: 69 or 71?

b. Which is bigger: 32 or 28?

a. This time I’m going to ask you about smaller numbers. Which is smaller: 27 or 32?
b. Which is smaller: 51 or 39?

a. Which number is closer to 21:25 or 18? (Show visual array after asking the question.)
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b. Which number is closer to 28:31 or 24? (Show visual array after asking the question.)

6. How many numbers are there in between 2 and 6? (Accept either 3 or 4.)
7. How many numbers are there in between 7 and 9? (Accept either 1 or 2.)
8. (Show visual array 12 54.) How much is 12 + 54?
9. (Show visual array 47 21.) How much is 47 take away 21?

Appendix 2

Teachers™ questionnaire

el NS -

o

© 0 N o

Do you have a teaching diploma? If yes, what is your diploma title?
How long have you been working as a preschool/kindergarten teacher?
Do you feel trained to teach mathematics in the early grades?

Do you think that children develop informal mathematics knowledge of before entering
preschool/kindergarten?

Do you think that preschool/kindergarten children are capable of learning number and
arithmetic skills (e.g., counting, simple addition and subtraction)?

Do you consider important to teach mathematics to preschoolers/kindergartners? Why?
Could you list the mathematical competencies that you teach in this school level?
What are the teaching strategies used to teach mathematics in your class?

How many hours per week do you devote to the teaching of mathematics?
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