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Abstract The Government of Papua New Guinea undertook a significant step in
developing curriculum reform policy that promoted the use of Indigenous knowledge
systems in teaching formal school subjects in any of the country's 800-plus Indigenous
languages. The implementation of the Elementary Cultural Mathematics Syllabus is in
line with the above curriculum emphasis. Given the aims of the reform, the research
reported here investigated the influence of children's own mother tongue (Tok Ples) and
traditional counting systems on their development of early number knowledge formally
taught in schools. The study involved 272 school children from 22 elementary schools
in four provinces. Each child participated in a task-based assessment interview focusing
on eight task groups relating to early number knowledge. The results obtained indicate
that, on average, children learning their traditional counting systems in their own
language spent shorter time and made fewer mistakes in solving each task compared
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to those taught without Tok Ples (using English and/or the lingua franca, Tok Pisin).
Possible reasons accounting for these differences are also discussed.
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Background

Since 1992, the Government of Papua New Guinea (PNG) through the National
Department of Education (DOEPNG) developed education and curriculum reform
policies that emphasised community-based education through the use of vernacular
languages and Indigenous knowledge systems in teaching formal school subjects
(DOEPNG 2003; 2002). One of the aims of the reform is to preserve the country's
linguistic and cultural diversity of the Indigenous languages, many of which are in
danger of becoming extinct as a result of the older generation not able to pass on the
wealth of local knowledge and oral history to the younger generation. This is partly a
result of many school-age children moving away from their local communities because
of formal schooling (Nagai 1999; Nagai and Lister 2003; Matang 2002). The imple-
mentation of the community-based education reform policies has resulted in the
establishment of elementary schools at the village level. Thus, the emphasis of the
reform is in sharp contrast to past mathematics curriculum content and classroom
practices used in schools. These were informed by a dominant view that promoted
the idea that mathematics is culture- and value-free knowledge (Bishop 1991; Ernest
1991) and thus independent of sociocultural thinking and influence. All classroom
teaching was done in English as an official language of instruction. Curriculum content
also lacked the necessary local content that reflected students' own home and cultural
backgrounds. Consequently, the curriculum emphasis was also in conflict with the
commonly accepted educational theory which promoted the view that learning is more
effective and meaningful if teaching begins from what the students already know and
are familiar with (D'Ambrosio 2001; Kaleva 1995; Matang 1996; 2005; 2006; Matang
and Owens 2004). However, the effectiveness of the reform required further
investigation.

Papua New Guinea's cultural diversity

Existing linguistic evidence suggests that the 800-plus distinct Indigenous languages of
PNG make up one sixth of the world's total known languages (Lean 1992). The
languages in PNG are often classified into two distinct groups, the Austronesian
(AN) and the non-Austronesian (NAN) or Papuan languages, although some have a
degree of hybridity. The NAN languages come from a wide variety of language
families and some isolates. Many languages also have dialects. It is generally said
among the leading linguists who specialise in the study of Pacific languages (e.g.
Capell 1969; Lynch, Ross and Crowley 2002; Pawley, Attenborough, Golson, and Hide
2005; Ross, Pawley, and Osmond 1998) that researching and documenting the 800-plus
Indigenous languages of PNG provides the greatest challenge to any linguist or
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researcher because there exists tremendous variation in grammar, vocabulary, and
language structure. In this connection, Capell 1 (1969) when comparing the tenses
found in the European languages with the Indigenous languages of Papua New
Guinea commented:

In the languages of [Papua] New Guinea will be found tremendous variation of
both vocabulary and structure. Most of them are grammatically complicated,
many of them extremely so. Verbal systems may be exceedingly elaborate;
subdivisions of the commonly recognised European tenses may appear in the
morphology, and on the syntactic level the presence of participal constructions
may produce utterances rather like the ‘periodic’ sentence type of the classical
Greek and Latin, and some present-day German (p. 13).

What is more interesting about Capell's above description is that he found some of
these Indigenous languages to have very elaborate gender or noun-class systems, ‘often
involving grammatical concord with all conceptually connected parts of the utterance’
(p. 13). He noted that complications appear in either noun or verb systems. It is this fact
that convinced Capell (1969) to suggest the names ‘event-dominated’ and ‘object-
dominated’ languages as one of the ways in which to classify the languages. Thus, a
language is classified as event dominated if it ‘has a greatly complicated verbal system,
but pays little attention to the noun, lacking perhaps any system of classification or
giving very little attention to distinctions of number and relationships of case to other
parts of the utterance’ (p. 13). One such case involved a one-sentence utterance in the
Indigenous Kâte language (the present author's own mother tongue) which necessarily
required Capell (1969) to break it up into six separate English-language sentences, after
which he commented:

In such an utterance only one main verb is found and that is at the end (ŋeekaˀ);
everything else is expressed by an elaborate set of participles whose full intricacy
cannot be expressed in the interlinear translations given here, and which cannot
be literally translated into comprehensible English (p. 14).

Thus, the whole interest of any utterance in Kâte, a NAN language, lies apparently in
what happened, when it happened, and how it happened, rather than in the people or
object involved or the place of the occurrence. For this reason, the Kâte language is
properly termed as an event-dominated language. On the other hand, an utterance in
Baining, also a NAN language spoken by the Baining people in East New Britain
Province, is an object-dominated language because the bulk of the attention is given to
the persons and objects such that the action words are allowed to take care of
themselves (Capell 1969). Both the AN and NAN languages in this study were
event-oriented languages, but within this category, there are large evident differences.
Kâte, for example, is very complex. AN languages have different structures including
sentence order and post-positional logical connectives compared to the range of NAN
languages.

In addition, one rarer type of language classified as “numeral-dominated” is the
Kiwai language spoken by the Indigenous people who live around the mouth of the Fly

1 Capell's classification is one example of the complex ways of describing PNG languages by linguists
working in PNG. See SIL website or Foley's work for further examples.
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River in Western Province.2 As noted by Capell (1969), in Kiwai language, there is
‘prefixal indication of the manner of the actions – one action only, one action repeated,
a number of actions together or in sequence needed to carry out the task in hand’ (p.
15). In mathematics education, these structural features are significant in educational
terms because they influence the way a school child responds and solves an arithmetical
problem. The Indigenous languages structure the problem-solving method employed
by the child in solving the numerical tasks at hand or for that matter any other task in
everyday situations. These are but some of the structural features that illustrate a
staggering and complex linguistic and cultural diversity found among the Indigenous
languages of PNG. These structural features have significant implications for cognition
and learning not only for school mathematics but also for other school subjects. There
is a need to conduct quality research to find out to what extent the Indigenous
languages influence the way school children learn and perform school-learning tasks
in the formal school system in PNG.

It is beyond the scope of this article to analyse results in terms of this diversity.
However, it should be noted that Tok Ples (the language of the place) is at the centre of
the study by comparison to a widely used lingua franca (Tok Pisin) and English (the
formal language of instruction in schools introduced in Grade 2 but mainly in Grade 3
in Primary Schools at the time of the study).

Curriculum reform and Cultural Mathematics Syllabus

The implementation of curriculum reform via the elementary Cultural Mathematics
Syllabus (DOEPNG 2003) is a significant shift from previous mathematics curriculum
content used in PNG schools since the end of World War 2 in 1945 (Matang 1996). It
takes into account the concerns raised by mathematics educators (e.g. Bishop 1991;
D'Ambrosio 2001; 2006; Matang and Owens 2004) of the need to integrate the
students' everyday cultural practices of mathematics or ethnomathematics into the
formal mathematics curriculum. Thus, it emphasises the role of children's own thinking,
cultural background, language, and everyday out-of-school mathematical experiences
in their learning of school mathematics (DOEPNG 2002; 2003; Matang 2005; 2006).

The significant feature of the Cultural Mathematics Syllabus is its emphasis on
utilising the children's own mother tongue or vernacular in teaching school mathemat-
ics in their first 3 years of formal education. The syllabus also encourages teachers to
take advantage of the existing Indigenous knowledge found in the cultural practices of
mathematics that also include students' own everyday mathematical experiences. This
is officially acknowledged as part of the rationale for the Cultural Mathematics
Syllabus that reads:

Students at Elementary School will be able to link new mathematical concepts
from … their existing cultural knowledge. … [They] will integrate this knowl-
edge so that they can confidently use mathematics in their everyday lives. The
Elementary Cultural Mathematics course provides many opportunities for

2 No such language group was used in the current study to the best of my knowledge.
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relevant and purposeful learning in an environment that is built on the principles
of home life (DOEPNG 2003, p. 1–2).

In terms of using any of the 800-plus Indigenous languages of PNG as language of
formal classroom instruction as well as Tok Pisin3 and/or English, the Department of
Education stated this explicitly as part of the Secretary's message (DOEPNG 2003, p.
4) that reads:

Students' language abilities, already gained in their home environments, must be
respected, built on and extended. Vernacular languages have a large part to play
in our students' formative years and their first language should be used to promote
a deeper understanding of difficult concepts when this is necessary.

The education reform thus promotes and preserves the rich cultural and linguistic
diversity of the Indigenous languages of PNG which are fast disappearing as a result of
dominant Western influence (Matang 2002; 2006; Nagai 1999; Nagai and Lister 2003).
The reform as well as the rich cultural heritage of the Indigenous languages provides an
ideal research context to compare any observed differences in performances of school
children on task-based early number assessment from groups having different lan-
guages of instruction but across different home cultures and languages.

Ethnomathematics and Indigenous languages of PNG

Ethnomathematics is a multidisciplinary field of research drawing on cultural anthro-
pology, linguistics, mathematics, mathematics education, and mathematical cognition
(Bishop 2004; D'Ambrosio 2001; 2006; Matang 2005: 2006). In the context of this
study, the term ethnomathematics provides a general framework to investigate the
relationships and the interplay between culture, language, and mathematics. This has
implications for mathematics education in terms of educational theory, policy, and
practice. Ethnomathematics is an academic field concerned with the study of
Indigenous cultural knowledge of mathematics embedded in the everyday cultural
practices of mathematics. Its main aim is to engender a deeper understanding and
appreciation of the formal concepts of mathematics in relation to its everyday applica-
tion, thus further providing a rationale for studying and teaching school mathematics
(Bishop 1991; 2004; D'Ambrosio 2001; 2006; Masingila 1993; Matang 1996; 2002;
2003).

‘In accepting that human language, rules and agreement play a key role in estab-
lishing and justifying the truths about mathematics’ (Ernest 1991, p. 42), Wortham
(1998) contended that cognitive accomplishments rely in part on structures and pro-
cesses outside the individual mind particularly those interactional structures that are
created through language use and social interaction. This is because most cognitive
accomplishments rely in part on language, and language in use has representational,
interactional, and event-related functions resulting in relational patterns in particular
verbal practices. In this vein, Galligan (2001) in noting the important role of language

3 Tok Pisin is a Creole that is a widespread lingua franca across PNG. It is sometimes referred to as Melanesian
PNG Pidgin.
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in mathematics learning commented that ‘there is ample evidence in the linguistic
literature suggesting that linguistic attributes can affect cognitive processing in general
[where] some linguistic attributes of a language may allow for a lower cognitive load
and hence more efficient processing than in English’ (p. 113). Under the situated
learning approach, students are treated as active participants of information-sharing
learning experience in authentic activities rather than passive recipients of information
presentation which is characteristic of a transmission model of instruction (Hung 2002;
Matang 1996). Such an approach to classroom learning also provides additional
incentive for students to successfully learn school mathematics in terms of knowledge
ownership. This in turn increases their confidence and self-esteem during classroom
performances. As noted by Munro (2003, p. 1) ‘successful mathematics learning
requires the efficient processing of the information that defines the arithmetic tasks’
at hand. Thus, information processing is concerned with the ways in which individuals
make sense of, or interpret, the information to which they are exposed.

Evidence from comparative studies investigating the relationship between number and
language and its impact on children's numerical development in different countries (e.g.
Clarkson 1993; Fuson 1991; Fuson and Kwon 1992; Miura, Kim, Chang, and Okamoto
1988; Park 2000; Saxe 1982, 1991; Song and Ginsburg 1987) has provided strong support
for formal education systems around the world to use children's own mother tongue in
teaching school mathematics particularly those from diverse cultural backgrounds. Reviews
in SouthAfrica showed that the ‘benefits of mother tongue instruction is the norm’ except in
some Asian and African countries. Furthermore, Tanzania and New Zealand dedicated
resources to developing the mathematical register in Swahili and Māori, respectively, not
just for nationalistic reasons but for the rights of the child to learn in their mother tongue as
well as their right to learn English at a later stage of schooling (Adler 2002).

However, this is not without dilemmas (Adler 2002). For example, in code
switching,4 questions arise around whether code switching should occur, when it should
occur, what resources are needed, and how the languages are valued. There are issues
related to competency in the language and what happens in class discussions. Adler
(2002) recommended that the mathematical content must be made visible and seen as
an object of study as much as of communication while there needs to be clarity and
access to mathematical discourse and explicit learning on the discourse.

In Meaney, Trinick, and Fairhall's (2012) report on mathematics in a Māori medium
school, Te Koutu, children were doing well compared to evidence that Māori students in
mainstream schools were not achievingwell. They drew the conclusion that ‘their fluency in
te reo Māori enables students at Te Koutu to become mathematical chiefs’ (p. 1). As one
teacher said ‘mathematics is a way of life’ for children in the marai, especially in preparing
food, in the cultural designs, and in land distribution. There were also logical connectives in
the language that could be combined with new mathematical features:

Maori verbal numerical markers do not have English language counterparts and
differ according to function of the grammatical expressions (Trinick 1999). For
example, the verb particle ka is used when counting, e when quantifying, and kia

4 Code switching between languages occurs in many forms: e.g. the use of single words or a phrase of a
second language inserted inside a sentence of the main language being used; grammatical variations of the
main language reflecting the second; complete sentences repeated in the second language or inserted into the
main language; reflection of connectivity between the speaker and the audience; explanation; ease of use.
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when expressing a need for a certain number of things. In te roa Māori, numbers
are preceded by a range of particles depending on the function and context.
(Meaney, Trinick, and Fairhall 2012, p. 83)

Dowker and Lloyd (2005) noted that better performances by children from non-
English speaking countries may relate to the influence of cultural characteristics such as
the way in which numbers and arithmetical relationships are expressed in a language. In
particular, Dowker (2005) noted that the ‘degree of regularity of an oral counting
system could be important either because the base system that it uses is made explicit or
because the oral counting system is consistent with the written counting system; and
that the two need not be exactly the same’ (p. 211). Both of these observations are true
of the relationship between Indigenous languages of PNG and their respective tradi-
tional counting systems (see Tables 1 and 2) where the oral counting words are
consistent with the sequence of written numerals for English arithmetic used in schools.
In the everyday context, these number and arithmetical relationships are made explicit
during any counting task through the use of number words from the frame pattern
following the cyclic pattern of the counting system (see examples in Table 1) aided by
the physical use of fingers and toes (Matang 2005; 2006).

Nevertheless, the Māori Poutama Tau Project – improving student performance in
mathematics through improving the professional capability of teachers – used the new
number framework adapted by the New Zealand Ministry of Education. This has
similarities to the assessment items used in the current project. It also required the
development in the new mathematical register to include:

Count on tatau ake
Skip count tatau māwhitiwhiti
One-to-one counting tatau pangatahi
Inverse operation and place-value partitioning te paheko tau kōaro me te

wawahi uara tā

Finally, it should be noted that time was needed to talk with teachers about
the choice of words in the Māori mathematical dictionary and why it moved
away from the transliteration approach that had developed gradually among the
Māori after first contact with the English (McMurchy-Pilkington, Trinick, Dale,
and Tuwhagai 2009).

In Papua New Guinea, every language has its own traditional counting system which
is part of the ethnomathematical knowledge systems of PNG (Lean 1992; Matang
2005; Owens 2001; Smith 1986). An analysis of each traditional counting system (e.g.
Table 1) reveals that the counting number words are highly integrated with the
respective Indigenous languages in terms of cyclic pattern and frame pattern numerals
(Lean 1992; Smith 1980; 1986). The Indigenous languages and their counting systems,
both aspects of ethnomathematics, are structurally inseparable such that they provide
the important numerical and linguistic foundations for children beginning their early
number learning. It is for these reasons that Edgeworth and Edgeworth (1998, cited in
Dowker 2005) pointed out that English speakers may be at a disadvantage compared
with speakers of some other languages due to the inconsistencies between the counting
words and its figurative numeral system.
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Thus, language is reinforcing the ethnomathematics knowledge of the learner and
community, but language of use also comes with difficulties that may not be readily
addressed in Papua New Guinea with its many languages. Nevertheless, the teacher
who speaks their Tok Ples and has become fluent in English is expected to provide an
adequate transition between languages.

Role of traditional counting systems in early number learning

More than two thirds of the PNG Indigenous languages are NAN languages (Lean
1992; Smith 1986), many of which are digit-tally systems. Therefore, the NAN Kâte
language and its traditional counting system are a good example of the majority of the
traditional counting systems in PNG. An analysis of the Kâte counting system (see
Tables 1 and 2) reveals that it is a digit-tally system that uses the Kâte counting words
for hands and feet and is represented physically using both fingers and toes to
symbolise counting words (Matang and Owens 2004; Smith 1986). It has 2 as the

Table 1 Selected Indigenous languages and traditional counting systems of PNG

PNG Indigenous language Selected PNG traditional counting systems

Name of
language

Language type ‘Cyclic’ pattern
numerals

‘Frame’ pattern
numerals

Examples of
‘operative’ pattern

Kâte NAN (2, 5, 20) 1, 2, 5, 20 24=20+2+2

Yabem AN (5, 20) 1, 2, 3, 4, 5, 20 12=5+5+2

Gahuku NAN (2, 5) 1, 2, 5 3=2+1; 7=5+2

Adzera AN (2, 5) 1, 2 5=2+2+1

These languages were among the home languages of the children in this study. See Smith (1980), Lean (1992),
or Owens (2001) for further information on cyclic, frame, and operative patterns. Adzera is often considered a
hybrid language

AN Austronesian, NAN non-Austronesian or Papuan languages

Table 2 Relationship between
English (Hindu-Arabic) and tradi-
tional Kâte numeration systems

English
numeral
in figures

Equivalent Kâte
number word

Kâte ‘operative’
pattern for each
counting number words

1 moc 1

2 jajahec 2

3 jahec â moc 3=(2+1)

4 jahec â jahec 4=(2+2)

5 memoc 5

15 me-jajahec â kike-moc 15=10+5 or 15=5+5+5

20 ŋic-moc 20

28 ŋic-moc me-moc â
jahec-â-moc

28=(20+5)+(2+1)
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primary cycle, 5 which means one hand as the secondary cycle, and 20 which means
one man as the tertiary cycle (see Tables 1 and 2). The physical use of fingers and toes
in any counting task has long been recognised as an important counting strategy for
children beginning their early number learning. Its role in early number development
was noted by Professor Edward Taylor of Oxford University in 1871 that the practice of
counting on fingers and toes lies at the foundation of our arithmetical science (cited in
Lean 1992).

The overall structure of the Kâte counting system is therefore a combination of the
pair system and the quinary-vigesimal system. Its frame pattern is (1, 2, 5, 20), and its
cyclic pattern is (2, 5, 20) compared to English (1, 2, 3, 4, 5, 6, 7, 8, 9) and its cyclic
pattern of (10, 100, etc) (see Table 1). Further analysis reveals that each Kâte number
word is a compound of two or three equivalent single number words chosen from the
set of frame pattern number words for 1, 2, 5, and 20 so that, for example, 7 is a
compound of equivalent Kâte words for ‘five’ and ‘two’, 28 is a compound of ‘twenty’,
‘five’, ‘two’, and ‘one’, and so on. When this number combination principle is used, the
resulting operative patterns in Kâte are illustrated by 7=5+2, 28=20+5+2+1, and so
on (Table 2).

Unlike the disjoint number relationships found in the English numeration system,
the Kâte counting number words automatically provide the important number relation-
ships between the individual counting numbers in terms of their magnitude and order of
occurrence in any counting task. For example, the Kâte number word for 8 is ‘me-moc
â jahec-â-moc,’ and when expressed in its operative pattern, it is 8=5+(2+1).

Apart from emphasising the relative sizes of the counting numbers 8, 5, 2, and 1, the
equation 8=5+(2+1) also reinforces four important mathematical concepts relevant to
early number learning:

& The concept of addition as an operation quantifying the counting numbers 5, 2, and
1, and observing 8 as the resulting sum representing the total quantity of all the
addends;

& The mathematical equation 8=5+2+1 emphasises the idea that the statement on the
left-hand side is equal to the one on the right-hand side;

& The order of operation whereby the operation inside the grouping symbol ‘( )’must
be performed first. In everyday counting tasks, the emphasis is usually placed on
counting associations of two counting words ‘me-moc’ and ‘jahec-â-moc’ where
the connecting Kâte alphabet ‘â’ represents the idea of a plus sign (+) used in the
English number system;

& The idea of using one of the cyclic pattern numerals of 2, 5, or 20 as a composite
unit in constructing larger numbers, for example, 5 for numbers between 5 and 20,
likewise 20 which is a composite unit for every Kâte numeral beyond 20. This is an
important number strategy necessary for performing the four basic number opera-
tions (Matang 2005; Matang and Owens 2004; Owens 2000).

From the teaching and learning point of view, the above mathematical concepts are
important for children beginning their early number learning in the formal school
system. If relevant links are developed intuitively or formally by school children with
assistance from teachers who are also native speakers of the children's own mother
tongue, then they should perform as well or better than those children taught in either
Tok Pisin or English only (Matang 2005; 2006; Matang and Owens 2004).
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Research questions

Given the difference between English-based school mathematics and vernacular learn-
ing prior to school for children in Papua New Guinea, is there an advantage for children
to become competent and cognitively efficient in early arithmetic strategies if they learn
in their Tok Ples (original language of the children's family place) when they begin in
elementary school?

To assess whether children were more competent in early arithmetic strategies if they
learnt in their Tok Ples, the hypothesis was that children whose formal language of
instruction at school included Tok Ples would have fewer errors in a series of task
groups on early counting, numeral recognition, and arithmetic. To assess whether
children were more cognitively efficient in early arithmetic strategies if they learnt in
their Tok Ples, the hypothesis was that children whose formal language of instruction at
school included Tok Ples would take fewer seconds to respond to a series of task
groups on early counting, numeral recognition, and arithmetic.

Method

Participants

The study involved 272 school children, aged between 8 and 11 years, attending Grade
2 classes from 22 different elementary schools in four provinces of PNG. Rex Matang
was personally familiar with the language and communities of these schools. The
schools were selected in order to reflect the linguistic and cultural diversity among
elementary schools in PNG. There are highlands schools (NAN language), coastal/
island schools (AN), large valley schools in coastal provinces (AN, hybrid), hinterland
schools in mountains behind the coastal plains (NAN), and town schools.5 Thus the
schools were a better representation of schools in the country than if they had been
taken from just one province, region, or language group. They came from three of the
four designated regions of the country (the other region was not represented as planned
due to a natural disaster preventing the study taking place in that region during the
period of the study).

For the part of the research detailed in this paper, an analysis of variance was
employed.6 For this, in each school, the class teacher was asked to select nine top
students (five boys and four girls or vice versa) based on their internal school
assessment. This is to ensure that each school was represented by top performing
students as a means of maintaining uniformity in the selection process. There was
otherwise considerable variance in classroom numbers, attendance, and length of the

5 ‘Town’ refers to small city, mission station, government district centre, or housing associated with a business
such as a sugar refinery where there are likely to be parents of higher education levels, paid jobs, and various
cultures. Mission stations and government district centres can also be remote, and road access anywhere is on
poor roads if available.
6 While children came from a limited number of schools and school means could have been the unit for
analysis, each student is the unit of analysis despite the lack of randomisation which would have been
logistically not possible in PNG where known contacts need to be used in research and required information
for randomisation is unavailable.
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tail of achievement of poorer students, making a random sample inappropriate as too
many uncontrolled variables would affect the comparisons. It reduced the difference in
variance between school types. Furthermore, it would be hard for the teacher with more
than 30 children to categorise lower-level students from which to select a representative
sample.7

Teachers taught the counting system of the language of instruction and taught
arithmetic concepts in the same language. However, the degree to which teachers used
the counting system language structures to teach arithmetic concepts would have varied
with teacher competence and training which was minimal. Rex Matang was familiar
with all the languages of the remote schools, but in town schools, the children's home
languages may have varied. The teacher generally chose the common language for the
children (Tok Pisin and/or Tok Ples), but in ‘towns’, the teacher may not have had Tok
Ples sufficient to teach in it. In some cases, Tok Pisin or English was used even though
a proportion of children also spoke the same Tok Ples well, but there may have been a
large proportion of children in the class with no Tok Ples or another Tok Ples.

The participating schools were categorised into one of the six school groups based
on the main language of formal instruction used in teaching children when they began
their formal education in the elementary preparatory class in each school. This was
confirmed from class observation, talking with the teachers, and a more formal
questionnaire. These categories 8 were Tok Ples-only (VO) schools (N=94), 9 Tok
Ples-Tok Pisin (VP) schools (N=52), Tok Ples-English (VE) schools (N=27), Tok
Pisin-only (PO) schools (N=49), Tok Pisin-English (PE) schools (N=32), and English-
only (EO) schools (N=18). Schools were classified as Tok Ples only if at least 80 % of
classroom time was conducted in children's own Tok Ples. The same criterion was
applied for PO and EO schools. Schools were classified as Tok Ples-Tok Pisin, Tok
Ples-English, and Tok Pisin-English if at least 40 % of the actual classroom time was
conducted in either one of the two languages. Tok Ples schools not only used Tok Ples
for instruction, but they also learnt to count and do basic arithmetic using Tok Ples
words. This was not the case if the school had no Tok Ples language of instruction. In Tok
Pisin-English schools, the counting words may have been both Tok Pisin and English
with use of numbers mainly being in Tok Pisin or simplified English. All 22 schools,
some with multiple classes at each grade, serve communities that are located within a
maximum of approximately one-hour walking distance of school children's homes.

Instrument

A highly modified version of the Schedule for Early Number Assessment (SENA) taken
from the NSW Department of Education and Training (DETNSW) Professional
Package Count Me in Too (Department of Education and Training, NSW 2002) was
used as the main instrument in this study. This schedule assists teachers to assess young

7 While this selection was necessary for improved analysis, this does reduce generalisation to all students, but
the main issues of representation of languages and impact of language of instruction are adequately investi-
gated by this selection.
8 In the abbreviations, V comes from vernacular as Tok Ples languages were the vernaculars, but today, Tok
Pisin as a Creole found across the country is also regarded as a vernacular. P denotes Tok Pisin, E is English,
and O is only.
9 N refers to the number of children in each category.

Papua New Guinea counting systems in development of arithmetic 541



children's early counting and arithmetic strategies (Wright 1991, 2002). The task-based
early number assessment (TENA) schedule consists of eight main task groups com-
prising a total of 40 tasks. These are numeral identification (nine tasks), forward
number word sequence (seven tasks), backward number word sequence (seven tasks),
subitising (six tasks), counting (three tasks), addition (three tasks), subtraction (three
tasks), and multiplication/division (two tasks). The Cronbach alpha inter-item reliability
test for mean percentage of incorrect responses per task group (ICR) used to measure
mathematics competency level based on this schedule across the six different groups of
language of formal instruction indicated a high internal reliability coefficient of 0.988.

Each child selected the language in which they wished to answer the questions, and
Rex Matang used this same language to ask the question, supplemented occasionally
by Tok Pisin if the child was using English or Tok Ples, just to clarify the question for
the child. The language of instruction in the classroom may have been different to the
language that the child selected to use, but it is likely to have been the same. Many
children are bilingual, especially in Tok Ples and Tok Pisin. Code switching between
languages occasionally occurred during interviews just as it did in classes.

A teacher questionnaire was administered to all teachers in participating schools. An
interview session was also conducted with ‘bridging’ teachers (who build on elemen-
tary schooling by attending to the transition of children into English at Grade 3 in
primary schools) to gauge their views on overall performances of elementary school
graduates entering Grade 3.

Procedure

Each child participated in an individual interview that used the task-based early number
assessment (TENA) schedule. Each interview session was conducted by Rex Matang in
either their home language Tok Ples (e.g. Kâte10 language) or Tok Pisin or English based on
the child's choice, and all sessions were videotaped. This allowed for the measurement of
time spent by each child solving each task and the determination for each child of the
number of incorrect responses across all task groups. On average, each interview session
took 30 min for each participant. Cognitive efficiency level was determined by the correct
reaction times (CRT) for correct responses measured in seconds. Based on cognitive
efficiency theory, the shorter the reaction times, the higher is the cognitive efficiency level
(Ericcson, Chase, and Faloon 1980; Groen, and Resnick 1977). The recording of correct
reaction times to the nearest hundredth of a second using a digital stopwatch was necessary
to enable the researcher to measure the small time differences for each participant during the
data analysis. Themean correct reaction times are the average of all correct reaction times or
the correct processing speed time of all tasks in each task group (Kail 2007; Kail and Ferrer
2007). This enabled the researcher to pick up the very minute differences (i.e. the smallest
variability) between each correct reaction time score for each child. The total of these mean
correct reaction times gave the final group mean for each language of formal instruction
school group. For each task group, the time taken to get correct responses was averaged
depending on the number of correct responses. Thus, in a task group, if there were eight

10 Kâte is the home language of Rex Matang. He taught in the other areas, so he could use those languages as
well. He undertook part of his study in elementary schools in his home area where there were VO, VE, PO,
and PE schools (Matang and Owens 2004; Matang 2005).
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tasks and four correct, the time taken to get correct responses was divided by 4. These
average times were then added to get an overall correct reaction time to measure cognitive
efficiency. The measure for correct reaction time is classified as ‘interval/ratio’ (Bryman
2004), so the statistical assumptions of analysis of variance (ANOVA) analyses were met.

The mathematics competency level was determined by the percentage of incorrect
responses (ICRs) out of the total number of tasks per task group. It is possible for a student
to score 0 % (i.e. all correct responses per task group) or 100 % for all incorrect responses
per task group. The fewer mistakes, the higher is the competency level in mathematics. To
compare across language of instruction groups and task groupswith different distributions,
standardised z-scores were taken. In considering the task groups and language of instruc-
tion group, the final group mean is the mean for all students in that school group or in the
task group. This is necessary to compare measures from different distributions (Greer
1980; Zeller and Carmines 1978) for finding of average time for correct responses and for
percentage of incorrect responses which were used to measure children's cognitive
efficiency level and mathematics competency level, respectively. The theory of automa-
ticity in mathematics (Hasselbring, Goin and Bransford 1987; Groen and Parkman 1972;
Wheatley and Wegner 2001) suggests that both fewer incorrect responses and quicker
correct response times will occur with increases in automatic responses to tasks. This may
be facilitated by stronger conceptual understanding. This might result from the early
connection of numbers from the counting word patterns that support groupings and
addition of some numbers to form a larger number which is prevalent in the Tok Ples
traditional counting systems of the languages used in the study.

Results

The study investigated the influence of language of formal instruction on children's
mathematics competency level by comparing the final z-scores for children's incorrect
responses (ICRs) on early number assessment using the task-based early number
assessment (TENA). Children with higher scores on incorrect responses showed less
mathematical competency level. Raw scores were converted to z-scores for comparison
across school group and task group, and final mean z-scores are provided. This partially
takes account of the variance in numbers in some groups, both for task group and for
school group. The influence of the language of formal instruction on children's
mathematics competency level was measured across eight TENA task groups (see
Table 3) for effect of the language of formal instruction. Table 3 and Fig. 1 show the
mean incorrect response scores across the language of instruction school group.
Percentages of number of incorrect responses out of the total number for the task group
were calculated and averaged. These range from 18.51 for the Tok Pisin-English (PE)
group to 26.39 for the Tok Ples-Tok Pisin group, indicating a poorer mathematical
competence. There are two clusters: less than or equal to 19 and greater than 24. The
use of Tok Ples and English seems to improve the overall performance.

Comparative analysis across TENA task groups in Table 3 for children's mathemat-
ics competency level reveals that Tok Pisin-English (PE) children scored the lowest z-
score of −0.99 followed by children in VO schools in second place with a standardised
score of −0.86. This result means that Tok Pisin-English children performed at the
highest mathematics competency level compared to children in other groups of
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different languages of formal instruction. While children selected the language for
responding and for being interviewed, it could be argued that the majority of testing
was in Tok Pisin but also the context and structure of the TENAwas closely related to
Western education systems possibly providing for this good result for Tok Pisin-
English children. On the other hand, Table 3 shows that out of the six groups, children
in Tok Ples-Tok Pisin (VP) school group performed at the lowest mathematical
competency level across the eight TENA task groups by scoring the highest
standardised score of 1.21 or highest total number of ICRs for all TENA task groups
compared to other school groups.

A three-group comparison of VO, PO, and EO schools in Table 3 indicates that
children in VO schools performed at the highest mathematics competency level having
scored the lowest z-score of −0.86 while children in PO schools had the lowest
mathematics competency level as indicated by the highest z-score of 0.84 (mean higher
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Fig. 1 Means of percentages for incorrect responses out of total number of tasks per task group across groups
designated by language of formal instruction. Note. The lower the mean score for ICR, the higher is the
mathematics competency level

Table 3 Mean scores for incorrect responses (ICRs)

Language of formal
instruction school
group

ICR mean scores (%) on TENA task groups Task
group
mean

Final
z-score

Rank

TG1 TG2 TG3 TG4 TG5 TG6 TG7 TG8

PE (N=32; S=4) 3.47 2.23 19.64 8.18 11.46 36.46 38.54 28.13 18.51 −0.99 1

VO (N=94; S=7) 4.49 6.84 23.25 10.16 7.45 26.24 45.74 27.66 18.98 −0.86 2

VE (N=27; S=1) 3.70 3.17 21.69 12.35 8.64 23.46 49.38 29.63 19.00 −0.85 3

EO (N=18; S=1) 3.70 7.14 23.81 9.13 14.81 38.89 66.67 30.56 24.34 0.64 4

PO (N=49; S=5) 8.62 5.83 28.28 16.13 9.52 32.65 56.46 42.86 25.04 0.84 5

VP (N=52; S=4) 5.13 8.52 30.77 16.03 9.62 38.46 64.10 38.46 26.39 1.21 6

Mean of all groups 4.85 5.62 24.57 12.00 10.25 32.69 53.48 32.88 22.04 0.00

SD of all groups 1.95 2.44 4.17 3.45 2.59 6.52 10.91 6.27 3.58 1.00

TENA z-score −4.80 −4.59 0.71 −2.81 −3.29 2.98 8.78 3.03 0.00

TG1 numeral identification, TG2 forward number word sequence, TG3 backward number word sequence,
TG4 subitising, TG5 counting, TG6 addition, TG7 subtraction, TG8 multiply/divide, ICRs incorrect responses
as percentage of total number of questions in task – lower % means higher mathematical competency
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percentage of incorrect responses as z-score). This means that on average, children in
VO schools made fewer incorrect responses in contrast to children in PO schools who
scored the highest number of ICRs out of the three school groups. These results suggest
that children in VO schools have greater educational advantage in terms of competency
skills in mathematics when taught in their own mother tongue compared to PO and EO
children. The results also confirm the current educational theory that promotes the view
that children effectively learn faster if teaching begins from specific learning situations
that are familiar to the learners.

The comparative analysis of children's mathematics competency level in Table 3
reveals that children in the Tok Ples-English (VE) language combination have a lower
incorrect response mean (19.00) than the children in the Tok Ples-Tok Pisin group (VP)
with an incorrect response mean of 26.39. Tok Ples to English provides a better
bridging option for children taught in their own mother tongue compared to children
in the Tok Ples-Tok Pisin group. This means that children taught in the Tok Ples have
an educational advantage if the bridging into English takes immediate effect without
the need to use Tok Pisin as an additional language for bridging into English. This
suggestion is supported by studies in children's performance in information processing
skills (e.g. Kail and Ferrer 2007; Munro 2003; Rickard 1997) which suggest that the
speed of children's processing is greatly reduced during early childhood learning when
they are forced to learn in additional new languages, thus placing more constraints on
their short-term memory load.

The analysis of variance (ANOVA) performed across TENA task groups for chil-
dren's mathematics competency level in Table 3 indicated a high F ratio value of
84.615 significant at less than 0.001 level which implies that the differences between
the means for ICRs are unlikely to be due to chance (Bryman 2004). This suggests that
for the sample of 272 school children who participated in this study, it is reasonable to
assume that similar differences between the means for ICRs also exist within the
general population of children in elementary schools from four provinces that partic-
ipated in the study. Using the same statistical assumption, this result in turn means that
such differences also exist in the general population of elementary school children in
the country given the representation from four ecological regions and a variety of AN
and NAN languages.

Comparative analysis across the six groups designated by language of formal
instruction in Table 3 reveals that the subtraction tasks (TG7), on average, posed the
highest TENA difficulty level for children in all school groups in terms of their
mathematics competency level. This is indicated by the highest ICR mean score (%)
of 53.48. The result suggests that in terms of children's mathematics competency level,
subtraction task group was found across all language of instruction groups to be the
most difficult relative to other task groups. In terms of everyday use of traditional
counting systems, this result is not surprising because subtraction tasks are rarely used in
everyday cultural contexts of school children in contrast to the use of addition tasks.11 In
relative terms, this means that the subtraction task group (TG7) is the most unfamiliar of
all TENA task groups for school children, highlighting the important role of context in
children's successful learning of early number knowledge as advocated by the

11 This is based on Matang's lived experience in PNG. It has some support fromWassman and Dasen's (1994)
and Saxe's (1985) critiques of their own research on arithmetic.
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proponents of the theory of situated cognition (Lave 1988). This is in contrast to numeral
identification tasks (TG1) where children on average found it to be the easiest of all task
groups scoring the lowest number of ICRs as indicated by the lowest standardised score
of −4.80.

Furthermore, the Tok Pisin-English group (PE) had the lowest ICR on subtraction
tasks, indicating a grasp of subtraction as expected by the contextual nature of these
problems (that is a school-based concept with little connection to everyday life). For
many of these children, home and play involved a considerable amount of Tok Pisin.
The next lowest score was in the Tok Ples-only (VO) group suggesting that they had
gained a conceptual understanding of the difficult concept of subtraction in their own
languages.

Results from the analysis of correct reaction time across the groups having different
languages of formal instruction are presented in Table 4. This table indicates that
children in the Tok Ples-English formal language of instruction group had the highest
cognitive efficiency levels with the lowest z-score of −1.13 while children in the
English-only schools had the lowest cognitive efficiency level having the highest z-
score for mean correct reaction time of 1.26 compared to other school groups.

Understandably, the tasks involving numeral identification resulted in the highest
overall performance in terms of cognitive efficiency levels with the lowest final mean
of −6.56 on the standardised z-scores across all groups. By contrast, the tasks involving
multiplication (TG8) had the highest z-score of 9.32, indicating that children had the
lowest cognitive efficiency in completing these items. This score suggests that the
groupings in terms of cycles implicit in the languages or cultural activities may not
have been tapped into by the teachers when teaching multiplication. However, children
in the Tok Ples to English (VE) and Tok Ples-only (VO) group had the highest
efficiencies whereas the Tok Ples to Tok Pisin group had the lowest efficiency.

Table 4 Final group means for correct reaction times (CRT) (in seconds) measuring the effect of language of
formal instruction on children's cognitive efficiency levels (CEL) across eight TENA task groups

Language of formal
instruction school
group

Main TENA task groups/CRTs mean scores LFI
mean

LFI
z-score

Rank

TG1 TG2 TG3 TG4 TG5 TG6 TG7 TG8

VE (N=27; S=1) 1.65 6.00 9.31 16.10 8.22 9.36 13.61 23.38 10.95 −1.13 1

PE (N=32; S=4) 1.40 5.38 9.05 13.23 6.24 8.96 16.01 29.23 11.19 −1.00 2

VO (N=94; S=7) 1.64 6.44 11.43 15.20 8.05 9.03 20.42 24.95 12.15 −0.44 3

PO (N=49; S=5) 1.89 6.55 11.58 17.46 9.39 8.45 25.16 28.72 13.65 0.44 4

VP (N=52; S=4) 1.78 7.27 11.28 15.72 8.71 10.96 20.98 38.25 14.37 0.86 5

EO (N=18; S=1) 1.65 5.58 9.06 19.32 9.47 11.55 35.32 28.42 15.05 1.26 6

TENA mean 1.67 6.20 10.29 16.17 8.35 9.72 21.92 28.83 12.89 0.00

Stand. deviation 0.16 0.70 1.26 2.07 1.19 1.24 7.71 5.17 1.71 1.00

TENA z-score −6.56 −3.91 −1.52 1.92 −2.66 −1.85 5.28 9.32 0.00

TENA effect −11.22 −6.69 −2.61 3.28 −4.54 −3.17 9.03 15.94 0.00

TENA task-based early number assessment, TG task group, S no. of schools, LFI language of formal
instruction, CRT correct reaction time
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Comparison of Tok Ples grouping and non-Tok Ples grouping

A further analysis was undertaken to see the impact of Tok Ples as formal language of
instruction on performance. The six groups formed according to language of formal
instruction were divided into two groupings for comparison on overall mathematics
competency level as measured by the mean of the percentage of incorrect responses for
each subtest (lower scores indicated better performance) and on cognitive efficiency
level measured by the average time taken for correct responses proportional to the
number of items in the task group (lower scores indicated better performance). The two
groupings were called the Tok Ples grouping being those taught in Tok Ples only, Tok
Ples and Tok Pisin, or Tok Ples and English with the non-Tok Ples grouping consisting
of the Tok Pisin only, Tok Pisin and English, and English-only groups.

A two-group comparative analysis of children's cognitive efficiency levels measured
by correct response reaction time (CRT) between the two grouping categories (Table 5)
reveals that children in the Tok Ples grouping performed at a higher cognitive efficiency
level compared to performances of children in the non-Tok Ples grouping. This is
indicated by the fact that children in the Tok Ples grouping scored a lower mean score
of 12.49, indicating shorter mean reaction time for correct responses compared to
children in the non-Tok Ples grouping who scored higher CRT mean score of 13.30.
The two-grouping results from Table 4 further confirm earlier results (Matang 2005)
that the use of each type of language of formal instruction does influence the way
children perform on arithmetical tasks relating to early number knowledge. Table 5 also
confirms that children taught in their own mother tongue (i.e. Tok Ples grouping) have
an educational advantage in terms of familiar cognitive skills that are not enjoyed by
children in the non-Tok Ples grouping that do not use their mother tongue.

A one-way ANOVA indicated a large F-test ratio of 1,648.90 for the between-
groups variance compared to 0.001 for the within-groups variance. This result implies
that the differences between the means for response time for correct responses are
unlikely to be due to chance (Bryman 2004). Based on these results, it is reasonable to
assume that the difference in the use of each language of formal instruction by each
school group also resulted in the difference in performances of school children in terms
of their cognitive efficiency level. This suggests that the language of formal instruction
does have an influence on the cognitive performances of school children in each school
group. In the case of children in the Tok Ples grouping and non-Tok Ples grouping, the
results seem to suggest that children taught in their own mother tongue tend to enjoy
greater educational advantage than those not taught in Tok Ples at the elementary
school level.

Table 5 Language of formal in-
struction influence on cognitive ef-
ficiency levels measured by CRT
(correct reaction time) mean scores
(seconds) – Tok Ples grouping ver-
sus non-Tok Ples grouping

Tok Ples grouping Non-Tok Ples grouping

VO schools 12.15 PO schools 13.65

VP schools 14.37 PE schools 11.19

VE schools 10.95 EO schools 15.05

Group mean 12.49 Group mean 13.30

Standard deviation 1.74 Standard deviation 1.95
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The two-grouping results from Table 6 reveal that children in the Tok Ples grouping
comprising Tok Ples-only (VO), Tok Ples-Tok Pisin (VP), and Tok Ples-English (VE)
schools once again scored lower percentage mean score of 21.46 for incorrect response
compared to children in the non-Tok Ples grouping who scored a higher mean score of
22.63. In relative terms, this result suggests that on average, children in the Tok Ples
grouping scored fewer incorrect responses (ICRs) compared with those children in the
non-Tok Ples grouping.

Scoring a lower mean score for percentage of incorrect responses of total
items per group indicates that children in the Tok Ples grouping, on average,
displayed a higher level of competency skills in early school mathematics, that
is, a lower mean score of 21.46 compared to 22.63 for children in the non-Tok
Ples grouping who performed at a lower mathematics competency level. A one-
way ANOVA indicated a considerably large F-test ratio of 6,313.95 for the
between-groups variance compared to 0.001 for the within-groups variance.
These results imply that the differences between the means for ICRs for
children in the Tok Ples and non-Tok Ples groupings are unlikely to be due
to chance (Bryman 2004).

These results support the results of the Grade 3 teachers' questionnaire.
These teachers commented that children who have learnt basic mathematics
concepts in Tok Ples do well and have a strong conceptual basis for school
mathematics.

Discussion

These results show an educational advantage for children in the Tok Ples grouping not
enjoyed by children in the non-Tok Ples grouping who have been taught in either Tok
Pisin or English language without their mother tongue (Tok Ples). The main difference
between elementary schools having some Tok Ples education (Tok Ples-only, Tok Ples-
Tok Pisin, and Tok Ples-English schools) and those that have none (Tok Pisin-English,
Tok Pisin only, and English only) is in terms of language of formal instruction. The
children in VO schools spend at least 80 % of their classroom time learning to read and
write in their own mother tongue, and in the other Tok Ples groups, at least 40 % of the
time. This is unlike those in PE, PO, and EO schools who do not have an opportunity to
learn in their own language. Having to learn in their own language automatically gives
children in Tok Ples-only schools the opportunity to count and perform basic number

Table 6 Language of formal in-
struction influence on children's
mathematics competency level mea-
sured by incorrect responses (ICRs)
as mean score (%) – Tok Ples group-
ing versus non-Tok Ples grouping

Lower scores indicate higher
mathematics competency level

Tok Ples grouping Non-Tok Ples grouping

VO schools 18.98 PO schools 25.04

VP schools 26.39 PE schools 18.51

VE schools 19.00 EO schools 24.34

Group mean 21.46 Group mean 22.63

Stand. deviation 4.27 Stand. deviation 3.59
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operations using their own traditional counting systems. It is also highly possible that
the higher performance by children in Tok Ples-only schools is due to the longer time
spent by children in learning early number knowledge embedded in the counting
number words of respective traditional counting systems. This is an advantage that is
not enjoyed by children attending non-Tok Ples schools.

In the case of children in the Tok Ples grouping, learning to read and write in their
own mother tongue automatically enabled them to have greater access to familiar
contextual meanings and intrinsic cultural values associated with many of the abstract
mathematical concepts taught in early school mathematics. These important number
concepts and skills relating to early number knowledge are contextually embedded in
children's own traditional counting systems which are meaningfully expressed through
their own mother tongue which also provides a very familiar learning environment. For
elementary school children, the learning of early number knowledge in their own
mother tongue not only promoted knowledge ownership among school children but,
most importantly, also provided the missing link between the abstract ideas learnt in
school mathematics and the practical meanings provided by the out-of-school informal
mathematics found in children's own sociocultural environment. These practical expe-
riences of school mathematics are formally promoted and encouraged through the
implementation of the Cultural Mathematics Syllabus for elementary schools as part
of the reformed curriculum administered by the Department of Education in PNG
(DOEPNG 2002; 2003).

Moreover, the traditional digit-tally counting systems (e.g. Kâte)12 automatically
reinforce the idea of composite units in meaningfully assisting children to construct
larger numbers through the use of cyclic pattern numerals (i.e. 2, 5, 20) that are
physically expressed through the use of fingers and toes, and hands and feet. The
physical use of hands and feet, which is part of all digit-tally counting systems of PNG,
also automatically reinforces the cognitive processes and skills associated with early
number learning. Thus, through more practice, it is natural for individuals to become
efficient in performing basic number tasks (Wheatley and Wegner 2001) such as those
that are reported in this study.

The above observations are in line with the underlying assumptions of cognitive
efficiency theory which assumes that people very often seek to perform regularly
encountered tasks in as quick and easy manner as possible. This perspective suggests
the smoothing out of performances through dropping of extra actions that are no longer
considered necessary by the skilled performer (Groen and Parkman 1972; Groen and
Resnick 1977). Moreover, the results are also in line with the theoretical assumptions of
automaticity in mathematics which suggest that as basic skills are practised more, their
execution requires less cognitive processing capacity, thus becoming automatic
(Hasselbring, et al. 1987; Bransford and Vye 1989). Thus, an individual's ability to
succeed in higher level cognitive skills is directly related to his/her efficiency in
executing lower level cognitive processes. In contrast, the use of fewer counting words
connecting smaller counting words13 in Tok Pisin and English, coupled with their lack
of relevant physical support such as the use of hands and feet, reduces the performance

12 For Kâte results, see Matang (2008).
13 For example, 11 in English or nine in Tok Pisin and English are not connected to the morphemes of smaller
numbers.
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of school children in PO and EO schools on early number assessment. Furthermore, the
issues of code switching raised by Adler (2002) and others could be impacting on the
learning in PE and VP schools. While the above characteristics are an integral part of
the majority of all traditional counting systems in PNG, in terms of children's early
number development, they form an important numerical and linguistic foundation for
meaningful and effective learning of school mathematics in elementary schools.
Moreover, they also provide the relevant contextual meanings associated with formal
mathematical concepts taught in schools, thus providing the important linkage between
formal school mathematics and its everyday application such as those found in the
traditional counting systems of Papua New Guinea.

Conclusion

This study of the effect of language of formal instruction on students' ability to respond
correctly to a number of counting and early arithmetic tasks indicated that the Tok Pisin-
English group did slightly better than other groups by having fewer incorrect responses.
However, they were not necessarily as efficient in responding which suggests a lower
cognitive efficiency level in arithmetic. This efficiency emerges with understanding and
applying concepts that are embedded in Tok Ples languages such as groupings (e.g. repeated
groups of 5, additions such as 8 as 5+3, and physical representations such as fingers, hands,
and toes). The obtained results indicate overall that children learning to read and write and
count in their own language Tok Ples performed better than those learning early number
knowledge without Tok Ples (learning in Tok Pisin or Tok Pisin and English, and to some
extent in English only). The study involved 272 children from 22 schools from four
provinces in three out of four regions, covering a variety of both Austronesian and non-
Austronesian languages Tok Ples. In the context of implementing the elementary Cultural
Mathematics Syllabus, the results are significant in that they provide further support for use
of children's own language and traditional counting systems in teaching formal school
mathematics. By comparison to studies such as in New Zealand, the teachers, children, and
villagers used Tok Ples as a first language, and the basic mathematical register was already
available (Meaney, Trinick, and Fairhall 2012). In addition, there was a difference in the
widespread use of a lingua franca Tok Pisin. Nevertheless, the use of Tok Ples showed a
strong advantage. Children not only performed better on early arithmetic tasks when they
had some schooling in the Tok Ples, but they were also more cognitively efficient in
responding to numeric and arithmetic questions based on their reaction times (Groen and
Parkman 1972; Kail 2007). The result is contrary to negative views held by parents and
critics of the curriculum reform in PNG.

While the results suggest possible reasons why students taught in their own language
will perform well during formal learning of school mathematics, further research
covering all provinces of PNG is needed to confirm this. Although there is evidence
from Grade 3 teachers that children who learn in Tok Ples cope better with Grade 3
arithmetic, there is a need to explore the longer-term effects (beyond Grade 3) on
mathematics as it is possible that the advantage does not continue and those not
learning in Tok Ples catch up. Also needed is research to find out how best to assist
elementary teachers to take advantage of the prerequisite number concepts found in
the respective traditional counting systems of PNG.
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However, this substantial research study supports the view that conceptual and
cognitive efficiency in learning mathematics is enhanced by learning in the Tok Ples
at the start of schooling. It supports research that confirms that Tok Ples education
generally benefits children's conceptual understanding. Furthermore, it is an important
way of making school relevant to children and their home backgrounds and to assist
them to transition effectively to English-medium schools in Papua New Guinea.
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