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Abstract :In recent years, the idea of language influentirgcognitive development of an understandingadg
value has received increasing attention. This sexghyored the influence of using explicit numbemas on
prekindergarten and kindergarten students’ altititsote count, read two-digit numerals, model tvigitchumbers,
and identify the place value of individual digitstivo-digit numerals. Through individual studertenviews, pre-
and post-assessments were administered to evatdateounting, reading five two-digit numerals, ralddg five
two-digit numbers, and identifying place valuewottwo-digit numerals. Chi-square tests for indejmte showed
two significant relations: (1) the relationship\ween the control and treatment group membershih@post-
assessment of modeling two-digit numbers and @J)ehationship between place value identificatiand group
membership. Analysis of the children’s performaand error patterns revealed interesting differehetaeen
children taught with explicit number names anddieih taught with traditional number names. The oapment of
the treatment group overall exceeded the improvéwfahe control group. This study indicates thegtahing
children to use explicit number names can, indeade a positive influence on their understandingla€e value.

Introduction The superior performance of Chinese speakingtdesrin international tests in mathematics and
science raises the question of what advantages thigiht be in the language itself. While many reador national
differences in these tests can, should, and hase pesited, the question of language advantageimsma
unanswered. A quantification of the number of wardeded to name the numbers from one to one humdred
used to investigate correlation between this arsitipo in national test rankings (Beauford, 200Z)nguages
considered were English, German, French, Spanisine€e, Japanese, and Korean. When learning td tm@60
in Mandarin Chinese, children use a total of 11dsotn English, the task requires 26 different veoodword parts.
Correlations were negative, strong, and significAlrhost without exception, the fewer words or wpatts needed
to name numbers to 100, the better was the posifitime country in international comparison.

The question of whether language influences nmadtties performance has prompted a progression of
studies. Miura (1987), Miura and Okamoto (1989 <burg (1989), Miura, Okamoto, Kim, Steere, andofFay
(1993), MacLean and Whitburn (1996), and Alsawa@@) compared children from different languagéthges.
These studies involved a single assessment of dtleematics performance of intact groups of studeitteout
intervention. Most of these studies were conduttéde United States comparing native English-spep&tudents
with students whose native language was not Englishwho were attending classes taught in theivenat
language. Fuson and Briars (1990), Fuson, Smith Cacero (1997), Fuson, et al. (1997), and Cof2600)
conducted studies that applied and analyzed thdtsesf using explicit number names for several therwith first
grade students.

Beauford (2003) extended the research further iimegstigative study using explicit number namearas
intervention with four- and five year-old studebtginning their first formal introduction to numb@ihe four-year-
old students were taught using only explicit numieemes for the entire year. The five-year-old stislevere
taught using explicit number names during the Bsshester and both explicit and traditional nunmtzenes during
the second semester of the school year. Beaufstatly involved a small sample with no control group

This research extended the study of language differs and the understanding of place value to si-qua
experimental study of a larger sample that includetth an experimental and a control group whemietgions
were utilized. To investigate whether number naaftect students’ cognitive understanding of plaakig, this
research involved the use of explicit and trad@élamames of numbers with young children. In exangrthe
influence of language on the cognitive understagdinplace value, the following questions involvithg
components of place-value understanding were exainin

1. Is there a difference in rote counting betwekgidoen taught with explicit number names and
children taught with traditional number names?

2. Is performance in reading two-digit numeralseipendent of group membership of children taught
with explicit number names and children taught witlditional number names?

3. Is performance in modeling two-digit numeraldependent of group membership of children taught

with explicit number names and children taught witlditional number names?
4. lIs accuracy of identifying the place value of thgitd of two-digit numerals independent of group
membership of children taught with explicit numbames and children taught with traditional numkznas?
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Definitions Place value. The term place value refers to the value assigneddigit due to the position of the digit
in a numeral. The three elements of place valuerstanding are: (a) grouping by tens, (b) spokenasaof
numbers, and (c) written names of numbers (Van d#e/& Lovin, 2006).

Explicit number name. In this study, students were taught to say numéspéicitly. In other words, instead
of saying “forty two”, the students were taughsty “four tens two”. This method of naming numbacsurately
indicates the base-10 place value of numbers;fitreréhis is called the “explicit” method for nargimumbers.

This is also called base-ten language.

Modeling number. Students were also asked to represent two-digitbaus with straws. Straws bundled
into groups of tens to represent the numeral irte¢he place were called ten-bundles. Single strapresented the
numeral in the ones place.

Canonical representation. A representation of a two-digit number using tbeect number of ten-bundles
and single straws was defined as a canonical rept&son (see Figure 1).

tens units

>
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Figure 1. Canonical representations of “24’Z = tenien| = unit.
Noncanonical representation. A correct representation of a two-digit numbet thias not canonical was
defined as a noncanonical representation. Thresitpesioncanonical representations were notedRggee 2).

tens units tens units tens units
more than 9 units unit straws for tens combination
Figure 2. Noncanonical representations of “24X = temdle, | = unit.

One-to-one representation. A representation of a two-digit number in whicle 8tudent uses only single
straws with no ten-bundles was defined as a oreof1-1) representation. In a 1-1 representatienstudent
counted each straw only once as the student repegsthe given number (see Figure 3).

tens units

Figure 3. 1-1 representations of “24”. X = ten-bundles unit.
Incorrect representation. A representation of a two-digit number that is ptetely incorrect due to any
other reason was simply called an incorrect reptesien (see Figure 4).

tens units tens units
Figure 4. Examples of an incorrect representation of “24x. = ten-bundle| = unit.
Research DesignThis study was a quasi-experiment comparing t ance of students using explicit number
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names and the performance of students using wadithumber names in demonstrating a cognitive ishaieding
of place value. Three groups of participants wewelived in this study. The first group consisteggkindergarten
and kindergarten students. These students werhttiugse explicit number names such as “one-teri for the
quantity “12” and were the treatment group. Spadisminant students in the bilingual classes wenghato say
“uno dies dos” rather than “doce” for the quantit2”. The second group of prekindergarten and kigeeen
students was taught to use traditional number nasoed as “twelve” for the quantity “12”. This gipwas the
control group. The third group consisted of thekess of the students in both the control groupthedreatment
group. Explicit number names were used during titleyar of kindergarten and prekindergarten. A red post-
assessment of rote counting, reading five two-digiherals, modeling five two-digit numbers, anchiifging the
place value of individual digits of two-digit nunaés were conducted. The teachers of both the daaticb
treatment groups were interviewed.

Participants. The participants were selected from students etall a small public school district in a
south central city. The school district has an kment of approximately 500 students per gradellesftecting the
diversity of area with 68% Hispanic, 24% Anglo, &% African-American. The study involved the three
prekindergarten classes, one of which was a biihglass comprised of students whose first languageSpanish.

Two kindergarten classes from two elementary caepparticipated in the study. One elementary campus
served predominantly affluent students while thepelementary campus served predominantly lowosoci
economic students. One of the kindergarten clamséise more affluent campus was a bilingual classprised of
Spanish-dominant students.

A total of 115 students participated in the studth 53 (46%) prekindergarten students and 62 (54%)
kindergarten students. The study was comprise®#f thale participants and 51% female participarte T
treatment group comprised 57% of the participaartsg, the control group comprised 43% of the paricip.

Data collection. Students in both the treatment group and the cbgtoaip were individually assessed two
times during an eight-month period. Using a sdogtandardize the interviews, the interviewer dsitedents to
perform four tasks: (a) count as far as they cofldpiread five cards with two-digit numerals onrth€c) model
with bundles of ten straws and single straws audifit set of two-digit numbers on five cards, afjddentify the
place value of the digits of two-digit numerals fao numerals. Data was collected during eachviger using a
standardized recording documelmtaddition to interviewing the students, teacheseyvations specific to lessons
involving the teaching of place value were conddciéhe class visits allowed the researcher tob¢éapme a
familiar face to the children, (b) observe childierthe class setting, (c) observe teaching prestiand (d) serve as
a resource for teachers.

At least two observations of each teacher were wcted during the study. District personnel requiste
that the researcher use the district-wide obsemdtrm. The teachers were familiar with this foamd were,
therefore, very comfortable with observations beegprded with this form.

Results

Rote counting. Research question one asked whether children taoigbte count with explicit number
names would perform differently from children usingditional number names. From September to Magy, t
treatment group and the control group for both jprddérgarten and kindergarten students improveteir fability to
rote count. No significant differences were foundhe highest number reached when rote counting for
prekindergarten students or kindergarten studeh&nwaught to use explicit number names rather titzalitional
number names. However, notable differences in cogietrrors were found between the kindergartenrobahd
treatment groups. The percentage of minor errotisdrireatment group decreased considerably (mesament
20%, post-assessment 3%) while the control grop@isentage of minor errors remained constant at 19%

Reading two-digit numerals. Research question two asked if performance idingawo-digit numbers
was independent of group membership for childréngusxplicit number names or children using tramfitil
number names. Performance in reading two-digit mateevas independent of group membership for
prekindergarten students on the post-assessmente\ér, the prekindergarten treatment group readts®0%
fewer of the numerals incorrectly than did the colngroup. On the post-assessment, a significdatioaship was
found for kindergarten studentg (3) = 13.99, p < .001) when taught to use expliginber names rather than
traditional number names. Approximately 70% of nlnenerals were read correctly by the treatment grang
approximately 40% of the numerals were read cdgrégtthe control group.

Modeling two-digit numbers. Research question three asked if performance irelimgptwo-digit numbers
was independent of group membership for childréngusxplicit number names or children using tramfitil
number names. For prekindergarten students, peafacenin modeling two-digit numerals was dependargroup
membership (2) = 12.76p < .01) with the number of canonical representatioereasing in the treatment group.

For kindergarten students, performance in modeiiagdigit numerals was also dependent on group
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membershipy (3) = 43.90p < .001). The percentage of numbers modeled ciyregthe treatment group was

about twice that of the control group. Also, theatment group was able to model 44% of the numtzersnically

compared to about 10% of the control group. Notaihlg kindergarten control group placed the comechber of

ten-bundles and unit straws into the appropriate sf the two-sided container for 7 numbers, aedkthdergarten
treatment group placed the correct number of terdlas and unit straws into the appropriate sidhetwo-sided
container for 62 numbers.

Identifying place value. Research question four asked if performanceeéntifying the place value of
individual digits of two-digit numerals was indegkemt of group membership for children using explcimber
names or children using traditional number namés. [argest difference in reading numerals occuwiaen the
kindergarten students were asked to point to the &ad ones place of a numeral. A significant déeece was
found between group membership and identifyingehaaiue ¢ (1) = 16.36p < .001). The percentage of correct
responses in the treatment group (53%) was appaiglgntwice the percentage of correct respons#seicontrol
group (28%). The kindergarten students in the tmeat group who correctly identified the place vabfi@ humeral
on a card did so with confidence.

Discussion

This study included prekindergarten and kindesgagtudents since language acquisition is a primmeay
for these students. Learning to count, whethergusiplicit or traditional number names, is parthe process of
acquiring language and building vocabulary. Theltesf this study correspond with Sousa’s (2008esvation
that American children have trouble counting pestdt age four while most Chinese children can toud0 by
age four. According to Sousa, this difference is ttuthe simplicity of explicit number names ashaslthe syntax
reinforcing the decimal system resulting in “Chieepeakers [processing] arithmetic manipulaticaréas of the
brain different from those of native English spaaké¢p. 19).

Kindergarten students are still developing an wstdeding of place value, and the use of expliginher
names seems to have had a positive effect onulerstis’ ability to read two-digit numerals as evided by the
larger percentage of numerals read correctly byrsment group. According to teacher reportssthdents
taught explicit number names had fewer digit realsrthan did students using traditional number raamke
reinforcement of place value in the explicit numbames may have allowed students to realize tegbdkition of
the digits in a numeral determines the value ofdigé.

Unlike reading abstract numerals, modeling numbaétts manipulatives is a concrete activity in tkad
students can see, touch, and physically move thmepulatives. The use of explicit number names,fogging place
value, coupled with ten-bundles of straws thatesent numbers in the tens place and single streatsdpresent
numbers in the ones place may have provided stsideétit the support necessary to connect the pasiti@ digit
with the number of ten-bundles or single strawsledeo represent the value of the digit.

These findings supported the findings by Alsawai@0@). Assessing students in first grade, Alsawaie
found that 51.2% of the students represented nwsydaaronically when prompted while 12% of the sttslen
represented numbers canonically when not promptediever, Alsawaie’s study assessed the studenysooice
rather than in a pre- and post situation.

Cotter (2000) also studied the use of explicit nemiames with first grade students. No pre-assegsme
was administered, but an intervention was utiliaéth a treatment group for eight months. A cong@up received
no intervention. Cotter’s findings that the stugeperformance in modeling two-digit numbers cacafy
improved when taught explicit number names werg@sttpd in this study.

While conclusions in this study must be temperethieylack of longitudinal data on the students ined
concerning their success in mathematics in subsgquades, the findings suggest that the use dicgxpumber
names does increase students’ performance in iggadivdeling, and identifying place value in two4itligumerals.
The improvement of the treatment group overall edeel the improvement of the control group. Pending
longitudinal study, the cautious conclusion is thisihg explicit number names can increase the statating of
place value of prekindergarten and kindergartedesits.

Possibilities for Transfer to Different Environments

Since the beginning of this project in 2003, weéhdeveloped strategies and techniques to imprave th
validity and reliability of assessment of theserygehildren. While the sites involved has provebeovaluable
learning laboratories for research strategy, thaively small size of the study dictates thatahonly be
considered a beginning for this research. To aehineralizability will require similar projects imany classes
using a variety of teaching styles and curriculas®o negate the effects of any one environmentak® continuing
this research in bilingual elementary schools itil®a Mexico, and also in Santa Cruz and CochabanBolivia.
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