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Abstract
This article is based on a study whose main oljeatias to determine the effects of mathematicaabatary
instruction on students’ achievement in Mathemaitic§econdary schools in Murang’a County, Kenyae Th
study was a non-equivalent control group pretesttpst quasi-experimental design and was conduotéue
two purposively selected secondary schools in KahbDistrict in Murang’a County, Kenya. Both the
experimental and the control groups consisted fof four (54) students from each school. The experital
groups were exposed to mathematical vocabularyuictidn using the Graphical Organizer based or-tlager
Model with ICT integration instructional approaclrften (10) weeks. The control group was taught
mathematical vocabulary by the definition-only naetHor the same period. Data were analysed usiegnay
ANOVA, independent t-test and paired t-test. Timelifigs indicated that there is a statistically Bigant mean
difference in the students’ performance in Mathécsdtetween those taught Mathematics vocabulangutsie
Frayer Model with Technology and those taught Matagcs using the definition-only method.
Keywords: Mathematics vocabulary instruction, Frayer ModegtiMematics Vocabulary

1. Introduction

Mathematics is one of the key subjects offeredhi@ Kenyan secondary school curriculum. Due to value
afforded to mathematics by the society, the sulljastbeen made compulsory for all learners urdiktid of the
secondary school course. Despite the importanaehioh the society values mathematics, the perfoomanf
the students in the annual National secondary $alamination (KCSE) has been dismal. In this paper
show posit that a key component in understandinghemaatics is learning mathematics vocabulary.
Mathematical vocabulary refers to words that labhathematical concepts for example quotient, volureetex,
dividend, and hexagon (Sanders, 2007). Accordinditler (1993: 12) students are likely to be hargiped in
their effort to learn mathematics if they do notlarstand the vocabulary that is used in mathemeléssrooms,
textbooks and assessment tests. One of the olssthatemake mathematical vocabulary difficult tarteis lack

of opportunity (Paul and Sinha, 2010). This is luseamuch of the vocabulary used in mathematicsmam is
rarely encountered in everyday life. In additionathematics teachers often neglect meaningful vdaapu
instruction. Also, many terms have meanings inrgem of mathematics that differ from their measing
everyday usage (Njoroge, 2003).

Without appropriate vocabulary instruction, studeate likely to experience difficulties and inteefiece in the
learning of concepts for which they have backgrokmolwledge that appears unrelated to mathematiode8ts
need to know the meaning of mathematics vocabulemygls-whether written or spoken-in order to undardt
and communicate mathematics ideas. According t@&an2007), terms, phrases, and symbols are &ddant
communicating mathematical ideas; and becomingflugth them is vital for children’s mathematicahkning.
Research reveals that the knowledge of mathematicabulary directly affects achievement in arithimet
particularly problem-solving (Staley, 2005). Rioimdaand O’Donoghue (2009) indicated that vocabulary
knowledge is strongly related to overall acadenthiewvement in school. Although students may exael
computation, their ability to apply their mathemsatiskills will be hindered if they do not understatihe
vocabulary required to master content and ableppyain future situations. Thus teaching vocabularthe
mathematics content area is a critical elementfettve instruction.

Although Mathematics is a visual language of syrsbehd numbers, it is expressed and explained throug
written and spoken words. Thus, for students teekit Mathematics, they must recognize, comprehemdl
apply the requisite mathematical vocabulary. Teaghnathematical vocabulary words solely as defingias is
the practice in most Kenyan schools does not assistents in comprehending the word when found in
Mathematics textbooks and examination items. Stisdemust be actively engaged in building background
knowledge using key content-specific vocabularyisTgaper is based on findings from a study that eeased
out in Murang’a County, Kenya to determine the efeof Mathematical vocabulary instruction on sttde
achievement in Mathematics.

The study “effects of mathematical vocabulary instruction dodents’ achievement in mathematics in
secondary school” was carried out in Murang’a CoyriKenya by the first author.
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The objective of the study was to determine thesr@xto which mathematical vocabulary instruction
influence students’ performance in Mathematics #red following null hypothesis was used to answer t
research question:

Hol. There is no significant difference in students’ fpenmance in Mathematics between those taught
Mathematics vocabulary using the Frayer Model Wi integration and those taught mathematical
vocabulary using the definition-only method.

2.0. Literature Review

According to Chall (1987), there are two generalthods for teaching vocabulary: Direct teaching and
Meaningful Context. Direct teaching of vocabulanyidgs students to assign deeper meaning to wotds. T
method commonly used by teachers who teach voaghbdiigectly is the definition-only method (Naggy988).

In this instruction, students typically look up thwerd in the dictionary or are told its definitiowrite meaning

of the word, and memorize it. According to IrvirB@D), this method is ineffective because it leadminimal
understanding. In contrast to the definition-onlgthod, which leads to surface understanding onlynesdirect
methods can be effective in helping students asségper meaning to words. According to Moore & Rewe
(1984) and Dunston (1992), the graphic organizey tva one of the more promising approaches. A gcaphi
organizer represents concepts and their relatipashsually.

Monroe & Pendergrass (1997) carried a study onctivebined approach. In a learning context emphasized
student construction of meaning, the teacher psaidpportunities for learners to learn to represeiscuss,
read, write and listen to Mathematics. Once stuwgléatl some experiences with a concept, the teaabght
vocabulary directly using graphic organizer to hetgess and organize newly acquired knowledge giédgeghic
organizer also provided a structure for guidingletus to extend relationships among concepts. higlasion,
approaches that combine meaningful context andidieaching through the use of graphic organizeewsed

in the current study in teaching mathematical vataty. The method employed was the Frayer Modei WixT
integration.

The Frayer Model was designed by Dorothy Fraye69)%nd her colleagues at the University of Wisgons
USA. The Frayer model provides a graphic orgarizat asks students to organize their thinking alacigrm
in four ways; definition, characteristics, exampd@gl non-examples. The definition goes in the &fpsiquare,
characteristics in the top right square, exampiethe bottom left square and non-examples inbibom
right square. The definition should be one the estidlevelops rather than something copied froncgodiary
or glossary. The characteristics of the term shbeldhings that are essential. The examples aneéxamples
help push students' thinking about the term. Theciire and thinking processes incorporated in gtrstegy
provides an opportunity for students to build apdeederstanding of the term (Roe & Smith, 2012gmplate
of the Frayer model is displayed in Figure 1.
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Figure 1.0 A Template of The Frayer Model

Source Frayer, D., Frederick, W. C., and Klausmeier,JH1969) A Schema for Testing the Level of Cognitive
Mastery Madison, WI: Wisconsin Center for Education Reska

One advantage of this strategy is that, studestsetive learners and are noticeably highly motidgaGtudents

learn best through active involvement in learnirggvrwords (Roe & Smith, 2012). Consequently, stuslent

exposed to the Frayer model tend to go far beyeaching mere definitions of words; instead, theyediep a far

deeper understanding of concepts. As a resultsheotithe Frayer model increases the studentsrstadeing

of new vocabulary, and they show a deeper and momplex understanding of concepts (Cohen & Cowen,

2008). The process of stating a definition, deseglzharacteristics and articulating examples anttexamples

helps students develop a deeper understanding wbrd than they might achieve from only a definition

(Greenwood, 2010).

3.0 Methodology

The study employed a non-equivalent control grotgtgst-posttest quasi-experimental design. Accgrdin
Wiersma & Jurs (2005), a nonequivalent control grguetest-posttest quasi-experimental design islsei
when intact groups of participants are used in xgeement rather than assigning participants atloam to
experiments treatments. The design was found toslitable because as Mugenda (2008) notes the
administrators in educational institutions do rl@va dismantling of the intact classes so as tovalfor random
assignment.
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The notational paradigm of the design can be suizetas shown below:
Experimental Group 0O X O;

Control group Q ‘ Oy

Key: O; and Q represent the pre-test observations, X-Mathematiosabulary Frayer Model with ICT
integration, ‘ -Mathematics Vocabulary Instimie using the definition-only method,;@nd Q
represent post-test observations for the experimheamid control groups respectively. The dashed line
separating the parallel rows in the diagram indisdhat the experimental and control groups hatvé&e®n
equated by randomization (Cohen, Manion and Monrz@11, p. 323)

The independent variables were the mathematicalludary teaching strategies while Students’ peréorce in
Mathematics formed the dependent variables. Tlaehiag strategies for this study were the Frayed&lavith
ICT integration for the experimental group and dledéinition-only for the control group.

The study sample consisted of two Secondary Schioolk&ahuro District, Kiharu Constituency of Muraag’
County, Kenya. The schools were purposively cho$ée. choice of the two schools was informed byftud
that they are in the same administrative Locatimt,students from the same catchment area, scoostéqual
Mean Standard Scores in KCSE, have similar faedlitand are accessible in terms of communication..
Moreover, the schools were equipped with ultra-nmodeomputer laboratories where students’ of the
experimental group could access the maths dictjolmadenny Eather atww.amathsdictionaryforkids.com

Simple random sampling technique was used to selecout of the four (4) Form Two (II) classes hretboys’
school. Similarly, two out of the five (5) Form Twd) classes in the girls’ school were randomlyested..
Census strategy was used in the selection of thiipating students. A sample of 108 Form Two &tjidents
from each school was selected for the study gigingtal study sample of Two Hundred and Sixtee6)21

The 216 study participants responded to a PreMatiiematics test. The study involved teaching tharol and
experimental groups mathematical vocabulary usiffgrdnt strategies. Participating teachers weaaéd on
how to use the Frayer model The presentation rakeame word per lesson to a total of ten itemgHerstudy
similar to the one employed by other research impiatation studies (Mastropieri, Sweda and Scrugg8o;
Sander, 2007). The two control groups were taulght1t0 Mathematics vocabulary words for a periodeof
weeks between May and July 2013 using the defmitioly strategy The other two experimental grougsew
taught 10 Mathematics vocabulary words for the saeréod but using the Frayer Model with ICT intagra
strategy. The students from all the groups werergivhe Mathematics Vocabulary Dictionary (SMVD) idgr
the lesson and collected after. Guiding notesterlésson planning for teaching Mathematical volzaluvere
developed by the researcher with collaborationxpfeets in Mathematics Education from Kenyatta Ursity
and CEMASTEA. The lessons for the experimental graere taught in the Computer Laboratory and stisden
were allowed to access the site:

http:// www.amathsdictionaryforkids.com in the cemirof the lesson. The control group was also taoght
lesson per week in the computer laboratory buindidaccess the site. One vocabulary was taughidtrained
teachers per lesson per week. The ten (10) vocddsilaere taught for 10 weeks. After the 10 weéhs,study
participants responded to the Post-Test MathemAtibfevement Test, POSMAT.

In order to achieve the objective and increasabdity of findings,, the study employed five (5)struments
namely: Pre-test Students’ Mathematics Vocabulagst T(PRESMVT), Posttest Students’ Mathematics
Vocabulary Test (POSMVT), Students’ Mathematical c&oulary Dictionary (SMVD), Pretest Students
Mathematics Achievement Test (PRESMAT) and Pastietudents Mathematics Achievement Test
(POSMAT). The Pre-test Students’ Mathematics Votalyu Test (PRESMVT) constituted five (5)
Mathematical words drawn from Form One Mathematigtabus. To determine the target vocabulary fis th
study, the following rigorous procedure was usedselect the five words for the PRESMVT. Firste th
Mathematics teachers in the study location wereeasitgd through an email to identify from their enguece,
problematic words from the 8.4.4curriculum, FormeQsyllabus. The initial suggestions were combined a
mailed out again, this time with a rating scaleadreers rated the difficulty level of each word ascale of 1-5.

1. Nota problem

2. A small problem

3. Sometimes a problem when used in certain contexts

4. Always a problem
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5. and a major difficulty to most of the learners

The teachers also rated the words according toithpact on test success. (1) No impact on teseso@) small
impact on test success (3) some impact on tesessdd) big impact on test success (5) a major ¢t test
success. The rating depended on their perceptidrowfthe word would influence success rate of desttito
get a question right if the word appeared in a timesThe scores from each of these categories aegeaged
and then both averages were added together to #ooomposite score. The total score for each word wa
calculated and the words rank ordered. The teatchersreceived another email asking for their fingut. The
most top-scoring words on the final list were reemband others were also removed due to the ditffidal
representing in a picture or diagram. The finakstbn lists of 15 vocabulary terms were emailedthe
teachers. They included (1) Product (2) Factorgi®yd (4) polygon (5) degree (6) scale (7) povggrafea (9)
integer (10) multiple (11) perimeter (12) capa¢it®) ratio (14) angle (15) percentage.

Five vocabulary words were used for the pre-testesuwhile ten (10) were used for the post-testvayr This
included perimeter, percentage, capacity, ratiosh @mgle. Students were required to define the wasd, the
word in a sentence and draw a picture or diagraan ¥isually represents the meaning of the word.hEac
attracted one mark totaling to fifteen (15) marks.

The Pre-test Students’ Mathematics Achievement [RRESMAT) aimed at determining students’ apploati
of Mathematical vocabulary in answering Mathematopeestions. It was constructed with some itemsteth
from KNEC (2008, 2009 & 2010). It consisted of fiy) Mathematical problems applying the five (5)
Mathematical Vocabularies of the PRESMVT. A table specification was drawn and the items written
following Bloom's levels of cognitive taxonomy. Thie questions were from each of the five levéach
question was scored a maximum of three (3) maradlittg to 15 marks. The Post-test Students’ Mathiirs
Achievement Test (POSMAT) also aimed at determirghglents’ application of Mathematical vocabulany i
answering Mathematical questions. It was constduetéh some items adapted from KNEC (2008, 2009 &
2010). It consisted of ten (10) Mathematical praideapplying the ten (10) Mathematical Vocabulagéshe
POSMVT. A table specification was drawn and themitevritten following Bloom’s levels of cognitive
taxonomy. There were two questions from each ofiteefive levels. Each question scored maximunthoee
(3) marks totalling to 30 marks. It was administete the students in a staggered manner, eacle aih of the
day after the lesson for the ten (10) weeks. Scofrése ten (10) tests were compiled for each studethe end
of the 10 (ten) weeks.

Data germane to the study was both quantitative quaitative. Quantitative data were analysed using
Statistical Package for Social Sciences (SPSS)iMder21.0. Quantitative analysis involved presentatof
statistical data in form of frequency distributitables whose explanation was mainly descriptiveinfedential
statistics. The analysis focused on comparing teanrscores of students’ performance in the POSM&KT f
those exposed to the Frayer Model and those exgosbe conventional method. The statistical sigarice of

the results was then examinedoat- 0.05 statistical confidence level. Quantitatdeta was further analyzed
using independent t-test, paired-t-test and 2-whAyOXA. Student’s t-test was used to compare the méan
student’s performance in the Mathematics Achievamieast between the experimental and control groups.
Qualitative data was analysed thematically whose rfacus was to determine the strategies for matties
vocabulary instruction.

4.0 Findings
The study performed a paired samples t-test fofdhegroups between pre-test and post-test.
Table 1. Paired samples t-test for the four groupbetween pre-test and post-test

n PRE-TEST POST-TEST _ PAIRED MEAN _ t-test
Group DIFFERENCE
MEAN _ SD MEAN  SD MEAN  SD t df  Sig. (2-tailed)
Boys Exp 54 5.28 3.212 957 5.812 4.296 6512  4.848 53 .000
Boys Control 54 6.02 2.798 6.78 2.912 0759 2480 2250 53 .029
Girls Exp 54 5.80 2.131 8.70 3.208 2907 3.997 5356 53 .000
Girls Control 54 5.78 2.508 6.65 2.283 0.870 3.172 2.015 53 .049

The results (Table 1) shows that there was a sogmif mean gain in all groups between pre-testpansd-test;
Boys experimental (mean gain= 4.296, t (53) = 48,8 > .0001), Boys Control (mean gain = +0.0759, { (63
+ 4.848,p = .029), Girls experimental (mean gain = + 2.90B3) = 4.848p > .0001) and Girls control (Mean
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gain = + 0.870, t (53) = 4.84B,=.049).this can be explained by the fact that emthtics vocabulary instruction
whether by definition only or by the Frayer modehtributes significantly to students performance in
Mathematics.

In order to test if there is any significant difece between students’ performance in Mathematicstfidents
taught Mathematics vocabulary using the Frayer ineith ICT integration and those taught using digifim-
only method, an independent t-test was performed.

Table 2. Independent t-test for students performane in Post-test Mathematics test

Group n Mean SD T df Sig. (2-tailed)
Boys Experiment 54 9.57 5.826 )
Boys Control 54 6.78 2912 3155 106 002
Girls Experiment 54 8.70 3.289
Girls Control 54 6.65 20283 /73 106 000

The results (Table2) indicated that that boys expemtal group M = 9.57,SD = 5.826) performed better than
the boys control group = 6.78,SD= 2.912) in the post-test Mathematics achievertesit(POSMAT). On the
other hand, the girls experimental grotyp£ 8.70,SD = 3.298) performed better than the girls controlug M

= 6.76,SD = 2.283) in the post-test Mathematics achieventesit The study shows that there is a statistically
significant mean difference between boys experialearid the boys control group, absolute t (106)153,p =
.002. Also, it shows that there is a statisticalignificant mean difference between the girls expental and
girls control groups, absolute t (106) = 3.7§3; .0001. A Tukey’s 3D post hoc test revealed that there was a
statistically significant mean difference betwebka mean scores of the POSMAT between the boysatarid

the boys experimental groups £ .001) and the girls control and the experimegitaups p =.001). The study
hypothesis, klL, there is no statistically significant differencestudents’ performance in Mathematics between
those taught Mathematics vocabulary using the Frayedel with ICT integration and those taught using
definition-only methodvas rejected. The alternative hypothesiswds accepted. Thus, the study concluttied
there is a statistically significant mean differerin students’ performance in Mathematics betwberd taught
Mathematics vocabulary using the Frayer Model wiBT integration and those taught mathematical
vocabulary using the definition only methddhe effect size, r = 0.1875 obtained indicatethalkeffect size.

5. Conclusions

The study found that the Frayer Model when integtatvith Technology provided better opportunities fo
learners to understand the interaction with mathiesia@ontent. The study concluded that a well-dewvedl and
executed mathematics vocabulary instruction cagctffely improve students’ achievement in Matheosatlt
also concluded that the use of graphical organibased on the Frayer model with ICT integratiorais
effective method for Mathematics vocabulary indfiare. The method is a cognitively guided instruntb
strategy. It involves three broad steps. The fitep is thelntroduction stageHere, the teacher presents the
mathematical vocabulary that might be confusingabiee of its relational qualities or one to be entened in a
topic. The teacher then divides the class into gsoyprovides materials and worksheets. The teattiesr
explains the Frayer model diagram to the learngns. second step is tiizevelopment stag&he learners find
the examples, non-examples, facts and charactsristithe vocabulary to complete the diagram. Tdisyg use
textbooks, login in the internet and other suppletaey materials to aid in the exercise. They theakes
foldable of the word. Once their diagrams are cateplthe various groups make their presentatioms.tdacher
harmonizes the results from the groups. The lasgfesis theConclusion stagdt is the closure stage. In this step,
the review of the lesson is done. Exercises fah&rractivities are also given.
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