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Abstract

The aim of the study was to investigate the eftdcMicrosoft Math Tool (graphical calculator) orudents’
achievement in the linear function. The study exyptl Quasi-experimental research design (Pre-testttEst
two group designs). A total of ninety-eight (98)dsnts were selected for the study from two diffei@enior
High Schools (SHS) in Accra, Ghana. The two schegse categorized as control group of forty-eight)(
students and experimental group of fifty (50) snideThe analysis of data was done using indepéridest
with alpha value ) = 0.05. Pre-test assessment conducted at tharbegiof the study shown no significant
difference,t (95.720) = -0.441p = 0.660 between the control and experimental ggolipis indicated that the
two groups were homogeneous. The experimental greapived teaching instruction using the graphical
calculator while traditional lecture method wasdise teach the control group by the same instru®esults
revealed that there was significant differendg®6.000) = -6.984p = 0.00 in students’ performance between
control and experimental. This suggested that nmadities teachers and curriculum or textbook devebope
should introduce the use of the graphical calculetomprove students’ performance in mathematdscation,
particularly linear and quadratic functions.

Keywords: Linear function, graphical calculator, technolptheory, mathematics

1. Introduction

Students all over the world need proper edoicah mathematics that could better their lived #meir nation
as a whole. This may be attained when teaching adstigo far from the frequent use of face to faeehing
that is found in most classrooms particularly iniégd. Teachers as a backbone of education needoiat aew
ways to design conducive and interactive learnimgrenment that may motivate and engage studertiste a
better understanding of concepts. Technology se@ofiware calculators, hypermedia, web-based lmmitdion
and mobile tools, open-source software and thehaat been proven as one of the best innovativis that
could assist teachers to achieve this expectation.

Despite the positive impact of technology lassroom instructional delivery, many mathemat&achers
continue to rely on the traditional method wheredents are given lectures in class and expectegad
textbooks for a better understanding of mathemigtivawledge (Deslaturiers, Scheley & Wieman, 208tbhSt,
2015). This approach has influence students to misendacts in isolation and methods during mathésat
lessons without conceptual understanding (Boumaviethers, 2012). Students require a collaboratiaenimg
environment that could enable them to explain, rpre, infer, compare and exemplify the concept of
mathematics (Ministry of Education Science and &y&007). Integration of technology would makectesas
more productive and competent to design approptedehing. Proper instructional design use in ctess
teaching engages the attention of students on #ie islea without interfering by any other facto@o(denberg,
2000).

Many students particularly in Africa, who ledinear functions in a traditional manner, fitddifficult to
connect a function and its graph (Elliott, Huds&rQ'Reilly, 2000). Technology provides mathematieachers’
opportunity to prepare learning environment thaprioves students understanding of learning mathemati
concepts. For instance, integration of graphingwator encourages students to get a deeper uadeisg of
concepts in mathematics especially linear funcfitarmizi, Ayub, Bakar & Yunus, 2008).

1.1 Statement of the problem

Most topics in mathematics obtain their bdigien the linear function which is related to sevetiaciplines
in the field of mathematics education. Many teash&lill use the traditional method to teach matherma
particularly linear function where students areuisgfl to read the textbook at their own pace affess
(Mousel, 2013). This improper way of instructiorshrasulted in students’ difficulty and misundersliag of the
concepts of linear function such as finding gratligrintercepts, drawing and interpretation (Birg2®12). It is
therefore, imperative to investigate the effecy@phical calculator on students’ achievementriadr function
studies.
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1.2 Aim of the study
The aim of the study was to investigate theot$ of Graphical calculator on students’ perfano&in linear

function.
1.3 Specific objective of the study
The specific objectives of the study were:

1. To investigate the effect of students using gragdtgalculator to draw graph of linear function.

2. To investigate the effect of graphical calculatorstudents understanding of gradient and y-intéraep

linear function.

1.4 Hypothesis
There is no difference in linear function penfiance of students between control and experirhgnbaps
after the post-test.

2. Literature review

The study seeks to improve students' conceptuakrstahding in linear function using a technologitzd|
called graphical calculator. It is therefore impmittto understand the fundamental theories andhtiitee that
discuss students understanding particularly in prattics.

2.1 Pirie and Kieren theory of students’ mathemacal understanding

Pirie and Kieren (1989) explain that the gtowaf understanding is not in linear form, but thghua
movement which is surrounded by eight levels. Ttleym that understanding of mathematics is a potiest
occurs by a thoughtful passage between these ledfelsomplexity. The levels describe the growth of
understanding by an individual for a specified topi has structures that relate action of studemts diversity
of situations, tracing the movement of back andhfaf understanding activities among the levelseseh
activities enable students to examine, form antlegatoncepts. The following are the eight level®wfe and
Kieren (1994) growth of understanding mathematiws laow it relates to this study as in figure 1.

Primitive Knowing This is the innermost part of the level which esel all the prior knowledge of a
student outside the topic specifically, the knowkedhat could grow in the new topic being taugRirie and
Kieren (1994) assert that the growth of understagdif any mathematical concept starts at this leker
instance, students' previous knowledge of plotiingcoordinate may signify Primitive Knowing foregHinear
graph.

Image making This is any idea that may form by the student thlbengagement of various activities about
the discussed topic. These activities could en#iden to form an image or idea of the topic. Fornepke,
drawing of a linear graph with specific examplegimihelp the student to develop images.

Image having This is a mental construction of students abotapéc without tied to certain activities. The
students are now capable of carrying with their tadeplan for these image making activities and thesm
consequently. For instance, students knowythak +1 yields a straight line without drawing the graph.

Property Noticing This is the level where students may connectarnline images to construct relevant
properties. The images of the student are examfaedh particular or appropriate property. For exmp
students know that linear graphs x pass through the centre (0, 0) because=i theny = 0.

Formalising This is the level where students make generaisatf the method from the topic. For instance,
the student may understand that any number refa@ and 3 in the linear function= 2x + 3 will always
result in a straight line.

Observing Student at this level is able to reflect and t¢joeshow previous activities or statements are
coordinated and then look for proper pattern oreg@gh to describe the concepts as a theor8inucturing:
This level occurs when a student tries to thinkuahgrevious observation as a theory and obtain esgdal
argument as evidence or a proof.

Inventising Pirie and Kieren (1994) assert that this is @llavhere student obtains complete conceptual
understanding and continue to pose questions whahgenerate into a fully new concept.
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Figure 1: Pirie and Kieren model of the growth of mathermtinderstanding
Source Pirie & Kieren (1989)

2.2 Constructivist theory

In current educational research on teachinmglearning of mathematics, the focus has been ostagctivist
viewpoint rather than objectivism. The objectivistdieve that knowledge must be transferred toesttslby the
instruction of teachers (Hargis, 2001). In confrasinstructivists believe in active engagementtoflants in
activities to generate their personal knowledge bot transfer from the teacher. Multiple intelliges,
development of a child, learning by discovery, 8uding social cognitive and activism are the bawhd of
constructivist theory (Roblyer & Doering, 2013).€eltheory suggests that learning takes place whglests are
able to construct new understanding as a resulhctiVe participation with their old and new expade
(Koonce, 2015). This is attained through studeetgjagement in series of activities including th&come and
the reflection of those activities which lead tdateeunderstanding of concepts (Board, 2013).

According to Hiltz (1994), in the constructigiassroom, students are the active participartis thie strong
academic strength which results in retention ofvikdedge. He stresses that philosophy of teachinghis
classroom is students-centred, in which teachersat perceived as detail explainers but rathdlititors who
organise activities that engage students’ intd¢eassist them in developing new knowledge thabimected to
the existing ones.

In using constructivist theory, most teachease difficulty on how to introduce concepts partiely in
mathematics without detail explanation to studef(®ichardson, 2005). In addition, implementation of
constructivist theory is difficult since teacheemnot arrange an environment that engages studates2st in
order to connect what they know and their procegpdlimwledge. Also, teachers further questions om they
can generate the interest of their students totagrisand explore the concept of mathematics (B&93).Yet,
the constructivist method has been considered pppte teaching and learning method (Larochelledrizez,
and Garrison, 1998) and the best widely acceptedryhin education (Elkind, 2004). The Traditionadthod of
teaching approach only focuses on knowledge trangfihout any collaboration between the past and ne
knowledge which enable students to construct tb@in understanding (Richardson, 1997). Many studies
indicate that constructivist learning environmeas laffected students’ performance positively thdremoused
instructional methods (Lizzio, Wilson, & Simons,(#).

2.3 Technology in mathematics teaching and leanmg

Technology integration in mathematics teachang learning in the classroom would become wideslgd
across schools over time (Cuban, Kirkpatrick & Re2®01). The impact of using a technology in classr
instruction is still an ongoing debate among edusatEgbert, Paulus & Nakamichi, 2002). Some edusat
agree that technology use in teaching transformnuoton but they see this effort as a failure (Ber¢ 1994). In
support, technology is doubtful to enhance studeatmdemic attainment or any possible educational
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achievement (Wenglinsky, 1998). In agreement, Hoyad Noss (2003) confirm that even though most
disciplines in education have acknowledged techoyliis role in teaching is still uncertain.

In contrast, Dynarski et al. (2007) believattlusing educational technology has a major diffegein
students' achievement than the traditional metA@thnology use can enhance mathematics instruetioh
increase students’ achievement in learning (Nati@wuncil of Teachers of Mathematics, 2000). AlSbark
(1983) compares the use of lecture method and ctnpostructional delivery of teaching in a study t
determine which approach could improve studentsieg. He concluded that both methods enhance itegrn
outcomes depending on their implementation. Furthechnology has impacted and improved teaching
strategies and engagement of students in learmmgoament (Wright, Fugett & Caputa, 2013). In sogp
Ittigson and Zewe (2003) argue that technology mobds students’ knowledge and understanding of basic
concepts. The effective implementation of technplogn be a tremendous tool that would enable teadbe
prepare an interactive and conducive environmenstiedents to explore concepts of mathematics (Hele®
Munshin, 2008).

2.4 Effect of graphing calculator in mathematics

The important aspect of students understandfngpncept does not depend on examining theistiéined
effort but requires a cautious analysis of the psscof thinking on a given mathematical problenmi¢Pand
Kieren, 1994). A Graphical calculator is a verynsiigant and effective instructional tool for prejrey content
and concepts of mathematics for students to atbsgh to acquire and understand new knowledge (Mtitni
2016). It is also an acceptable tool for teachind Bearning mathematics which enables teacherspresent
instruction in multiple ways for students to haveWwledge in concepts (Ford, 2008).

Graphing calculator in Microsoft Maths Toolepents the pedagogy of visual and three-dimensional

environment to enable students to understand theegts they learn. In support of this view, Dunterd Dick
(1994) stress that graphical calculator enabledestis to visualise questions in order to ascertathematical
concepts on their own, check the correctness af #mswer and find a different way of getting auioin to the
question. Also, Barrett and Goebel (990) confihatthe use of graphing calculators in mathematessrooms
particularly high schools have a substantial infleee on the teaching and learning of their schodheraatics.
In the study of Noraini, Tay, Nilawati, Goh, & Atia(2003), they compared how graphical calculaftects
students’ performance of learning algebraic funttibhey administered a pre-test to the studentsa#tedvards
taught them with graphical software for five weeRtdents were retested (Post-test). It was foankair study
that students’ performance was significantly higtten their achievement in the traditional wayradtiuctional
delivery.

The use of technology in teaching especiayputers and graphical calculator inspire studengcquire an
intense understanding of concepts. Also, abstractent of mathematics concepts could be easily aetter
understood by students with the assistance of tdogy which display visualize or graphical reprgsgion of
object and their properties (Tarmizi, et. al., 200

The following are some of the effects of using appical calculator in teaching methods (Ye, 2009).

1. The quality and concept of understanding mathematiche middle school are achieved with the use
of graphing software

2. Mathematics textbook modernization, beneficial infation, modification and visualized materials use
in teaching can be promoted by the graphical catoul

3. Graphing calculator brings variations in inactivedgast learning methods to encourage students to
learn in an interactive environment.

4. The use of graphical calculator in teaching enatdashers to plan appropriate assessment straiagies
secondary school.

2.5 Concepts of linear function

The concept of a function is the most vital anddfamental knowledge in the current study of mathexsand
science education (Kline, 1990). Many educatoretedvocated for a great emphasis on functionsarst¢hool
curriculum (Oehrtman, Carlson & Thompson, 2008)t, Yieis significant concept of learning functiorsshnot
been effective, some students find it difficultuioderstand and apply it in other related topicayida, 1998). In
mathematics, the linear function could be writtarthe formy = mx + cwhere m and c are real coefficients
where x is the horizontal axis, y is the verticaisam is the gradient, and c is the y-intercegte Blope is
another name for gradient which is given as risongp or down of the y-axis over run to left orhtigpf thex-
axis For exampley = 2x +1is a linear function since it has x with an expunef 1 buty = 3% cannot be a
linear function since the exponent of the variable 2. Functional notation such as f (x) is mosthed instead
of y . For instance, if(x) = x + 1, wherex = 3 means that (3) = 3 + 1 = 4 The outcome of drawing any graph

of the linear function gives a straight line. TBisaight line always intercepts atof the linear function. For
example, the straight line would intercept at 2 mitee graph of the functiop = 3x + 2is drawn. Alsox =0
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andy = 0 are the linear functions of the ligeaxisandx-axisrespect.

2.6 The effect ofm and c of the linear function

2.6.1 The effects of m in linear graph

As stated earlier, the value ofis the gradient of the graph of the linear functiwhich indicates the steepness
of the graph. Iim of this linear functiony = mxchanges, the results are shown in figure 2. WherXtvalues
are higher than thgvalues, them is negative and when valuesyoéire higher thar, thenm s positive.

Sl )=-1x
w0
Sl )=1x

il —2x

filxF=3x

"'H

Figure2s f(X)=mxm=-120,123
2.6.2 Effects ofC on linear graph
The valueC as presented earlier is theintercept where the linear graph intercepts yhaxis. For example,

given linear function§(x) = x -1andf(x) = 2x + 1,the linear graphs of these functions would intete-1 and
1 respectively on thg-axis This can be seen in figure 3.

fimF=-1
=21

‘FH

Figure 3: Graph showing effectof ¢ functions F(x) = x—1 and F(x)=2x +1

2.7 How linear function is taught in the traditional classroom

In many traditional classrooms, the teacher intoceduthe topic by writing the linear function on theard and
explains the various components. Afterwards, sttedane asked to complete a table with giveiwvalues to
draw the linear function. Below is a topical exaenpl

Question
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Complete the table below with the functipr x + 1

X -4 -3 -2 -1 0 1 2 3 4

y -3 2 -1 0 1 2 3 4 5

After the calculations, the teacher then asks stisd® draw the graph locating all the points aa ghaph sheet
as shown in figure 3

Figure 4- Draw graph of ' = x + 1 in traditional classroom

3. Methodology

The study employed the quasi-experimentalaesedesign. This is because quasi-experimentadjiés
used to assess the benefits of specific intervesat{blarris, el at., 2006; Campbell & Stanley, 2018)e main
aim of the study was to investigate the effectsMiérosoft Math Tool (graphical calculator) on stuts
performance in linear functions. Quantitative dats collected through Pre-test and Post-test imgtntis for
the study. Ninety-eight (98) students were seleftedhe study from two different Senior High Scko(GHS)
in Accra, Ghana. The two schools were categorize8chool A (Control group) of forty-eight (48) studs and
School B (Experimental group) of fifty (50) studenConvenient sampling technique was used to sdiect
schools. Pre-test assessments were done in thectwols to select equivalent classes of SchooldASuhool B
for the study. The experimental group received hig@rinstruction using graphical calculator whiftaditional
lecture method was used to teach the control gbgupe same instructor by the same instructor.

The Post-test instrument administered after ttho groups had already been thought. The testisted
twenty-five (25) multiple choice tests items on timear function. The questions were based on fifwactions
selected from West Africa Senior Secondary Schoeftificate Examination (WASSCE) which assess the
proficiency level of SHS final year students’ matfagics content. The internal consistency and wglidf the
tests were high since the questions were set bwlkdgeable mathematics examiners, pre-tested guebagd
by the West Africa Examination Council. The totahnks for the Post-test assessment questions wergytw
five (25), one mark for each question. The SPS&vsoé version 23.0 was used to analyse the datapbndent
t-test with equal variance assumed was used tonesther or not a significant difference existswestn the
control and experimental groups. Table 1 showsed tescription of the lesson
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Table 1: Brief Description of Lesson Template

Unit Specific Objectives Content Teaching and learningctivities
Linear The student will be able to: Guide students to familiarizing the with the Mioofts
function Linear graph Math Tool (graphing calculator) interface as intlican
1. Draw graph of linear figure 3.
function Gradient and y-
intercept Assist students to use the graphical calculatairéav a

graph of the linear function as shown in figure 3.

2. Identify and describe the Guide the students to draw the same graph usinghgra
gradient (c) and y-intercept sheet, pencil and eraser
of linear graph
Assist students to identify and describe the poiny -
intercept and the gradient as in figure 3.
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Figure 3: Screen shoot showing interface and effect of thyaimtercept of linear graph
Source Microsoft Math Tool interface of graphical calator

4. Results, Discussion, and Conclusion
Testing for homogeneity of the control and experintal groups

Table 2: Independent T-test with Equal Variances nbassumed

Groups Test Mean SD df t - value p —value
Control group Pre-test 4.40 2181 95.72 441 0.660
Experimental Group Pre-test 4.60 2.339
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Table 2 and appendix A indicated the Pre-test nseanes of the control group and the experimen@ligras
4.40 SD =2.181) and 4.609D = 2.339) respectively. Also, there is no signifitdifferent,t (95.720) = -4.41p

= 0.660, p > 0.05 between the performance of the groups. This showed that the performance of W t
groups was homogenous or equivalent.

4.2 Final findings after the lesson
Testing of Hypothesis Question of the study
To determine whether there is difference in linkarction performance of students between the cbind
experimental groups, it was hypothesized that:
There is no difference in linear funatiperformance of students between the control aperanental
groups after the post-test.

Table 3: Independent T-test with Equal Variances nbassumed

Groups Test Mean SD df t - value p —value

Control group Post-test 2.8B 3.443 96 -6.984 0.000
Experimental Group Post-test 17.74 3.451

Independent T-test with equal variance assusmedi/sis showed that there was a significant iffee t (96)
=-6.984,p = 0.00, p < 0.05 in linear function performancestifdents between the control and the experimental
groups. Therefore, the stated hypothesis was egeétgain, Post-test mean scores were 12588 3.442) for
control group and experimental group 17.3DE 3.451) as indicated in Table 3 and appendix 8nd¢, there
was a significant difference in achievement betwsémdents exposed to the use of graphical calaulato
instructional approach and those exposed to thdbtiaal instructional approach of teaching lindanction.
This signifies that the students exposed to thphgcal calculator instructional model had a betirederstanding
of the concept of linear compare frequent use afile method.

In support, many educators have recommendatpater-assisted instruction as the best replacemint
classroom teaching to the traditional approach rf8dhet al., 1990) and enhance students understgridithe
process of learning (Bingimlas, 2009). in agreemdftaloy, Verock-O'Loughlin, Edwards, & Woolf, (2013
affirm that technology use in teaching is a powleidol to engage and motivate students.

5. Conclusion

The graphical calculator has proven to beedulisechnological tool to enhance teaching andhieg and as
a result, improve students mathematical understgngarticularly linear function. It is therefore portant that
institutions especially High school educators stiaide this tool in their teaching curriculum.
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APENDIX A
T-TEST GROUPS=Groups(l 2)
/MISSING=RANALYSIS
/VARIABLES=Pretest
/CRITERIA=CI (.95).
T-Test
Group Statistics
5td. Error
Groups N Mean | Std. Deviation Mean
Pretest  Control Group 48 440 2181 315
Experimental Group a0 4.60 2,399 338
Independent Samples Test
Levene's Testfor Equality of
Variances testfor Equality of Means
95% Confidence Interval of the
Mean Std. Error Difference
F Sig. t af Sig. (2-tailed) Difference Difference Lower Upper
Pretest  Equalvariances
assumed 1.082 301 -440 96 61 -204 464 -1.125 716
Equal variances not
assumed - 441 95720 60 -204 463 -1.123 T14
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APPENDIX B
T-TEST GROUPS=Groups(l 2)
/MISSING=ANALYSIS
[VERIABLES=Pnsttest
/CRITERIA=CI(.95).

' T-Test
Group Statistics
Std. Error
Groups N Mean | Std. Deviation Mean
Posttest  Control Group 48 12.88 3443 A97
Experimental Group a0 17.74 3.451 488
Independent Samples Test
Levene's Test for Equality of
Variances ttest for Equality of Means
95% Confidence Interval of the
Mean Std. Error Difference
F Sig. t df Sig. (2-tailed) Difference Difference Lower Upper
Posttest  Equal variances
assumed 697 406 -6.984 96 000 -4 85 697 -6.248 -3.482
Equal variances not
assumed -6.984 | 95.854 000 -4 865 697 -6.248 -3.482
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