IMPLEMENTATION OF CONTINGENCY TABLESFOR THE EVALUATION OF ICT
INBOTH ENVIRONMENTS OF UNIVERSITIESIN TETOVO

Lazim Kamberi®, RushadijeRamani® ,Shpétim Rexhepi®, Shpresim K ameri*

YFaculty of Math-Natural Scuiences, State University of Tetova, Tetovo, Macedonia
lazim.kamberi @unite.edu.mk

“Faculty of Math-Natural Scuiences, State University of Tetova, Tetovo, Macedonia
rushadie.ramani @unite.edu.mk

3Faculty of Math-Natural Scuiences, State University of Tetova, Tetovo, Macedonia
shpetim_math@hotmail.com

*Faculty of Math-Natural Scuiences, State University of Tetova, Tetovo, Macedonia
shpresim_kameri@hotmail.com

ABSTRACT

The paper describes a wide survey of the application of statistical model especially of log-linear
models in the analysis of contingency tables with two entrances, which is based on the close
connection multinomial distributions and Poisons on the use of Information and Communication
Technologies(ICT), especialy in the using computer and internet web for diplomic and post
diplomic student of two universities in Tetovo (State University of Tetovo (SUT) and South East
European University in Tetovo). A contingencytablesummarizes theconditional frequenciesof
twovariables, and shows howthese variablesdepend on each other. So acontingency table can be
seen as a link between the two variables according to the information data(Andersen EB, 1990;
Agresti, 1996). The results of contingency tables may described by diagram (diagram with
colons). The situation isstudiedto have alocal and regional viewofcomputer and Internetuseby
studentsfortheirneeds. Italsopresentstheresultsofa studyof asurveymadebythestudentsoftheState
University of Tetovo(SUT) and the South East European Universityin Tetovo, whichtry to
measure the level of computer and Internet use an dindependence in this environment for
students with application of statistical models in analysis of contingency tabels.Surveys
conductedduringJune-November 2010 andduringNovember-December 2011,
showthatthespreadanduseof newtechnol ogi esfeaturedseveral
timesbetweenenvironmentsconditions  where  they  study, faculties, studyprograms,
generationandeconomicdevel opment country.

Keywords. ICT, contingency tables, data interpretation, digital local development, economic
devel opment.
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1. INTRODUCTION

This paperdeals withthe analysis of categorical data,
contingencytabl esandstati sti cal model stoexaminethei rparti cularmodelinhi-square

testandlogmodel s-linearcontingencytableswithtwo entrances, which are based onthe close
relationship ofdistributionmultinomial . The model s aredescribed, and on them were appliedtodata
obtainedfrom surveysconductedduring June-November 2010 overNovemberandDecember
0f2011 with students of two universities in Tetovo.These surveys have to do with in formation
about the performance by the Information Technologies and Communications(ICT).
Contingencytableswithtwo entranceshandlethe relationship betweentwoattributes(variabl es)
according totheirfrequency, the results of whichcanbe presentedgraphicallyintheform
of abargraph.Alsoshowingstati sticalindependenceconditionsfor2x2contingencytabl es,

thetabl es2xn.Resul tsexpandcontingencytabl eswithmanyentri esanddi scussstati sticalindependence
ofthematricesgrumpy.

2. CONTINGENCY TABLESWITH TWO ENTERANCE. APPLICATION

A2-entry tableoratabl eofrandomtwo-way hash
val uesobservedsi multaneousl yprovidesbothstati stical categorical variables(qualitative,
quantitative), [3].Let (X1,Y1), - --,(X2,y2)dataforbothqualitativevariablesXandY respectively.
Asimple description ofthe couple (X,Y) isthe presentationofval ues xjandy;inthe form

ofa2-input tablecalleda contingencytablewith2-entrances.Let py,...,px be modalities of variable
X, andqy,...,qr be modaities of variable Y. Than matrix Moforder kxr,
thatasfrequencyelementsx;;, wherexjithe number of individualswhohavevalues respectively
piandg;, i=1,....k, j=1,...,risa contingencytabl eof variablesXand Y, [9].
Formofacontingencytables:

qi---Gj---Gr
sum
X
X11---Xgj--- X1y
Py X1,
Xi1 . Xij e
Pi Xir Xi.
Pk Xk1 ces Xk . Xk.
Xkr
X . X
sum n
Xr

Members x;andy;can be cal cul atedwitheguations:

Kk r
r k i g .
x. =% x, =3 x and xiy;are called specific effectiveandn=7> X => X, .
j=1 i=1 i=1 j=1
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APPLICATION1In theyear2010becameal382studentsurveyinterviewed forinternetconnectionin
the environmentandsutUniversitystudy[8], [6].From thisresearchreportwe givea table
whichpresents: Groupofstudentsandlinkto the Internetintheir studyenvironments.Here isabrief

description of thegroups: Group [-SUT (Students of theUniversity of Tetovo),
GroupllUniversity(Students of the University of EasternEurope).
TABLE 1.1Classificationshowstwoentriesundertwovariables: frequency

of Internetconnectivityintheir facilitiesandgroupstudystudents, 1382studentsforover 18years.

TABLE 1.1 Frequency of I nternetconnectivityinthestudyenvironment.

netConnection _ .
> B = o)
3 0= 2 3 | E
Student graup £y S8fe 2 2% |5
Group I-SUT 266 200 170 62 28 726
Gruop I1-SEEU 304 124 150 49 29 656
Sum 570 324 320 111 57 1382
Sour ce: Data from thesurveyconductedin June2010
TABLE 1.2Percentageaccordingtodatarowsin table 1. Frequency
of Internetconnectivityinthestudy
Environment.
etConnection = _é
- B > o
T 237 D 2 3 | E
18 588 & 25 &
Student group s |O=d¢ @ Z Z
Group I-SUT 36.64 | 2755 |2342 854 |385 |100
Group 11-SEEU 46.34 | 1890 |2287 |747 |442 |100
Sum 4124 2344 |2316 |804 |412 |100
Sour ce: Datafrom thesurveyconductedin June2010
TABLE 1.3Percentageaccordingtodatacol umnsof Tablel.Frequency
of Internetconnectivityinthestudyenvironment.
etConnection E 4
Stud EI>3‘ ) .‘C;) = % % % S
udent grou =
Jrop 58 65848 z 25 | A
Group I-SUT 46.67 | 61.73 |53.13 |55.86 |49.12 |5253
Group I1-SEEU 53.33 | 38.27 |46.87 |44.14 |50.88 |47.47
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| Sum /100 |100 100 [100 [100 [100 |
Sour ce: Data from thesurveyconductedin June2010

Resultsofthecontingencytablecanbe displayedgraphicallyinthe formofabargraphwith, deciding
onone of the axesoxoroyoneofthe variablesXorY axisandonthe otherthe othervariableremains.

I ncoupl escuttingpointval ues(p;,

) rai sedthebarheight

of jjorrespectivepercentage.Figuresbel owshowgraphsofthe  results  oftablecolumns  tothe

tablel.1.2and1.1.3[7].
: "I:HIMF ) l:l;:ﬂ EIIET‘I:“L::?ITH Ferorntage by pillars. Frogaency of e e
IR, Ly A E'FIIEII'II-."F ERey = O Uy i the premEses of aiady s
iy Er sitles m Tetono g
il i iy T elovn
= Y
,,E - 1l B Grupi Mol
s SEEE .
- - 55,86
) e
| x| - A6 BT = i [-ashl
20 4 ——— .
e e
T 14 77
- . e .
5531
B 3r Lagsht 8 GrQTagejl ® Shama mial

Figurel.1Diagramofbatsforthe resultstablel.2
resultstablel.3

Figurel.2Diagramofbatsforthe

2MODEELHI-SQUARETEST (INDEPENDENCE)

The mainhypothesi sbetweentwoqualitativevariablesis whethertheyare independent. Resultsare
used forquantitativevariables. LetXandY betwoqualitativevariablesWe suppose that the
modalities of variable X are py,...,pka@hd modalities of variable Y are qi,...,qr . By
definition,XandY are independentif:

P(x=kY=r)=P(X=k)-P(Y=r) (2.2)

foreach pairof valuesk andr, of XandY, respectively [5]. To checkthe hypothesis:
Ho: X and Y areindependent againstH;: X and Y arenot independent

willusehi-square testmarked withasymboly%.Since:

P(X:k,Y:r):% P(X:k):% P(Y:r):% (2.2)
thenXandY are independentifwe have:
h_onn (2.3)
n n n

Statisticsof the testwillbe:
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2
ceoy(mom) (2.4
i1 j1 m,
wherem;j-  isan  estimateoftheexpectedfrequencyincellijandn-is  the  total number
of observedvalues.

IfXandYare independent, theny’hashi-square distributionwith  (k-1)(r-1) degree of
freedom.Hypothesi sH ot acceptedforlargeval uesof the testy *and converselyitis
acceptedforsmall  valuesof the  testy?lnastatistical softwareperformedallactionsforfindingthe
valueof the coeffici entxz’ [3]. In the teststatistic(2.4) goalis to comparethe observedval ueswiththe

expectedfrequencies, taking into account theindependence, and to do sobyy>.
= |fy’it's greatwehave reason to believethattheindependencehypothesisisnottrue.
=  |fy’s smallorhasamoderateval ue, wewoul dconcludethattheattempt isactual lyindependent.

Followingthis applicationlet's |ooktosee whya comparisonbetweenx;jandm;is so important.

APPLICATION 2(Independencebetweenvariabl es).Frequencyofrecepti oni nternetconnectionsat
homeandstudentsgroupsclearly showsthatthere is a differencebetween thefrequencywith
whichpeopleinthe groupl andgrouplpersonsperforminglnternetconnectionsat home. This casels
illustratedin Table2.1, wherethereceptionfrequenciesare cal cul ated.

TABLE 2.1 Frequencyof internet connectionat home. Frequencyof waiting forinternet
connectionat home.

etConnection — - -
> °© o
o ) 0 £
Stuclent group 2z 83f:F 3 (2B 5
Group I-SUT 430 125 91 50 30
(409.75 | (12345 | (97.1 | (65.15 | (13.4 | 726
) ) 8) ) 7)
Group 11-SEEU 350 110 94 74 28
(356.02 | (111.55 | (75.7 | (58.07 | (27.5 | 656
) ) 3) ) 3)
Sum 780 235 185 124 58 1382

Sour ce: Data from thesurveyconductedin Juneof 2010.

Calculatingthe valueofhi-square statistics, foundthat:

2
< o (n-m;)" (430-409.35)°  (350-356.12)°
CZZZZ = 20035 7T ame12 =342l
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It seemsclearthat the frequencyof internet connectionvariesaccording togroupsofstudents.
Studentsin Group llare less likelyto haveinternet connectionathome thanstudentsin Group 1, [8],
[9]. Theobservedvalueofy’is 34.21 thatisaverylargenumber.Percentage of 95 % in a
distributiony®with 5 free degree is 11.07, so value ofy’thatweobservedis very difficult
tobefalthereforebe  rejectedhypothesi sofindependenceat homeinternetconnectionto  be
independentfromGroups landl I students.

APPL | CATION3Respondentstorecordthei rquestionwasmadeforthe device witha computer at
homeandgender. 1382respondentsclassifiedaccording totwocriteria thehome
computerdevicewiththreemodes: 1-Yes, 2-No: 3-NoresponseandGenderintwomodes: 1-Female:
2-Man.The resultssummarized inthe formofacontingencytable, produced withSPSS
programforvariables, [10], with thehome computerdeviceandgroupsare:

TABL E3.1The devicewiththe home computer. Frequenciesof waitinghome computer.

ice with home
No
comp yes no answer Sum
Groupsl, I1
SUT 407 282 37 726
29.45 20.40 2.68 52.53
425 196 35 656
SEEU 3075 | 1418 |253 | 47.47
sum 832 478 72 1382
60.20 34.59 521 100.00

Sour ce: Data from thesurveyconductedin2011larger state-owned.

Here, thetable, the percentages are calculatedas a percentageof the total. But it is possibleto
cal cul atethepercentagesbyrowsorbycolumns. The results ofthis tableis presentedgraphicallyas
follows, [6], [8]

e aceording to the total. Beception frequendes home

COImprte
60.2
30,75 ; 34.59
= i—l 20.4 268 521
safl =
——
les ] Mo answer
B Group | B Grougll Sum

Figure3.1Diagramofbatsforthe resultstable3.1

From Table3.1, these valuesyieldcal cul ations:
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cZ:Z

(ny—m, )2 (407-29.45)° (282-20.40)° (35-253)°

> = + ot =..=16.67"
= m, 29.45 20.40 2.53

]

Withthehi-square valuei sgreaterinthiscase, weconclude that theattempt isinfact noindependence,
thenthe hypothesisHOIs rejected. Statistical decisiontakeninthisway.Ifthe observedvalueofhi-
square is such thaty%y%(k), then thenull hypothesis is rejected. Otherwiseit is
accepted.Sincey %o 0s(2)=5.99anditissmaller thanthe observedvalue thatisl6,67, then itdoes
notacceptthe null hypothesisthatthehome computerdeviceto be independentfromGroups landll of
universities.

3. RESUL TSANDDISCUSSIONS

From Table2.1, thefrequencyseems clearthatlnternetconnectivityvariesaccording
togroupsofstudents. Studentsin Group llare less likelyto haveinternet connectionathome
thanstudentsingroupl. Theobservedvalueofy? is 34.21 which is a big number. Percentage
95 % inadistributiony®with 5 freedom degree is 11.07, so value ofy’thatweobservedis
very difficult tobefallthereforebe rejectedhypothesi sofindependenceat
homel nternetconnectionto be independentfromGroups landll of students.

From figure3.1 we see that:

60,20% of Thestudentsare provided withcomputer

30,75% of the group Ilare provided withcomputer

29,45% % of the group lare provided withcomputer

2.53% of the group [larenotequippedwith computersversus2.68%
ingroupl arenotequi ppedwith computers.

The calculationsin Table 3.1givethese values. Withthehi-sguare valuei sgreaterinthiscase,
there is no independence, Hohypothesisis reectedthenaccepted. Statisticaldecision
istakeninthisway. Ifthe observedvalueofhi-square is such thaty? >y’(k), then thenull
hypothesis is rejected. Otherwiseit is accepted.Since,y % 0s(2)=5.99anditissmaller thanthe
observedvalueisl6.67, thenthenull hypothesisis regectedoyhome computerdeviceto be
independentfromGroups |, 11.

4. CONCLUSIONS

On theapplication oflog-linear model sforcontingencytabl escan drawthe following conclusions:

Contingencytablesinterpreted in terms ofthe relationship
betweentwovariabl esasfrequencyandstati sticalindependence

The mainhypothesi sbetweentwovariablesis whethertheyare independent. Tocheckthis
usehi-square test. The hypothesisis rejectedforlargevaluesand vice
versasheadmittedtosmall values.

a)Table2.1showsthat the frequencyofreceptioninternet connectionat homeandstudent

groupsshowsno  differencebetween  thefrequencywith  whichpeopleinthe  groupl
andgroupl I personsperforminginternet  connectionat home. Group lIstudentshave

lessinternet connectionathome thanstudentsinGroup .
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b)thatthe observedvalueofhi-square is34.21anditisgreater thanthe value ofhi-square
with5degrees of freedomwithsignificancelevelof0.05is11:07, thenrgjectedthe hypothesis
ofindependence, thel nternetconnectionhometo be independentfromgroups landl I students.

c) Table3.1showsthat the hypothesi sofindependencewithhome
computerdeviceandgroupsl, I1notrecogni zedasthe observedval ueofhi-square is16.67which
isgreater than5.99which is the valueofhi-square

withtwodegreessi gnificancel evel of discretionand0: 05.
5. REFERENCES

[1] A. Agresti and A. Gottard. Independence in multi-way contingency tables. S. N. Roy's
breakthroughs and later developments, Journal of Satistical Planning and Inference, (2007).

[2] Agresti, A. (1996). An Introduction to Categorical Data Analysis.John Wiley and Sons, Inc.
New York, New York, USA

[3] Andersen. Introduction to the Statistical Analysis of Categorical Data, Spring 1997.

[4] Brich, M.\W. (1963). Maximum likelihood in three-way contingency tables.Jour. Royal
Statist. Soc. B. 25, 220-233

[5] LIPuka. ProbabilitetetdheStatistika e Zbatuar.K oncepteThemelore. Tirané 2010.

[6] L. Kamberi, S. Alija, LI. Puka, ICT Diffusion and Use in student Environment in Tetovo,
European Journal of Scientific Research, ISSN 1450-216X, Volume 56, No 4 (2011), pp
556-561

[7] L. Kamberi, Sh. Kameri, Sh. Ismaili, An Evaluaton of the ICT Use by the Students of Tetovo
Universities in Macedonia, International Journal of Digital Content Technology and
Applications, ISSN 1975-9339, Volume 5, No 8 (2011), page 101-107

[8] L. Kamberi, S. Alija, LI. Puka. ICT diffusion and use in student environment in Tetovo,
PROCEEDINGS OF 4th Internationa Conference for Entreprenurship, Inovation and
Regional Development (iEIRD’2011), Ohrid, Macedonia

[9] L. Kamberi, Sh. Kameri, Sh. Ismaili. Pédorimii TIK ngastudent&t e
universitetevenéT etovépérgéllimestudimi,  TakimiiPestéVjetorNdérkombétarilnstitutitAlb-
Shkenca, Konferenca e SeksionittéShkencavel nxhinierikedhetET eknol ogji sésélnformacionit
(TPVN-IASH-KSSHITI’2011), Prishtiné, Kosové

The 1st I nternational Conference on Research and Education — Challenges Towar d the Future (ICRAE2013), 24-25 May 2013,
University of Shkodra “Luigj Gurakugi”, Shkodra, Albania



