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CHAPTER FIVE

RESULTS, ANALYSIS AND DISCUSSION

5.1 INTRODUCTION

This chapter validates WABS metric quality in terms of vaw reliability and

11N ts ionducled to test

the five hypotheses formulated in Chapter 3 are discusse or ow.degree of

accessibility level improvement achieved by the 1cY for Sg’o “‘Q 1tes 1s
n

demonstrated in section 5.5. Datasets (A) and (B) thre W @ater 3 were

utilized to run the experiments using A—Chec]@NﬂTa ated, tOwls. Dataset (A)

.

S Q&Ig?l (B) contains top
L

1€ ﬁﬁ-}lhree experiments and

&

dataset (B) in the fourth expcrimentN,\ aly?z fec@ page sampling on barriers

weight; when data are collcc‘E Eoz diffegent

Known errors that do not&wumar .

within these datasets. Ilﬂht wOr FatiogSNhat can be checked automatically are
| % i o it il .

considered, \\'hcrcaq‘ engfic pfobignt ané_yvammgs that needed human review are

ignored. In ordg w the 1{6 Ll s @ied to collect data about each error (barrier)

. ; >4
frequency in& sted webpage usin\?’the aid of the automated tools. Unlike TAW tool,

Z
—

contains high-traffic homepages of Malayifm

high-traffic global websites. Dataset (

anlplé her than Malaysian websites.
f

' ntiox:(»ére collected from each homepage

one shgr ¢ of A-Checker is the inability of the tool to list the frequency of each

barri generated report by the tool only shows an (x) notation next to the violated

SC without mentioning its frequency. Therefore, a program was designed (as described in
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section 3.4.1.2) to analyze the reports generated by A-Checker to count barriers'
frequencies automatically which reduce the time needed for analyzing the resultgeOnce

the evaluation datasets and the automated tools were chosen, four expec' n are

designed to test the metric quality. The first experiment results are furl% ored to

measure the degree of accessibility level improvement when the highlfanked severe

barriers identified by WABS metric are removed. Descriptive and 4 Nal statistics are

e
adopted to analyze the experiments' results in order to validat " sea‘:h hypotheses.

based on experiments findings. Table 5.1 summarize

year the experiment was conducted in, the automated



TABLE 5.1: Experiments’ Description
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Experiment Experiment 1 Experiment 2 Experiment 3 Experimeng4
Goal Measure the | Check barriers' | Check barriers' | Check hagiers'
severity of each | weight when | weight when | wei %n data
barrier evaluating by | evaluating over | ar cted from
different tools time by the same t  samples
tool Nb) he same tool
Year 2014 2015 2014/2015 2015
s
Automated Tools | A-Checker A-Checker/ TAW A-Checker Th\\’
Dataset A “A” A B Y.
Y, &
Hypothesis H1: Barriers that | H3: Barriers' : Bax@'
violate  priority | weight 'Cig%z
level “A™ are | significantly si&ﬂ?ﬁntly
more severe than | changes when ges

those that
other

levels.

violate

priority

H2: Barriers that

violate the same

different lo\

are utiliz

C
Cs'\?"hen data are

collected
from
different

samples.
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FIGURE 5.1: The Experiments Plan

Year 2014

Year 2015 c\z
AChecker TAW TTAW

AChecker

5.2 RESULTS AN

This section on

results un Wﬁrent co

>
quantitative da&sing descriptive and inferential statistics. Descriptive

X T QPSS program version 22.0 (IBM Corp, 2013) is
p

used alyze

t experiment to measure the central tendency of data using

s are run on the firs
dn. 1t is highly likely that the data are skewed, so using the median is the best choice

since it is less affected by outliers and skewed data. Furthermore, inferential statistics are
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run on the rest of experiments. Automated tools, time and samples are treated as
independent variables since they are being manipulated and controlled within experiments
in order to observe the effect on the dependent variables. Barriers weights auggdrogted as

n-pArametric

5/

dependent variables. Experiment 2 uses Friedman Test, which is a

alternative to ANOVA with repeated measures. It is used to test for gices between

4

groups when normality assumption is violated. For experiment 3, W yon Signed Ranks

B

Test is used since it does not assume normality in the data. T eNis uied to investigate

any chanee in scores from one time point to another. Exp ent 4 m(\sp&sde of Mann-
3 g . \%

Whitney U Test. This test is used to compare dii% betwer d illﬁ'@cndent

groups when the dependent variable is ordinal or COTJS, ’% nnal'lsxi.islributed.

°‘f0 at.Sq A)

A, ) :
@. The first hypothesis

[H1] is: Barriers that violate 1)/'1'()1':'{&

i.e. barriers that violate priorijgs lev are fhore el’esem barriers that violate priority
levels AA and AAA. ThCS\CC() h L 104es: Barriers that violate the same
y el t the@ious hypotheses, an experiment was

| -
he sewbrity of each barrier. A-Checker tool was

@]

N
dataslt .’Tabl "2 shows the total frequency of each barrier

C

adopted to wor

ataset in a dc@ing order. For simplicity purposes, barrier id

across the d

corresp SC id that has been violated. A-Checker is able to check 15 different

riers (barriers id). The most frequent barrier across the dataset (A) was scored

by (1.1.1) with 4626 occurrences. In contrast, barrier (2.2.1) only appeared once.
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TABLE 5.2: The Total Frequency of each barrier across Dataset (A)

Barrier ID Total Frequency Priority Level

111 4626(most frequent) A v
1.4.6 2327 AAA %

2:1:1 710 y *

1.4.4 592

1.3.1 311

244 222

3.3.2 156

3.1.1 114

2.4.6 104

e, !
2.1.1 Experiment % o s (,)
After collecting ll::%d (?t , W @alc was applied to calculate the weight of

each barrier. Tabs 5% presents the we@. generated by WABS for each barrier ordered

from the m XCI‘C (highest weight) to the least severe barrier. The most severe barrier

Wt A7 in 2014 was (1.1.1) while the least severe one was (2.2.1). Figure 5.2

depicts the weight of each barrier generated by WABS metric.



TABLE 5.3: The Weight for each Barrier in Dataset (A) using A-Checker
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Barrier 1D

Barrier Weight

Priority Level

15]%] 0.000107(most severe) A \? :
1.4.4 1.22E-05 AA (0
1.3.1 6.14E-06 A \
1.4.6 4.4E-06 AAA i
N
211 2.04E-06 A \
3.3.2 1.82E-06 A '
]
244 1.05E-06 ' \d
[ ]
3.1.1 8.67E-07 ’ ,' c)\v"
411 135E-07 P X
D" v
24.6 5.99E-08 A
1.4.1 4.73E-08
DY) 1.73E-08
Y 4.37E-09
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FIGURE 5.2: Weights Generated by WABS Metric for each Barrier in Dataset (A)
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5.2.1.2 Analysis 1, testing data normality

The distributional shape of barriers weigh\

met. Skewness (3.777, SE= .580), kN |
Test of normality (S—U'*.S()}%Sv 17<‘l
Visually, Figure 5.3 displa&wﬂlm‘f \\ e di
of normality is rejected L\lhc welgNg :

% e

The average welj us%' bm}'i S <}

Quartiles pmmmre accurate mea%@g of central tendency. The median weight per

barrier by E Wecker (V= 15) for the year 2014 was 8.67E-7(IQR= .0000044). The

maxzmut

(2.2.1).

veight was 0001070 scored by (1.1.1) and the minimum was 7.87E-11

dian v
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FIGURE 5.3: Normal Q-Q plot of Weights

Expected Normal

(A). Consequently, further m(‘% nalysi$ w CAHQOU( to investigate if there is a

relation between barriers' geqQCy alld
{4'
its total frequency and m "l

\ d in ord d f il vere an
mn,‘n 01 f'lS c cted in order to determine if there v y
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A Spearman mn

ulmomlnpb en barriers' ﬁcqu@and weights. A two-tailed test of significance

indicate ¥.re was a significant positive relationship between frequencies and

) = .96, p < .001. Therefore, the more frequent the barrier appears in the

N

evaluation set, the highly likely it is to be more severe.
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TABLE 5.4: Barriers with Corresponding Weight and Frequency

Barrier ID Weight Total Frequency
111 0.000107 4626 T‘
J£34] 6.14E-06 311

1.4.1 4.73E-08 76 -\
1.4.4 1.22E-05 592 ?
1.4.6 4.40E-06 V
2.1.1 2.04E-06

2:2:¢1 7.87E-11

2.2:2 1.73E-08

24.1 3.81E-09

242 4.37E-09

244 1.05E-06

2.4.6 5.99E-08

3.1.1 8.67E-

3.3.2 1.82E-00

4311 1 33F%97

S8
: >3

2.2 Experiment 2: (@0nipgrin Barr r}R ihg Against Tools

Q- &
Experiment 2 tediggthg third®l sisY~ ] which is: Barriers' weights significantly

n

change wheg tielent tools are zm’/is@' he automated tool results may vary according

to pl.c\vi%ics (Al-Khalifa et al.. 2012; Abuaddous et al., 2013). Nonetheless, this

docaot nY¥essarily mean the barrier ranking will be different since the metric takes into

2000). In October, 2015, A-Checker and TAW

account different aspects (Anderson et al.,
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tools were utilized to evaluate dataset (A). The main goal of this experiment is to check if
there is a sienificant difference between barriers' weights when different tools are applied
to the same webpages and whether this difference affects the overall ranking Qgiers,

When A-Checker tool was run over dataset (A) in 2015, six websites oulanot be

analyzed due to error type: “504 Gateway Time-out”. TAW tool ?‘aced some

problems when analyzing three websites resulting in “Server error w /ebpages that

could not be evaluated were discarded. z '
\d.

N4
Table 5.5 summarizes the common barriers that could ecled‘.b ol A- Yngﬁer and

5.2.2.1 Experiment 2 results

wa Q\m’]d to be in

st se¥gre barriers by A-

Checker and TAW were (1.1.1) and (1.3. Ic, 1‘espect§?ﬁ Eﬁ,.l) was found to be
\
%- il

stratgs G\ -C er and TAW results.
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TABLE 5.5: Barriers' Weight Score when Utilizing A-Checker and TAW

Barrier 1D A-Checker TAW Priority Level

L1 8.03E-05 3.4E-05 A T‘
1531 2.06E-05 7.08E-05 A %\

2.2.1 1.15E-10 2.95E-09 A

2.2 1.56E-08 4.88E-07 T

242 4.34E-09 1.85E-08 V}\

244 1.4E-06

34151 6.63E-07

3.3:2 1.3E-05

4.1.1 8.32E-08

Barriers Ranking

| 1(most severe)
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FIGURE 5.4: Barriers' Weight Differences between Automated Tools

0/ 00ED5 e
8.00E-05
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5.2.2.2 Experiment 2 analysis V
A non-parametric Friedman test of dlffﬁl‘@ll\malg repea

to see if there was any significant change n barr qe' Sﬁy hen generated by A-

? )
Checker and TAW automated tools, 1e (p-wglue 96)@1 of significance, there

exists enough evidence to concludcvheler stat@\lly significant difference in
‘ 1 !
barriers' weights when different to weQ' % =1, N=9) =2.778.

Box plot Figure 5.5 prOQSUI 00§¢elgllt results. Since half the scores in

c !

@ : (,)
a distribution are b@ 1e hfhgos, 1\IS 1@ that half A-checker weights are between
1E-08 and 1 ()SEWICI'C s'r vzﬂw @hts are between 2.5E-07 and 3.07E-05.
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FIGURE 5.5: Box and whisker Plots for Weights Generated when using different
Automated Tools
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5.2.3 Experiment 3: Comparison ofgb:

The hypothesis that this expcr%Zns to Jmc 1s ll 1111 hypolhesm [H4] which is:

e Jul eb nature is dynamic and so is the

Barriers' weight significanig Iangcsl

content. When conductifs
span, the results
inevitably me :&e overa ‘mr@erity ranking will change (Anderson et al.,

>4
2000). Thig nmul

cins f N specific dataset over a different time

wi@fect the barriers' weight. This does not

t aims to obsc}e if there is significant change in barriers' weight

1g experiments in different intervals of time using the same

and r when holding

autome hool and same dataset. Experiments 1 and 2 have tested dataset (A) in 2014 and

2015 by A-Checker tool. Thus, this experiment utilizes A-Checker results from
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experiments 1 and 2 and compares them to observe the same dataset over time. Webpages
that are not active anymore are excluded from this experiment. Six webpa were
discarded since A-Checker could not analyze them in 2015 due to erro@ 504
Gateway Time-out”. This experiment could give a slight indication of ccessibility
condition in the Malaysian websites. Also, the evaluation would revea the designers'
awareness increases over time when designing their websites. ‘V

5.2.3.1 Experiment 3 results

ompgm

Table 5.8 shows barriers' ranking in 2014 and 2015 ed fr

the indicated time.
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TABLE 5.7: Barriers' Weight Scores in 2014 and 2015

Barrier Weight 2014 2015 Priority Level
1.1 0.000107 8.03E-05 A \?
1.3.1 6.14E-06 2.06E-05 A -io
141 4.73E-08 2.38E-06 A
144 1.22E-05 5.19E-06 ¥
14.6 4.40E-06 4.19E-06
i 2.04E-06 1.79E-06 \i
- -
ﬁ L -

2.2.1 7.87E-11 1.1SE-10 '\Y'
50 1.73E-08 1.56E-08 A

: .
3 a1 3.81E-09 234E-0 RS
242 4.37E-09 A N
244 1.05E-06
246 5.99E-08
311 8.67E-07
332 1.82E-06
4.1.1 1.35E-07q.
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TABLE 5.8: Barriers' Ranking for Dataset (A) in 2014 and 2015

Barrier Ranking 2014 2015
I (most severe) 1.1.1 1:1.1 T‘
2 1.4.4 1.3.1 %_
3 1.3.1 3.3.2 *
4 1.4.6 K T
5 2412
6 3.3.2
7 244
S 3.1
9 4.1.1
10 2.4.6
11 1.4.1
12 DH0L)
13 24.2
14
|
15(least severe) Z. '

5.2.3.2 Experiment 3 an\& Q
l

In order to test wi arrigrs w Ul; ha ged significantly across the years, a

Wilcoxon signe d t wak 1€ n 1ans for 2014 and 2015 were 8.67E-07 and

1.4E-06, lb\l The Wilcoxon s\ d rank test showed that barriers weight did not

elicit a s ly significant change between 2014 and 2015 (Z = -.227, p = .820).

re 5.6, which plots barriers weight over time.
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FIGURE 5.6: Barriers' Weight Differences over the Years
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5.2.4 Experiment 4: Comparison of Barrie@ing wi

This experiment validated hypothesis ﬁ\:?]g] ﬁ(’)‘/‘ier’ \rl'@@\'[g)zifiC'a;;[[y changes

q
when data are collected from (/[{fereiN les. Iin}l.\é%eriments with webpages
collected from different sampl%i ;ffect arrigfs' (g, Notwithstanding, this does

’ s

wi 1ange (Anderson et al., 2000).

not mean that the overall ing 0‘ \QQ

Experiment 4 is intendd to mves

‘ : ¢
samples. In Oclobcr@ exj 3
out and then co wlo TK\ Cofllts wé\dataset (A) from experiment 2. TAW can

V

1e experiments would discover the common

e

uquAW tool against dataset (B) was carried

check 16 difggent types of barriers.

prograt Sractices of Malaysian Web developers concerning web accessibility. This

expert an show if the metric results could be generalized. Subsequently, WABS

metric was applied to the results to calculate each barrier's weight.
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5.2.4.1 Experiment 4 results

Table 5.9 displays barriers' weight generated by TAW when the tool was run over dataset

(B) in a descending order. \?
TABLE 5.9: Barriers' Weight when TAW Tool was run with Datasa (BD

Barrier ID TAW International T

1.1.1 6.73E-05 N

1.3.1 9.15E-05 Y'
|
|

4.1 6.14E-05

(A) and (B). Barriers ranking can be found in Table 5.11 ordered from most severe to
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least severe barrier. Barriers (1.3.1), (1.1.1) and (4.1.1) scored the highest weights in both

groups.

TABLE 5.10: Barriers with their Corresponding Weights in Datasets (ﬁ%B)

\Y'

Barrier ID

TAW Malaysia (A)

TAW Global (B)

PIWQVH

1.1:1 3.40E-05 6.73E-05
1311 7.08E-05 9.15E-05
2.13 7.01E-07 6.44E-07 A i
224 2.95E-09 8.64E-09 A 2] Y.
>
22.2 4.88E-07 1.84E-10 A
s F
224 8.26E-10 1.84E-10 \\ Y\"
242 1.85E-08
244 1.12E-05
249 4.28E-06
2.4.10 1.28E-06
311 4.81E-07
322 1.69E-07
3.2.5
3.3.2
4.1.1
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TABLE 5.11: Barriers' Ranking when Different Datasets are Used

Barrier Ranking TAW Malaysia (A) TAW Global (B)

I (most severe)

~

[95]

N

6

16(least severe)

5.2.4.2 Experiment 4 %ﬁ &

N
A Mann-WhitneydU,tc wasgegn ¢d tegcheck whether there was significant change

when data are ted from differen@ples. The Mann-Whitney U analysis sorted the

: 7 ordes «sioned a rank to each number. The ranks were compared between the
ata by o assig

two ggoupsyWPatasets A and B) and summed up to determine if any difference exists. The

results of the test were insignificant U=126, (Z = -.075, p=.940) and the difference
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between groups was small (= -.01). Dataset A (Malaysia) had an average mean rank of

16.38, while dataset B (Global) had an average mean rank of 16.63. For visual

representation of the differences between barriers' weights when different wtait are

used, see Figure 5.7. ,

FIGURE 5.7: Barriers' Weight Differences between IWX.
1.80E-04 Y’
1.60E-04 ;
1.40E-04
1.20E-04
1.00E-04
8.00E-05
6.00E-05
4.00E-05 i
2.00E-05 i
0.00E+00

Barrier Weight

5.3 DISCUSSION

The purpose of this sccl&lo sm@e
\~ f |
experiments. The hypo forghulat \&
\ 1 . .
are also discusse%' iongl ’cxp@ents analyses reported in this chapter are

specifically dj4mmedgd in this section i]@f!‘ to examine WABS metric quality.

531 l)'s%on Experiment 1

sub question addressed by this experiment is the following: To what extent

The ret

does each barrier contribute to accessibility problems in a given evaluation set? What are
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the severity and the weight of each barrier when evaluating a specific dataset? Do the

barriers which violate higher priority, score higher weight than the others (more severe)?

Does barrier ranking depend only on the priority level? \q

Two hypotheses were formulated to answer this research question. The ypothesis

[H1] was: Barriers that violate priority level “A™ are more severe than¥he others. The

second hypothesis [H2] was: Barriers that violate the same priors €| have the same

weight. Before analyzing the results of the first experiment, ality' was tested for

dataset (A) to choose appropriate tests for each experime!. TheStumper o eti{viers

was slightly small, thus the data was skewed and ed normplityf assymption by

Y’ N
Shapiro-Wilk Test. V \ EY'

am’é?t can be noticed

that barriers that belong to higher priorit re ﬁl\%s r é:re severe than other

types of barriers. For example, ban‘ie\ 6) am"%ij) ‘:v@elong to priority levels
A

“AAA” and “AA" respectivelygyercgfiore se,cre | @h)an‘iex's that belong to level
“A”. Accordingly, [H1] is rqi{% \" ;(‘)q
Table 5.3 also shows @1’ rs.ﬁtl&;églong to the same priority level are
different. For Cxam@iers 1)), 3f'3.éjmd (2.2.1) scored different weights even
though they belo m'iorily{ . T{US, &is rejected.

A <

This cxpcrim\?onﬁmls that barriers weight does not merely depend on priority level.

f a barrier in the dataset has a large effect on its weight. Spearman

The grtal uency o



141

rank correlation coefficient showed evidence of a positive relationship between barrier

frequency and weight with ry(15) = .96 and p <.001.

5.3.2 Discussion on Experiment 2 %

The research sub question addressed by this experiment was the followg

weights significantly change when different automated tools are utilifgd?

results, tool independent? If there is a significant change, to w % it oes it affect the
overall ranking? The hypothesis stated a priori to answer tl uestio s Barriers
-

weight significantly changes when different tools are utll@ ' ‘@

Since the data are not normally distributed, a Fuedma test o m a%é if there is

a significant change in barriers' weight wl@nt Is¥gre utlkzed. The results
e =.0

showed insignificant change at the (p-va 6 T c%ﬂcance. Hence, [H3]
. : N
hypothesis is rejected. Nomtheless 1s Qankipd, sli changed when the

experiment was run with dlffelen hec \vas used, the most severe

barrier was (1.1.1), followed I% ). H rev l'lm AW was utilized, (1.3.1) had

the highest weight, iollO\&N 1. 1', as

Town iidNrable 5.6. The slight differences can
be due to different reg ll odyc 'Jffe tools as indicated by previous studies
Y A

(Al-Khalifa et al. ad u ,§§)
&
5.3.3 Discussign xperiment 3 q

0 \ question addressed by this experiment is the following: Is there a

The rese;
signggcantwhange in barrier weight when evaluating the same dataset over time? If yes,
does this change affect the overall ranking? The hypothesis based on this question was

[H4]: Barriers' weight significantly changes over time
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Table 5.8 demonstrates barriers ranking over the years. It can be observed that in 2014,

barrier (1.1.1) was the most severe, followed by (1.4.4). In 2015, (1.1.1) remained in the

first place, followed by (1.3.1) in the second place. The four last barriers stayd\R same

for both cases. One possible explanation of the small changes in barriers!’ %.g is the

dynamic nature of the Web, as webpages contents change over timg resulfing in new

Thus, [H4] is rejected. \d
oo

5.3.4 Discussion on Experiment 4 é

weight significantly change when data are\ni@ fr

results of the metric be generalized or are Ehey

/Ing: @es barriers'
a§

emQ 1ples? Can the

e&%ﬁ? The hypothesis

V.S 131@’ weight significantly

formulated to answer this research qu
[} &
changes when data are collected from Sgcrent 4 \A
z T ! \}E
A Mann-Whitney U test was cOl tedlo\ tlfege, Was a significant change between

barriers' weight when d(& oll (led m difgent samples. The results of the test

N
were insienificant U2 =4-.07 ’é9mg‘dnd the difference between groups was

O

small (= -.01). @ in:T le :.1 a@e, the first three barriers had the same ranks

in both groupg, \&ile the ranking for est of the barriers did not significantly change,

ted. The small changes in barriers ranking can be due to different

progranggd practices followed by Web developers when coding their webpages. To put
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it another way, some companies compel Web developers to adhere to their accessibility

policy while others do not have this kind of regulations.

5.4 DISCUSSION ON METRIC QUALITY \z
This work focuses on the effectiveness of the metric which refined MW validity,

sensitivity and reliability. Vz
5.4.1 Validity z '

The theoretical validation confirms that WABS metric vgas noWbuilt ar 113/5\?36 it
>

foll proved

Y
principles found in Information Retrieval and Mathen tics. Nuue:!em to build a

adheres to the requirements and assumptions made apter 4 fan

good metric suggested by the eminent resea 1 1g,

carefully followed when formulating vari es cons \{1?

Web accessibility metrics proposed b%m Rscargh®s 20 van & Matson, 2000;
2 1av

Zeng, 2004; Arrue et al., 2005, Velkggan tal @1 extensively studied from

the viewpoint of formulations é%‘« S. W

metric proposed by (Zeng &NTh lme oml fon in terms of barriers weighting

veglog sp IhOQ hus the metric measurements cover:

igbﬁ. al., 2007) were

etric. Furthermore,

—

95}

1 3 c 1zes some parameters used by

and ranking is inspired y

(1) The importance, amu to llﬁmers that violate the same priority level;

(2) The importantg oMhe bamel 0 tlegage and (3) The importance of the barrier to

all the othe Nxs in the whole dataset (all websites). Two principals were used from
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and third measurements). The second principle is TF-IDF (Sparck Jones, 1972) which

was adjusted to meet the second measurement.

For empirical validation, the first experiment was conducted and analyzed to cN " the

metric values have discriminating power and if the barrier frequency, avpositive
correlation with its weight. Table 5.3 shows that the metric results we sitive, finite

and normalized with continuous range of values fell within the raQQeN as intended by

the specification. It is obvious that metric values have large di§8gm 1ati'g power which

supports Sheppard & Darrel (1993) contention. Table 5.3 alsoNgmodstra 1Y h%g'iers

i 1S
weights that belong to same priority level are differ of exangple@Bar ial-{?l.l.l),
L 4

(4.1.1) and (2.4.1) scored different weights even they

“A’%ﬁch barrier
has a unique value even for barriers belong@ vg'l.
lon

This allows
observing the influence of each barrier lhatEe 0
Moreover, the empirical validity of \e r

the correlation analysis between b fre
'
correlation in subsection (5.2.1.5) s WCKM @10 ositive correlation between the

total number of accessibilj }ers Ld thg weig, tained for each barrier with ry(15)

N
= .96 and p < .001. 1%\ c lc%l'b&t Sanglers’ weight does not only depend on
priority level. Th%%ﬂm?:x cy #f 4 b r in the dataset has a large effect on its
} 4

1

hapter was tested by

ler weight. Spearman rank

weight. This Ams the logical ass\cgvplion that the more the barrier appears in a

dataset 1@ likely the barrier will be more severe. Therefore, when WABS metric
was @ account the barrier frequency measure.

od it took 1nto
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5.4.2 Sensitivity

The accuracy of metric measurements was designed and greatly enhanced in order to be

able to discriminate between accessibility barriers. Experiments' results have %N the

ability of the metric to discriminate between accessibility barriers' sevem y giving a

positive numerical score based on the following measurements: (1) TheW\ance of the

barrier to other barriers that violate the same priority level; (2), lwportance of the
w

h')le dataset. The

barrier to the webpage; and (3) The importance of the barrier

conducted experiments have demonstrated the sensitivity th & ,izi,m-c_
L3
However, the metric was not too sensitive to small ch in websifes te ts-\u en the

T
Sv}'ales) since

ents. Of greater

experiments were conducted in different contexts (R.sp

extremely sensitive metrics can over-react g S%Nan(c
sites ontents which could

concern, is the fact that highly dynamic w al w A
affect metric results. The previous experu sifowed_a hax@ albeit insignificant, in

accessibility barriers weight. e\
N
£
@)

5.4.3 Reliability (0
me ehavior under different contexts:

Three experiments were c@!
g
1) One to study tig regfces 1 1'3 m scores when metric is fed with data

%
produced %’ ent @ m p 0(%9.

2)SA seccA see how reliabilit{j\ﬁ":nges when metric is carried out at different

N

to analyze the effects of page sampling when webpages are collected from

S
)&

different samples.
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The proposed metric shows reliability, because all the measurements are reproducible and

consistent when calculated by different evaluators under similar circumstances (same

tool, sample and time interval). Moreover, the differences between metric scon\qe not

significant when the metric was applied in different contexts. Trad1 T 1ab1111y
measurements such as inter-rater and internal consistency are not a ble to WARBS
metric. However, small changes of metric scores were obse \der different

conditions. This can be due to the dynamic nature of websi ich could result into

different contents with different number and type of ac thermore
WABS metric utilizes error reports generated by automat ols; it floes 1 t’m\ auy
ol being

subjective judgment. The reliability of results coul on Il 1at

used.

5.5 RESULTS AND ANALYSIS FOR M AS IEQQ{? P&QEMENTOF

_.J?

S
A“'

The first experiment of this work v 1du1€ ' Clob 2014 using A-Checker tool

and dataset (A). Zeng’s modlf“w%w (fox\ 3 a applled to A-Checker’s reports

for each website in datasu& alCll late (Ye acc 111ty score for each website. Table

5.12 shows the acccssl%\m for at ?Iy sbsites of dataset (A) using formula (3.3)
in a descending i h}s s$p
Institutions in . Higher score 1@)‘; low accessibility level and zero score means

\\ violated any accessibility success criteria and has no barriers. The full

ACCESSIBILITY LEVEL O

resents 20 Public Higher Educational

a

the website

list of reMs an be found in Appendix A.
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TABLE 5.12: Web Accessibility level for 20 Public Universities in Malaysia before
Fixing Top Severe Barriers
mnk Website University Website Web Accessibility

Name score before fixing
top severe bar
1 77.28 (loweg\
ssibifit

http://www.upnm.edu.my/en/

upnm
2 unisza http://www.unisza.edu.my/index.php?lang=en
3 umk http://www.umk.edu.my/rasmi/
4 uum http://www.uum.edu.my/index.php/en/
5 ukm http://www.ukm.my/v6/
0 upsi http://www.upsi.edu.my/
7 um http:/www.um.edu.my/
S upm http://www.upm.edu.my/?LANG=en
9 umt http://www.umt.edu.my/

10 utm http://www.utm.my/
http://www.usm.my/index.php/en/

1§ usm

12 iium http:/www.iium.edu.my/

13 ump http://www.ump.edu.my/en

14 unimas http://www.unimas.my/index.phpg

N uthm http://www.uthm.edu.my/v2/

16 utem http://www.utem.edu.my/web2

17 usim http://www.usim.edu.my/en/indeSgphp
18 uitm http:/www.uitm.edu.my/ ;1O plip/en/
19 ums http://www.ums.edu.py U
20 unimap http://www.unimap.e //

As illustrated earlier in Table 5.3, 15 barr®s 2 (lgprriers ®pe) dﬁ}be identified using A-

a Qv
Checker. WABS metric assigned a \MI f theé arrier types based on the

elisi@of the dataset found to contain
s $ &
all the types of barriers, W olhersl \some, ﬁépt for websites that were barrier

evere types of barriers which were

free. The researcher % renToN, P ﬁ\e\)s
g L) ey
identified by WAB@ seargherTe ove@mers to simulate fixing them since she is

en. lils of Tai%e 5.3, the top five highly ranked barriers are

not authorized t
&
R[] ALGMOE] B res;k!tively. Once these barriers were removed from

(A e \

n dataset (A), the accessibility score for each website was measured again

severity and they were ranked dWpoly. Sqme

each w,

using la (3.3). Table 5.13 and Figure 5.8 show the accessibility score of websites

before and after removing highly ranked barriers. As can be noticed from Table 5.13
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some websites scored zero before fixing severe barriers. Thus, these websites will not be

useful for the comparison since they have no barriers to be fixed. Besides, some websites

did not exhibit any change in accessibility score after removing the top @re
barriers like website 16 (Utem). This means that these websites did not cor 1@ of the
rom |

five severe barriers before and thus once these barriers were removed i he dataset

they did not get affected and the score remained the same. V
TABLE 5.13: The Difference between Web Accessibilit oz fon20 Public
Universities in Malaysia before and after Fixing . ln'er
mnk University Name Web Accessibility score
before fixing top severe
barriers

1 upnm 77.28 397
2 unisza 32.8 ]
3 umk 30.64 ¥ 3 v N
4 uum 24.16 2:3
S ukm 22.48 13 b
6 upsi 22:2 f'\\‘
7 um 19.64 o y |\
8 upm 13.44 E PN
9 umt 11.84 6.4‘{\
10 utm 10.6 4] 095"
11 usm 10g9 &
12 iium SZ .;E
13 ump N).16
14 unimas 2 ’| A 0.8
15 uthm -,V 0.8
16 utem -8 ) 0.8
17 usim 0.44 A 0
18 uitm 0N LY 0

Vi 0

0

19 S ' )
20 S:;map v o i ’2 Fl (.-“:’
v.) §J
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FIGURE 5.8: Web Accessibility Score Differences for 20 Public Universities in
Malaysia before and after Fixing Top Severe Barriers
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Among 500 websites of dataset (A), 28 websiif oped z @rier free. So,
they were excluded from the comparison an(ﬁ\

303 NS
ebéytes etel@e whether there was a

A paired t-test was run on a sample of d

statistically significant (Mean) differMeZI acce@ility level before and after
re

fixing severe barriers. Since tl%z the s

v.}tziimby formula (3.3) the lower the

ccessibility level. The difference

significant (t = 84@ : 0;?5 a)@fter removing the top high five barriers a
better accessibil % was ob 'IICJ(WI 8, SE=5.36) as opposed to before removing
barriers ( —\75 SE=135); a statisfrcally significant accessibility level increase of
52.0644yC CL 64.1475 to 39.9813) score. High score means lower accessibility and

drop o e from 64.1475 to 39.9813 means the accessibility level has significantly

improved.
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This comparison shows how fixing top severe barriers identified by WABS metric has a

big influence on accessibility level. Since Web developers aim for a continuous,

pragmatic improvement over versions (Hassell, 2013) as a start they can IKQ e the

accessibility level by fixing barriers type: (1.1.1), (1.4.4), (1.3.1), (1.4. Si 2 )
im

Moreover, avoiding these barriers in the future will have a Illﬂj% ‘9 ct on the

‘?’

of four experi 's ch\}RH ate

llSllCS)\ plxe test the

accessibility level.

5.6 CHAPTER SUMMARY

The current chapter presents the analysis and actual resul

research hypotheses that test metric quality. Inferentia

experiments' hypotheses. The first experiment %z teé‘ \ohypot . The first

hypothesis is [H1]: Barriers that violate pno@ ‘A” a e S than those that
violate other priority levels. Meanwhile, 1 SCCOMW: ~K[H?_]: Barriers that

violate the same priority level have l Wex@ht. are%& of the first experiment

confirm that barriers weight doe d &rlouty level and the total

'
frequency of a barrier in the%t has g larg ?ff ct™n its weight. Spearman rank

v1dcllce\‘ a ive relationship between barrier

g
15) 90 l) . Thus, hypothesis [H1] and [H2] are

correlation coefficient sl

frequency and weight lh

rejected. The sec ﬁ%r imenf coyip eﬁlels ranking against tools to validate the

third hypothesjs Nnc is [H3]: Barri lsc’ogrght significantly changes when different tools
are utilized! Xresulls of this expemmnt shows that at the (p-value =.096) level of

signific rere exists enough evidence to conclude that there was no statistically
sig ; A

sionifica ¥ difference in barriers' weights when different tools were utilized y2 (df=1,
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N=9) = 2.778, accordingly [H3] is rejected. The third experiment compares barriers
ranking over time in order to test the fifth hypothesis which is [H4]: Bame jeht

significantly changes over time. The Wilcoxon signed-rank test showed 1 arrlels

N~€/

weight did not elicit a statistically significant change between 2014 and
p = .820), thus [H4] is rejected. The fourth experiment compares ba ?rankmo when
samples are collected from Malaysian websites and from v websites. This
experiment aims to check the final hypothesis whic 51 arri rs' weight
significantly changes when data are collected from diffagent samplfs. Mpnn W@'ey 8]
analysis results were insignificant U=126, (Z = -.075, p 40) anj ;ﬂere?e between
groups was small (= -.01), so [H5] is rejected, Sin alL\ 1 othe are rejected,

WABS metric proofed to meet the requirem@ch a vah d r@ble metric should

have. The results of first experiment were er exp \N,?d Q@Zed by paired samples
& TS

t-test to compare the degree of acce551 velumprgethe %r dataset (A) before and

after removing the highest five se rrighs 1dgnlified WABS metric. At the (t =

--Q.

|
8.467, p~0.001 <0.05 =a) lev%gmﬂc cfeegs enough evidence to conclude

that there was a statlsucall&\ﬁcanl impipvem f accessibility level after removing

N
the highest five severe tm '.l G)D
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