Case Study: Dyslexic Typing Errors in Arabic
(MS Word Web App vs. ATBar in their Spell Checker Tool Testing)

By Mashael H. AlKadi

1. Methodology:

1.1.Testing Script Preparation:

1.1.1. Script Formation:
Firstly, the script has been chosen to be a general Arabic text
(common language) written in an opaque writing system.

“Arabic Writing Systems:

1) Transparent Writing System (Diacritized Script): each phoneme is
represented by a letter or a diacritic mark such as vowel letters

2) Opaque Writing System (Non-Diacritized Script)”

Secondly, the script contains 259 words with 100 misspelled words
(colored in Red) for testing.

1.1.2. Writing Pattern of Common Dyslexic Typing Errors in Arabic:
According to studies, dyslexic errors were usually recognized by the
following incorrect spelling mistakes:

i. Swapping letters locations
ii. Mixing similar shaped letters:
{e.g. Similar letters in shape and different in the number of
dots:
1. <s[pronounced Faa ( 1 upper dot],
2. < [pronounced Qaf (2 upper dots] ) }
iii. Incorrect replications letters
iv. Skipping letters from words
v. Difficulty in determining the direction
vi. Sequential months\days remembrance

1.2.Testing Script
Testing the scripts was made by examining the spell checker’s behavior
toward considering words as either correctly or wrongly spelled. In addition,
testing examined the “list of suggestions” which the utility provides as a
correct substitution in order study up to which extent the tool meets the
requirement of a dyslexic user. In depth these categories are described in (
3.1).
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2. Testing Scripts:
This section includes the script used in testing in both cases: the original (correct)
text (2.1) and the incorrectly spelled text 2.2).

2.1. Original Text (Non-Diacritized Script)1 :

LSl ) A1 jue e daai s (Al 8 A pe dy ra) Walinae (U sy dhal (e 30 AR LSl
ol daliadll YW Ges Aagaall Lagill s Gl 5ol 3 3 eUadl) Jaead L5 Caiai Al (LI
oy 8 Al ety delhall o A0Sl O OV alaadl 8 ety (ol lacal sa s LUSH ey ansla 5ol dl)
Loy 58 Jualasill ol olat¥) 13gn Aga sall el 3 Gaadl g 2l Gy Gl e Liagl i 38 dalall cylall
3l el AR agal ()5S 3B Gaddll o 8 oY) JIA e AUSH jue iy ) Sie dege Tl i)

bl i i Jualotl) 2y Sl g il b daua) g daglud) <l shaall f Lgilis

&) dis (e iy lias 8 4wzl sef o e s ol 8 padidl) sl 1A el ek o Sadll (e
CSaall (e Laigy ¢S ala 5 (3lailly il gram JS5 e LnSlunall” el () Sl (e aria ) sali s
Lngill 5 bel Jally b graa (2l gua¥) e oyl Jilaty il s IS5 o 1,80 ST daa 3 el
JPRLTR P RPOOS I S SRRV 1 EN PO S

ALYl Ay giSall ye Glasleall Juay 5 agd Ao Aalladl 3 )8l Luslonall (e (5l Gaa S 23 iy
Oo Gl O AREall s b e e ST Ao juy Juliia g ihie JS3 S e 5500 agi s
Llii aae 8 5 eolSA Lulia 3 Adai g0l ()5 slahy cage "Amal) YA Auali ¢ sl gy Guliadll
" A Eall" Gy el SaY) aal)

Alay) G el o ol 5508 axe g8 ¢ A1 ) 5 jals Chny et N Al A0KEY) W
pae M ALaYL (o Rl el y S ) Gl s Ga dpalall Bel il il graa (g el 13g
LSl La) (e 45 liial) 3 graall il a5 Aaliall o) ) G Sl e 5 i)

! http://www.bokra.net/
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2.2. Misspelled Text (100 mistakes highlighted in Red colour):

LnSiall 3181 jue e daai a5 (Al 3 ALS) ae die g Walline Sl 5y daal (e 5 A LSl
e Laliaall UL a5 Angaaall Al g claslll 50 8 8 eUadl] Janal W 5 Caiias il (L))
Liy 8 4l ac el S AU B JY) aladl) e ol el g g LUSH puany ale 3ol 3l
losall sf olai¥) 1333 Aga sal) ililaadl 8 Cpaall s ) (s Ginall e Ladl e 55 38 calal) VL)
13 yall Al 4l () 555 08 (adiad) of el QA e LUSH jue a5 Sie dage 25 5l 22l L S

LBl Gy Juadoil) 2y €0 5 niad L danal s dadldl @l ghadl) f gl

dan (e gind s (AT 8 4l jel o e (i gl (8 padadl) 2l 2 el ey o) (Sandl (e
Lasiy @S slaiy Slaially by se soa JES e LSl 5235 (o (Sl (e pana )l gali Ja )
Gl graa o sal) o Gapeilly Jialiy clygaa JS5 e 10 80 din 8 seda o oSadl) (e
JPRLTA PP VPR I P - [ [PRCTS  ERP AN RERCENS Py M

S sall je Slasleladl Jaly g agd e ade V) cpaaly Luslioall e G sile o (ae S 202e 5l
Ol o ARadll 5 can e e ST An s Jualadiay e JS a1 a5 51 ) a3 a8 ) ddlaayy
3 sa g colSA (uline 8 AL ) god) (5 shady capad "Rl SV LS ¢ yunll gy Culiadll o
" A il (i jal SaY) asl) Laléss

lal) o Saall o afll) 3,08 aae gd o Sl pmadl A s Chay Caed ) Al A0LESY) W

ale L.sj\ MLI::YD ‘Gaj.ml\ il g ‘5.1\53\ ‘):u_\ﬂ\ Glgra g ddaalall Be) Al b gram =T ‘).wd\ Jagn
Leslially 3L (e 5 lal) & graall a5 Aaliaall ¢ U Y1 G el e < il
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3. Testing Results:

This section illustrates the testing results for both tools ATBar’s spell check (as
in3.3) and the MS Word Web App’s spell check (as in 3.2). In addition, it explains
the results meaning through the colouring code (See Table 1 : Testing Scripts

Colouring Code) classification used in the text format.

3.1. Testing Results Colour Code:

Table 1 : Testing Scripts Colouring Code

Format Meaning

Words recognized as “Names” which are English words
Underlined written in Arabic letters with either ignore option or no
correction word-list supplied

Correctly Recognized as misspelled word and the

Bold Green . . .
required correction was provided
Bold Blue Corrgctly Recogr?lzed as r‘?lsspel_led word but the
required correction wasn’t provided
Bold Red Misspelled words recognized wrongly as correct words
Words with Correctly spelled words recognized by the tool as

Strikethrough wrong words

Word Recognized as a wrong word but with no
correction suggestion list

Yellow Highlighted

3.2. MS Word Testing Result (Text Corrected by MS Word):

B jue e daai A (AR AN ae de gua) Wlline lig deal (e G AWK LualiSal)
UL (a5 Aagaall dagiill g clasll o) B 8 olad¥) Jasal Wiy Cailat Ll (L)) dpuial)
Aol o LUSH JIMA IV alaall b ey Gl il g g LUSI ey casada se) il s daliadll
13343 Aga sal) Cllead) (8 cpall 5 ) G (il e Lagl e g8 38 dialal) GV Bay & 4l s
28 paddll o A eV JIA e AU jue ey b )Sie dage LT g aadll Ja S Jlesstl] i olad¥)

oA i Jualocill 3y 41 g AiAD 5 daaal g Acagleal] ol shadll ol Ll 13 pal) 4K dgal () 5,

i (e et g AT 38 aual e O ) Jin gl (B padiall (ol JIEN uaal) pguday o (Sanall (1
Loy (@IS plai g (ghaililly iy oo gua JiS o LSl 23 0 (Sall (o gulada ) (52l G )
lsan e gad) e Ciadly il clga S5 e RS S s b et o cSadl (e

Al g AN ) o 30 s QIS (e a5l cuiagll g 321 AL
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AS gall e claglolall Juall g agh Ao Adey) Cooally LuSluall (e G 5le 51 Gae S 233 L
CronSY o ARl g con pe (e ST Ameay Judiia g (Aa JS3y pSall ol 53) o) a0 08 L) ddLayly
33c sy colSA Guliaa L Adadi y g ot ()5 slaty cagead "Apall VAN AalS ¢l 13gs Gmbaall

" A el i el oY) aal) Jaldss
Ll O el o il 3 )08 aae ed o A A1 el da U ciay et Al Al ALESY) L

e.\c ‘_A‘\ KALB\‘JQ sgéﬂ‘ M\J ‘#1533\ M\ g_:h‘y....a O ‘:t..jdw\ 3;‘)&3\ C—'L'}*“"’ g..\gj ).u:d\ \.\@.1
LanasSloanally BLLaY) (e A glidal) 4y geaall il ;g dlisall £UGY) ( Sasadll e < jadl)

3.3.ATBar Testing Result (Text Corrected by ATBar Spell Check Utility):

LA jue e daai A (AAN) A ae die ga) Wlline ligy deal (e G AWK Ludisal)
UL ey Aagaall dagiil) g clasll) B B 6 eladl) Jaedd Wy Caibat ) (Lusll) dsaial)
el o LUK JINA J5Y) alall) 8 e ol i) sa g ALY jusmy pasala Be) il S daliadll
1333 Aga sall lleal) 8 cpally Al (i) e Ll e 68 a8 dialal) ENal) ey & il ae )
8 paddl) o el JIs e LS jue Suaivg ) )Sie dege S8 gl a8l) Lo 8 Jlaill] i slaY)

Lebla i Judadll) 2y 43S 5 ASiad b daal 5 dagdad) ) ghadll sf LeliS 1 jal) Al 4l ) S,

i (e g CABAT 8 analsed o )8 Jin gl (B paddll (sl G el jguay o) (Sanal) (e
Lasiy (@S p slatg (BN e pom JS Lo Luhuall” 835 (f ¢Sall (o guada )l sl b )
Slysa e sl o Ciailly dally Spaa JU Glo A5 81 dan b sel of (Saall 0

el 5 S ) e () pse A (pn i 5 ringsll g o)l

S gall e claglelal) Jualil g agh Ao Ao Coailly LuShuall e Gl g1 Graa S 2338 Slia
CronSY o ARl g canpt (o ST Aria gy Judiiay AT JSy Sl 2l 83) ) a0 08 L) ddLaYl
e a5 eelSA Galiaa & Akl ) g ol yglaty cagal Mdnmaall VA" AalS ¢ jul) 13gy Cubiaad] (g

" Al (i el oY) aal) JalEas

Ll o el Ao il 508 ane b (AN jrad) Aa JU caan Ciad 3l Al AILASY) Ll
pac L.sj‘ 2512‘21.3 cgé‘y.ﬂ‘ Sl gngﬁ\ sradl) Al e g Aalad) Be) 8l Cligria L;'.‘:U el 132
LoasSlially LAY (e 4 glidal) 4 geaall ciland ) g ddliadl £UgY) o el e <o padl)
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4. Analysis
In this section, the results illustrated earlier are studied in depth. Firstly, spell
checker works differently according to the punctuation marks (especially in MS
Word). Secondly, (Table 2) in numbers show the difference between MS Word
and ATBar spell checker in dealing with writing mistakes.

Table 2:MS Word Web App vs. ATBar in Spell Checking Accuracy through Statistics

No. Of Words Recognized in each Correction Category
Format
By MS Word By ATBar

Underlined 4 5
Bold Green 66 61
Bold Blue 9 25
Bold Red 20 13

Words with
Striket! I - 19

Thirdly, the table 2 gives the following facts: both tools deals with names
(including English names written in Arabic letters) in the same behavior of
considering them as incorrect words; whereas Word provides some substitution
and ATBar provides the ignore option.

Fourthly, both tools give close numbers of Bold Green words which represent
considering incorrect words as wrongly spelled and providing the required
correction at the same time. Not to forget to mention, although they give close
numbers but each tool has a different set of words in this category in overall.
Also, this number could be higher on the ATBar’s side, if the issue discussed in
detail in 4.1 can be altered. That is, when a preposition is attached to a word, in
some cases it’s considered as an incorrect word while in true it’s not.

Fifthly, in the Bold Blue category, the ATBar gives a higher number than the MS
Word does in the number of recognized words as incorrect spelling but without
the required correction. In fact, this is considered a strength point of the tool in
the case of it being able to provide a higher number of detected mistakes along
with the Bold Green category against the other tool. Also, it’s considered as an
advantage if it gives a higher number in the Bold Blue category and a lower
number in the Bold Red category; and both cases are advantages on the ATBar’s
side as (Table 3: Testing Overall Result Outcome) proves.
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Sixthly, the ATBar wins again in having a lower number of the undetected
mistakes of the text by having only 13 incorrect words not classified as wrongly
spelled and by MS Word having 20 undetected mistakes. Lastly, an issue that
ATBar poses is for 19 correct words it has considered them as incorrect words
and provided a list of corrections where as MS Word don’t do (words with
strikethrough).

In focus, the issues mentioned earlier are discussed in depth in the following
part.

4.1._Notes on ATBar Spell Check Service:
1. For correct words it provides substitution as if they were incorrect (it serves

as a thesaurus)

2. For names it provides (ignore) option

3. It doesn’t work automatically for long scripts (on the current ATBar version
[Alpha testing] longer than 248 words)

4. For incorrect words: The ATBar’s spell checker behavior towards incorrect
words attached to prepositions results in providing a correct substitution but
without their prepositions.

5. For correct words: It recognizes words with prepositions attached as
incorrect words and provides a suggested correction (the same word without
preposition).

6. For certain words such as “4a¢ill” in one presence it was wrongly written
“dagill) ¢ by swapping letters’ location and in another appearance it was written
as a mistake “<iagil " through spelling the last letter with similar alphabet in
sound but different in shape. In fact, in the first case the correct substitution
wasn’t provided where in the second one it was.

7. <lse sa presents a case where a short vowel is written as a long vowel (letter)
with an ignore option, where it was supposed to provide a correction for it.

4.2 General Notes on writing misspelling ( ATBar vs. MS Words

Statistics)

So, according to Table 3 ATBar’s spell checker (86%) gives a higher accuracy in
detecting mistakes than MS Word (75%) does. Also, it gives a lower number of
undetected mistakes which provides a higher performance than MS Word do.
But at the same time ATBar considers some correct words as if they were
mistakes while they aren’t. These numbers were calculated through the
equations 1,2, and 3 based on statistics from Table 2.
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Table 3: Testing Overall Result Outcome

Spell No. of Mistakes No of Incorrect Words No of Correct
Ch:cker Recognized unrecognized (skipped) Words
Tool Correctly £ by the Spell checker ¥? Recognized
(Out of 100) (Out of 100) Wrongly 596
ATBar 86 13 19
MS Word
(Web App) 7> 20 i

Eq(1): No. of Mistakes Recognized Correctly
= No. of Bold Green words + No.of Bold Blue words

Eq(2): No. of Incorrect Words skipped by the Spell checker
= No.of Bold Red

Eq(3): No. of Incorrect Words skipped by the Spell checker
= No. of Words with Strikethrough

5. Conclusion

Misspelling some Arabic words either by replacing similar letters (alphabets
with dots) or by switching their places results in creating new correct which the
grammar may not consider as an incorrect word! Thus, grammar must be used to
study the context of the sentence; as it is not just a spell checker. Even though
mistakes were done through simulating a dyslexic user behavior these kind of errors
must be studied in depth to collect accurate facts about the boundaries of such
writing problem (e.g. for to how many columns a dyslexic user switch or replace
letters). That is, gathering such knowledge will help the spell checker to compare
the user’s writing with a calcuated set of dictionary words based on that knowledge.

In conclusion, ATBar fortunately has achieved a higher accuracy in spell
checking results through getting a higher number of detected mistakes and a lower
number of skipped mistakes than MS Word do. Also, not to forget the two issues of
ATBar must to be checked which are: considering correct words as mistakes and
considering correct words attached to prepositions as incorrect words while they
aren’t.
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