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ARTICLE INFO ABSTRACT
mf@ﬁhmﬂq’? poufing and electing In the ta erent ifdex of difficulty bftween
Reeied 3 Map 35090 ol ivellechual disabities anf 21 pupis withod disabilifes. A
Afcepted 2YMarch 2 - ,

assgpsment spftware was otilizdd to collpst data. Pupils wih intell
Keywards: crecuted tasks more comectly 1N Dlgger target even in asks with the same ndex of
Intellestual disabilities Inder of difficulty. The group with intellectual disabilities performed worse in cursor control
difficulty Fitts” law Pointing and even when only those correctly completed tasks were used for comparison. However,
selecting ‘ a similar pattern was observed in the performance of the group without disabilities.
The purpose of this study . 0 Elsevie rights resery
s tof compge  the 1. lhtroducfon
pirforman of | mouse
Computers plky an impportanrole inflearning for stuflents wih imtelctual dlsabilitigs, Past §mdies Jave defponstrathd the

effectiveness of computerized instruction for such students in aspects concerning functional academics leaning, social skills, and
vocational skills (Abbott & Cribh, 2001; Holzberg, 1995; Li, Chen, Lin, & Li, 2003; Ritchie & Blanck, 2003; Wehmeyer, Smith,
Palmer, Davies, & Stock, 2004), With the develepment of inclusive education, more and mere intellectually challenged students
learn with then‘ non-disabled peers in the rf:gular education environment. They are required to use information computer
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ﬁxermses on the e-learning environments and searching information on the Tntemet The educational software or e-learning
=0 oraphical smdies have re at difficglies
Fhallenged stud h more] severe fimitatichs (Dafes &
Sasi, 2(04; We [09), L Tsang, [Yeung, pnd HufChan
nately e thid of th hiev testhd could ouse (qouble

clicking: 31,7%; dragzing: 38.8%) through requiring the participants to use the mouse to execute the double clicking and dragzing
tasks. But almost 90% of those with severe intellectual disabilities could not operate mouse, Meanwhile, researchers found that
persons with 1D (intellectnal disability) could learn how to operate mouse after provided with the training intervention (Li-Tsang,
Chan, Larn, Hui-Chan, & Yeung, 2004; Li-Tsang, Lee, Yeung, Sin, & Lam, 2007), even in young age (Shimizu & McDonough,

6).

Althdugh thefe studfs dernpnstrate§ the effectiveress of and ifdicated the difabled
rticipafs moet, fhev failkd to regort accfracy an[ speed d Nor did hether disabled rred 2 well
their nlrdmb ed peer ang v se. Th hation T are desmm—

from properly developing user mterface. Since these studies did not explore the performance in different settings, it remams
unclear whether the participants can correctly execute the tasks in the settings where the target icons are enlarged or the distance
between the icons is shortened. Besides, past studies did not provide mformation on efficiency, such like trajectory of the cursor

movernent, submovereni, and movemen . Therefore, it is nece o mvestigate the related factors that affect the
sfudents’ performfnce.

Basicplly, sizq of the fons/obkcts on and tife distanfe betwden the i§ons/obgcts are fwo of the fundafnental fhctors
tlat shoidd be cfnsidersfl when Mesignije user fnterfack. Based on thq princigde of h§man cnputer fnteractipn, Fitf' law

illustrated that size of the object and the distance of the object decide the difficulty of task, narned as index of difficulty (ID) (Fitts,
1954). 1D 15 calculated from the size of the target and the distance between the start point and target, 1D could be used to represent
the size and distance of icons design on the user interface. Based on Fitts” law, the movement tire should be the same if the 1D of
the task is the sarne deriving from moverment time (MT) = a + b*ID. But do users with intellecmal disabilities perform differently

m the tas] ifferentdﬂm]i and g1
Besi only mntioned the relftionshif betweep movethent tirg and HI) of the fask. Tt Is interefting to feveal
e relatignship of 1D and accurady given that it cjn provifle usefiy inforrgation fof considgring the size of fthe iconk or mefu bar
d the d on the ol DY 411 il (|11 i

Accuracy and movernent time are outcome indicators for the mouse proficiency only, rather than for the causes of the
differences, Understanding the causes of the performance differences could provide essential information for detecting the
difficulties or characteristics of the cursor movernent. Mackenzis, Kauppinen, and Silfverberg (2001) proposed seven new
parameters as new measurernent indicators, including target reentry (TRE), task axis crossing (TAC), movement direction change

(WMD), qrthozondl direcfon charge (ODED), movdment Wnabilit(MV), fnovernept emror offset IMO). Heates,
ang, Bangdon]and Clrkson (§002) added migped click (MC) nd ratiq of patilength h (PL/A). Hofever,
their studles focuged on the partichants with motof impairfpents oy, In ths studyJaccura e, rate f PL/TA, MU

and MV were used 1o represent the performance of the mouse pomting and selecting for the participants with/withont intellectual
disabilities.

Therefore, this stdy aims to explore the performance of pupils with intellectual disabilities in executing mouse pointing and

selecting tasks with varied ID and to compare performances between intellectnally challenged students and non-intellectually

bupils
[f the




2. Methods

A1, Fartifipants

In tofl, 42 pipils with and without ifellectudl disabifities, fiffh or sigh sradds, werdrecrnitgfl from fix schofls in Tiwan,
The eXpeTiToent Sroup and (he Cotipare STouD welc then set up, cach with am equal number of sthaents for DOIN gender and grace.
The participants with intellectual disabalities should moeet the criteria below: (1) identified as mental retardation (MR) by
educationzal agencies; (2) no sensory or physical impairments; (3) able to follow oral instructions; (4) having computer experience
with mouse;
L3) able eipate I thesiperment foratles
prental foproval wever] one of
1 of then 5th drades agd 9 of fhemn 6t grade
L _drainin cipantsloompridd 6 sef
cornpare group consisted of 21 non-ntellectually disabled students (a total of 6 boys and 15 girls with 11 of them 5th graders and
10 of thern 6th graders; mean age was 10.75 vears old).

2.2, Research design

Two Factors fuxed dgsign (2 K 4) wepe used Jo condjot the
viith mteflectnal qisabilitps and the other group fithout fotellect
Tonerated o dista and I3TMENd two s

task were [Di= 2,115 (5 cm,

1.5 cm X 1.5 cra), [Dz2= 3459 (5 cro, 0.5 cro X 0.5 crn), [D3= 3459 (15 cro, 1.5 crn X 1.5 cm), ID4=4.954 (15 cm, 0.5 crn X 0.5
cm), The accuracy, movement time, rate of PL/TA, N of target reentry (TRE), movernent units (MU) and movement variety (MV)

eTe usej_maseut the performance omﬁjmintm and sglecting (Hwang, Keates, Lanadon & Clagkson, 2004: Keafss of
D

al., 2002 Wackerfie et alf, 2001, Mithal onglds, 1996). The ddfinitiond of thesd pararndrers are Hescribdl below

perimgnt. The petwesr] subject} factor fvas grofp, one fproup
1 disatflities); fhe witln subjeht was ID. Ther§ are fofr 1Ds
uare (OT4Em=.5 cm amTetm X 1.9 e types

2.1, Acfuracy
Accuracy refers to the percentage of correct responses. The correct response was observed when the mouse was clicked with
the cursor in the target area. The bellow pararneters were calculated from the correct task only.

2.2.2. Movernent tirne

Movgrreme——yc (MT\ " as thye m the ! _,giuuiu Of CUrgeTTEcnt o mTE—point wip f klﬂg acyr
efecuted
it

173, Rt Rl

Rate of PL/TA is defined as the actual length of the trajectory of the cursor movernent divides the distance of the task, The

ideal rate of PL/TA is 1 when the trajectory of cursor movernent followed the virtual line of the distance. The higher rate indicates
worse efficiency of the cursor movernent,

2.4, Mifromovefnents
Micrqmovernguts indfate N pf targe] reentrs] (TRE)fmovergfnt unitp (MU), Jroovergnt varigty ( . TRE fepreseqs the
nfmabers Bt cursof reentry the targpt beforg clicking, Movdment vafiabilityf(MV) rpresentq the extgnt o which the pample fursor
points lie in a straight ling along an axis parallel to the task axis, MU occurs at the phase the cursor accelerates and decelemates
(Meng et al., 2007). The more of TRE, MU, and MV represent worse mouse control.

2.3, Apparatus and experimental tagks

s (Ched, Chu, Wu, &
CAT wg execufed on
oot sATIE :H -1

A cotputenizgd assesproent topl (CAT for mouise profciency developgd and u
. ChenfMeng, Hsieh, Chu, & 1§, 2004)ferensefto meadurs the perform
th Pen 30 pro ) GHZ Sea Full | ST
mouse to perform the tests, The subtest of “targeting and clicking” was used. CAT systern displays each single task once, The
target disappears once the left button was activated either correctly or not. CAT systern recorded the responses (time spent and
coordinates of cursor per deci-second) autornatically without feedback, The responses were used to calculate the pararneters
mentioned above,




The tasks required the participants to move the mouse cursor to the target and click the left button when the cursor is in the

Larget. B
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24, Experimnental procedure

The experiment was conducted individually in participants’ school coraputer lab. Each participant was introduced the purpose
of the evaluation and practiced to be familiar with both the procedure and mouse operatmg. Then in formal testing process, the
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The taean of the dependent variable, except accuracy, calculated from the correct response represented the individual’s
performance, Two factors ANOVA with mixed design was used to analyze the data, The simple main effect of the groups and 1D
would be exarnined if the two fact

T teraction was significant. O

herwise, the main effect of grou

ps and [D would be exarnined

sqparately, The cifrent stlfdy used]SPSS 1B.0 to arglyze thg data. The multfple postlhoc LSP tests Were confiucted 1¢ compale the
differency betweeh two Ils if the fimple thain effget or mgin effecfexaminftions rgach a sthtistical §ignificdhce (p .03).
3, Results

The means and standard deviation of the dependent variables for each group and 1Ds are shown in Table 1. The results of
sirnple main effect testing were indicated in Table 2. The results would be described based on the dependent variables,
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four IDs. On the other hand, the performance of the students with intellectnal disahilities varied across the four IDs. The
mteraction between group and task was significant (F = 4.067, p = .009), The results of simple main effect testing show that there
was no significant difference for students without intellectual disabilities (F =903, p =444), but significant difference existed for
students with intellectual disabilities (F = 5.764, p = .002). The result of post hoc LSD tests shows that four conditions

(ID1=TD2 Di—ID4I Dok and IDJ-1D4) sfere diftdrent, THe resultd under gpecific I indicfted thatfexcept IDi(F =3604, p E.113)
the stucdefts withgut intelfectual dsabilitigs perfofued wefe highef (ID2: ¥ = 8.97F, p =.0P5; IDx:F = 6.8§0, p = P13, I0§: F =
1p.554, §=.001).

For students with intellectual disabilities, the accuracy 13 higher when the target icon was presented in the same distance and

bigger size (ID—1Dn,ID:—1Dy) and shorter distance and bigger size (IDi—=1D4) of course. However, when the tasks were the sare
ID (3.439), the target icon presented in longer distance but bigger size had higher accuracy rate. Fartherrnore, when the tasks
presented in same size but different distance, the accuracies were not different (ID1=1Ds,IDz—1D4), The results




Table 1

riable —— 1D ICn - laral
Mcgn S.D. Mean D. Mean 5.9 Mean 5.0 ean
Accuracy 0.938 0.118 0.794 0.351 0.900 0.144 0.788 0330 0.85%
1 2 Toral 0.982 0.045 0.964 0.070 0.088 00355 0.970 0.055 0.976
0.960 0.090 0.881 0.200 0.945 0.115 0.881 0.187 0.91%
MT 1.930 0915 3.148 1.493 3290 1.475 4.418 1.781 3203
1 2 Tatal 0.740 0.205 1.148 0.256 1.1%4 4.318 1.649 0.360 1.183
1 0.893 s B 2217 gy o] Ea0ie) 1.8 P.193
H PL/TA 1.583 0.809 1.941 859 1.522 0.3 1.547 0.3 708
12 Tar§l 1.433 0.288 1.659 394 1.292 4.1 1.361 0.1 451
1.og9 0.616 1797 670 1.404 0.2 1.452 0.2 578
E 0. 0.158 o o 0.216 g e 0.6 0.333
1 2 Toral 0.030 0.055 0.110 0.155 0.054 0.085 0.162 0.165 0.089
0.059 0.120 0.274 0.410 0.133 0.189 0.367 0.4% 0.211
MU 5.525 2043 8.5600 3.037 9.409 3728 11.951 4.593 8.863
1 2 Taral 2408 0.788 37605 0.688 3.718 0.774 5.168 1.149 3764
3.928 2187 6.107 3339 6494 3.898 8477 4.740 6.314
.1 18 9.597 i Pl 3() 785 s S e 190. 3479
1940 T.656 1641 363 27.306 4.44 26.518 07 2320
1 2 Tar§l 18434 8.548 16.30 695 28.759 8493 2hsa 10.1§5 ['2.900
Cfaup Varfable 11D 1g-1Dn IC§-1Da iy gl 1D JiE; iR
aup | racy MT aall | § 0.000 el 35 01.000 a1 01 0.000 il 5 {646 e 0.001 L aluall 4
TRE MU 0.003 0.000 0,007 0.000 0.001 0.000 00320.290 0.300 0.001 0.000
0.002
0.000
Group 2 0.000
MT TRE MU EEEE 0.034 EEEE 0.329 9999 0.002 Ezﬁ 0.159 9999 0.142 0015
= rican alf standarcflievia[ion sqthe pertofnance in fix paramatgrs for twdoraups.

meant it was not distance but the size of target that affected the accuracy for students with intellectual

disabilities.
2. Movgrment tighe

The ipteractich effectfwas sighificant [F = 10.§64, p 4.000). The results of sifpple maln effectftesting fndicateq that stpdents
with intellectnal disabilities and students without mtellectual disabilities performed differently 1 all four types of task (IDi F =

35,350, p = .00; IDx: F = 36,525, p = .000; IDs: F = 40,535, p = .000; 1Da: F = 48,777, p = .000), Both students with intellectual
disabilities (group 1) and student without intellectual disabilities (group 2) performed differently among the four types of task
mdividually (group 1: F = 25,115, p = .000; group 2: F = 104.757, p = .00). For both groups, the result of post hoc LSD tests

ows thye 4 DNE CO 1Dy conditi signifi rently, Is sup is’ law
e partifipants, fith int§llectual Hisabilifes or ndt, spenffrnore tije in capleting the task when |ne targgt was pipsentedjin the
sfuation fvhere the distahoe was]the safpe but fhrget whs in srfaller sife. The Jpupils fith intdllectualjdisabilifies, hoyever,
ecuted biaaudh slowekazg
Variable Group 11 1In IIn 14 Total
Mean S.D. Mean S.D. Mean S.D. Iezan S.D. Igan
CUTAcY . 0118 awaa 'y 0.900 e 0.23 [.855
12Tofl  0.9f2 0.045 0.954 070 0.988 0.0 0.04 h.o76
0.940 0.090 0.881 300 0.945 iRl 0.19 h.o1s
T 1946 0015 3.146 493 329 141 1.79 203
S | P 0.205 SR 3 1.1 e 0.3 183
(s 0.893 2,122 1.454 2217 1.486 2.000 1.380 2.193
R_PLITA 1.813 0.809 1.941 0.359 1.522 0.302 1.547 0.361 1706
1 2 Toral 1.493 0.288 1.659 0.394 1.292 0117 1.361 0.158 1.451
1.649 0.616 1797 0.670 1.404 0.252 1.452 0.2 1.578




3.3. Rate of PL/TA

The ipteractich effectfwas notfignifichnt (F =274, p f .863), [The maafp effect pf grong was significanf(F = 5416, p =025,
e studgnts with intellequal disqbilities perforrngd worsq based ¢u the rfean (grqup 1 =[.706; group 2 § 1.45 D) howevgr, the
differencd is not fuge, The main gffect of so sigrjficant (F = 9468, p = ., The fesult offpost hof LSD tghts shows that

fours conditions are significantly different (TD1—TDs,ID1—1Da,ID2—1Ds,1D2—1Dx), The results of the tests revealed that both groups
moved cursor rore efficiently in the tasks with longer distance; such observation was made even in tasks of the sare ID.

34.Nof TRE

effecths signiffcant (Ff 4.5968p = 0. The fesults f simplefeffect thsting off group ghows thit both groups

rformed differeptly am ng the thsks with variong 1D (gpup 1: §= 9114, p = :30 aroup 2: F 5,678, For stfdents
e

disal rmm—the 1 DO SD icated Fences T
ID1=1Da, ID=1D3,1D1—1D4,IDe—1Ds, and 1Ds-1D4. However, ouly ID1=1D2,IDi—IDy, and 1Ds—I1D4 have significant difference for
students without intellectnal disahilities, Based on the mean of the TRE, both groups performed more overshoots in the tasks with
sarne distance but smaller target (ID1—[De,ID3—IDa). When the tasks were the sarne [D, the students with intellectual disabilities
had more overshoots 1n short distance but smaller target (TDa— 1D3), Furthermore, when the target were big, they had more TRE in

Iqnger dijtance (IP—1D3)] howevdr, the pfrformafee indidated no pignificqnt diffegence wllen the throget were small| (ID—11pa), In
afword, tle smallgr targety resulted in worfe perfofnance.
The 1gsults off simple fnain effect testd of taskkhowed{that exdept ID1|F = 2,699, p = [111), thE other fhree tyils of tagk had

significant difference (ID =2, F =8.146, p= 007, 1D =3, F=9.230, p = .004; ID =4, F= 9441, p = .004).

3.5. MU
MU the de lammansog 1111 O] gt 510711
sirnplg main effect tes§ showe] Fed differentlyamong fhe foud types o
000; afoup 2 F=71.850, p = hoc LYP tests Jhowed fhat excdpt one
nditio it £l com t Rt il bOTH o nced bl

the students with intellectual disabilities generated mnore MU in all Tour types of task (ID1: F=42352, p= 000 IDz F=350.180,
p=.000; IDs: F=46.873, p=.000; IDa: F = 43,042, p = .000) based on the means in Table 1.

3.6, Movement varigty

The interfction effect wagnot sigficant F = 544 p = .640). The foain effect of eoup wad also nof signifigant. Thefroain effect
1D (F § 31464 onificagt, The rfsults off post hof LSD t@sts shoed that fxcept fr one cfndition [ID=—1T}) all

The five condition . Participant pertorred better When distance wag shorter.
4, Discussion

The etk this stpe

orse thin their ers

pils wikbdntslldetal dika

performed more accurately in tasks with longer distance but larger target size. CAI applications that take advantage of
multi-media and GUT designs could have large potential benefits, but will likely be ineffective if not developed according to
appropriate interaction design. Complex media combinations of the software may constrain person with intellectual disabilities to
interact with cornputer. The finding suggests that application developers need to prioritize the size of icons and appropriate 1con

spacmg When despening e mtergee of CRT soltwhre and frleamige progrfrs Tor fern.
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The ratio of cursor trajectory and the distance of the task represent the efficiency of the cursor moving. The results of the ratio
tests deronstrated that pupils with intellectual disabilities performed less efficiently, However, the performance of the two groups

was not of huge d

ifference.

The performance of micromovements showed the similar pattem between the two groups among TRE, MU and MV,
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performance of mouse pomtng and selecting for the participants with intellectual disabilities, The evidence would be clearer if we
focus on comparing the results of the tasks with the same index of difficulty. Furthermors, comparing the results of the 1D tasks
i group | were closer to the results of the TDr tasks 1n group 2 among the accuracy, R_PL/TA, and TRE.
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performance, except accuracy, adopted the data caleulated from only tasks which participants correctly completed. The results
might not entirely reflect what the performance for the participants with miellectnal disabilities is.

Future research should examine the issues mentioned above, First, the future study could recrnit those withoul mouse
proficiency to participate in the training prograrn for mouse operating. The data of the performance should be collected during the

‘gina

e TES

Easurer
past

perforrfance m
ance, flthoug
eriencel

& perfor

Id recrye

sl H
udies

rernaing unclear, Finally, the study could explore the performance of the alternative pointers by TecTiiling participants who use
specific devices alveady, Tt would provide more confident evidence for interface design if the results generated from the different

devices are consistent.
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