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ABSTflACT

Wilb all 01 IIlc cnllanccmcnts  in sotiwam methodology iInd
test itl~,, lbe.rc is no gmrantcc  tll:It soiiwarc can be dcl ivcrd
Sllcll 111:11 no llscl” Cl’l’OI’s OCCLII’, 1 low to Ilan(llc.  Ihcsc  Crrol”s

WIICI) IIwy occLIr has bc.com  a nmjor  research topic wit I]i n
l~tIII~:III-C(JII~IJLIlCI  itl[cractirm ( 1 1 0 ) .  U s e r s  of IIlc
Mu]limissioll  Spncccrat”l  Ana lys i s  SLIbsysIem (h4SAS)  [It
Ibc .lct l’rqmlsion  1,nbrm(ory (11’1 .), a systcm 01 X  (id
Mot if g,rqdliul  LIscr  i ntct’faces for andy~ing spacccrdf(
(li\til,  c(mplaincd  about tbc ]ack of inlormalion  abollt tlIc.
error cnusc :111(1  have sup,gcstcd that rcmvcry actions bc
imludcd in Ihc sys(c.111  c.rror mcssngcs. ]ixislinp, rcscarcl I in
tbc am (d’ 11(:1 (Icsign in rclali(m 10 error messages W:I$
usc(l 10 (Icvclop  a slan(iard  f o r  (Icsigning mcswg,cs. ‘1’llis
syslcIII cx(c.tds liIc crm mc.ssag,cs 10 inclu(lc mom  dclaiicci

:IIKI  imlincnl  inf(mnalion, timtforc Cmllatlcinp, lISC.I’
s;ltisf:lclion, ‘1’iIc systc.m  W:IS cvalLIatcd  (br(mgb u s a b i l i t y

Su rveys  iln(l \vas Silowl) to  bc Sllcccssilli.
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iNTRO[)UCTION

Wily is it ti]at in tiIc agc of ‘use.r fricn{iiy’, ‘easy to u$c’
c(IIIlpLIlcIs tha t  mislakcs stili o c c u r  13]’!  As COINPLIIC1’S
bcromc a Iwgcr  part 01 everyday lilt, Ii)c ilan(llillg, of crt (ws
also bc.c(mcs  more imporlant. User errors lnay lead 10 a
I(NS  (d’ productivity, :IIl(i thus systems should bc (Icsignd
SLICII  llm( IIIC LISCI cat~not mnkc scri(ms  mistakes. llowcvct,
(kSi~,llC1’S  Sholll(i ]MW’i(iC  ll)CN)il)~flli  lI)CSS:IF,CS Sbollid (hCy

occur, Syslcms Iilcrcforc should contnin simpic,
cotl][lrcllcllsil’c tllccb:inisms Ibr hanciling, tbc.sc crmrs.
1 lrlor chcckin:, tIn(i han(iling, components nmy occupy tbc
Ilmj(wity of a j>tog,i:lll]l]lirlg, dlorl, hut ill Ilms[ syslcll~s :Ilc
Ici’( :IS a low priority. 11 CrIOI- handling is dcsigtlcd  pII)pcIly,

il C:II1 ]nakc tlIc systcm appealing for tbc. user. 1 low to
(Iesig,n crr(w Imndiin:,  inlo a  systcm ilas bccomc a  IIuIjor
rcscarri]  lopic in tiIc licl(l (d’ 1111111:111-coIIIl>II[cI  intcmction
(Icsigm.

‘1’IIc.  hlultimisskm Spm.crtIl[  Amlysis  Subsyslcm
(MSAS) at IIIC. .lct l’mpulsion  1,aboralory i s  n SCI of
soi’(ware including pmcc(lurcs, mo(lcls  dnd utilities timt
I)rovi(ic a common s p a c e c r a f t environment. MSAS
dcvciopmct~t  cmsists  d’ tbrcc kvms. dIC l~wjtlccrjw
Aimlysis  (OI lk~wnlink), IIIC Uplink :Ind tlIc IMtabasc.  ‘1’i]c
1 IIlginccring  Analysis aIca is rcsponsibic  for i>rovi(ling  tools
foi analyling,  spmecrafl (l[it:\ scmt down to cartb an(i is tim
pl:ltlbrm for Illis rcsczlrcil. An AImIIMly  ]{ CIIOI’[ (Al{) that
exists  (In the. sys[cm rcgarciin.g crr(w lncss:tg,cs lcci to tilis
Icsc:lrcb  topic. ‘1’hc u s e r  wwtc: “...rcquirc more
descriptive ertor ]ncssngcs tll:in h4SAS provides ,  lull
cxpltlnation of tlm error cnusc, and suggested recovery
actions bc pmvidc(l to w(wks( ation operators; IIICSC  I’en(ures
:IIC not adcqmtcly provi(lcci. ” ‘1’his  research cxntnir]cs  a
systeln for (lcsi~, ning more (ic(ailcd  error mcssa~,cs into an
itltcrl’dcc w’itllou[  overloading  tbc end user, iIctlcc lc.a(iing to
(’lllml)cc(i Lltl(lc]st:tll(iit}g, prodLlct  ivily an(i overall
satist’aclion.  ‘1’im types 01’ Incssages will bc dcscribc(l aiong,
witil a mctilo(iology  Ior buil(iing  mcssa~,cs usill~. t h i s
systcm.  ‘Ilc  resuits 0{” tile usability survey sll(lwing  the
s~stcllls success wili dlso bc a(l(lIcssc(i,

MSAS DESiGN

‘1’IIC. bwir  I’(WII1  of (iiita witi]in h4SAS is cnlic(i a St[ItC
‘1’:Iblc  l:ilc. 1 kb Sl:Ilc ‘1’ahlc. l;ilc c(msisls  of muitipk S t a t e
‘1’: II)Ic. Rccor(is.  An irdivi(luat  Sttltc ‘1’abic  Recor(i  i s  :1



,

.

lc]>tc:sctltiltic~tl  of’ n single dala V:IIU2 1(M a g,ivcw cbanncl id
lr(ml tlm spacccraf’1 al a spxificd inst:ltm  of’ lime. ‘J’llis
dala may bc IVcdictcd, Monitor (data ftom t i l e  gmlnd
:Illtc.llllac nc[work), <) Ll:llity Qwmtity and [k)ntinuity

((]mlily :In(i  complctcrvxs  o f ’ tlm dala rcceivcd),  o!
‘1’ckmct  Iy (dowml i nk Irolll  tbc spacccrdl).  ‘1’llis value is
rcfcrml  10 as the Record ‘Ijfpc wit Iii!] a Stale ‘1 ‘ktblc }{ecotd.
‘1’wo types 0{ d:ita vnlucs cxis[ wi[bin n Stale ‘1’able Record,
tllc. lMa NLIInbCI  (1 )N) an(l IIng, incering Units (IiU).  ‘1’hcsc
dala v:llues lnay trigger time levels of’ alarms, red (critical),
yellow (\vilrminS,)  01 locnlly defined. ‘1’k tilnc rclutcd to
this dntd value may bc rqmsc.nkxl i n  up to f o u r
correspond in.g t imc f(wmats, 1 Iarlh Rc.ccivcd ‘1’imc (1 ;1{’1’),
Spacccraf’( l;vcnt ‘1’il~m (S[;1 l’1’), Spacecraft  [Y(Jck  (S(~l K)
dnd Record Clcalion ‘1’imc (1<~.’l’). ‘1’hcse  types ilrc
cxpl:iincr.1  bcrr due 10 tbcir rc(crcncc in many of tbc c.r’mr
mcss;l~,cs.

MLlltiplc tools exist within the llngitmaing, Amlysis
stIl)coI]]l)OI]ct~t” 01 h4SAS for  analy~.in~,  tk downlink (Iato

:111(1 stol in:, it into St:ltc ‘ 1 ’ a b l e .  Iiilcs I’or subscquctit
pmccssillg,, ‘1’hc Stale ‘1’:lble, lklitor, s[e(lilor, application
plays a ln:ijo! mlc. witbit~ h4SAS as  t he  main viewer ;Ind
editor for tlmsc f i l e s  after thcit crmtion. ‘Ilm s/di/ot

provides a tabular displ:ly  of’ the Stale ‘1’able Records within
(IK file. 1 kcb row in tlm table rqm.scnts  a Sttltc ‘ 1 ’ a b l e
]< CCOI’(t  :Illd tllC. CW]Llll)l)S I’CP1’CSCII( MC])  of tk (h 1)01 (iollS

of” tl)c record. lior viewing convenience tbc colulnt~s of tbc
dispt ny cnn bc Iocld i n t o  \’icw, sbiftcd, or hidden
coIIIplc. tf:ly. ‘J’IIc rccwrds  m a y  :Ilso bc. fillerd b y  \mti(ms
dal:l values in otdcr to l i m i t  tlm numbct” o f  displayd
records 10 bc viewed for analysis. ‘1 ‘he c.dilor :)1s0 :Illows
for ptinling lInr(l copies of” the display,

1 (i~urc. 1: S’1’lklitor SclccIl lhIInp

‘1’bc  second :Ipplicatirm  incorporntd  into tbc stLdy i s
lim Slntc ‘1’able (ktnprc,  s/coJ/I/wm,  tool. ‘Illis  too] ~tllows
101 colnlulrisons bclwccm t w o  Stale ‘1’:lble  1 ‘ilc.s, oflcn
c(mlpm’ing!  the prcdiclcd  10 the [lCtLltll wrlucs. ‘1’llc  two f’llcs
arc displnyc.d io tobul[lr format in the mair] window using  a
spxificd tirllc aIKl d:ita t ype . Options allow tl]c uscl to
Cusf(llnim  (11~ firm :11]{1  Va]llc  IOICI’[II)CC.S to IX lJSC(t fol CilCll

Cl IaIIIICl  [Ilat  w i l l  b e  LIsed in lIIC compotison.  Aficr t h e
coll~patison  is cxc.cu[ed, tbc discrepancies rn:ty bc viewed in
:LII A,S~l I fotrlmttd  report, St:ltistics of’ llIc nulllbcr’ of’
(Iiscrcparwies  found  for c:tch cl):inncl arc also available,
‘1 k sfco)rywrc  appl ical ion wi l l  bc a very prmllitmnt
illmlysis tool to dctmrninc. if tlvc spacccrill’t is pcrlorming m
Ijlcdictcd.

MSAS uses Applic:ltion l’I()~,IaIIIIImr  lntcrraccs (Al’])
1’01  comlnon Iitw:lry code. ‘1’wo prmnimn( A1’ls used
tbrougbout h4SAS m the St:m ‘1’ab]c  and MSAS ‘1’im
A1’ls, ‘1’lic State ‘1’ab]c A}’] pto\’ides [he intcrfl!cc  funcliom
f’(N creatinp, nml lcdinp St:itc ‘1’able  1  (ilcs. ‘1’llc  h4SAS
‘1’ilnc Al’] defines [he titnc. r outincs used to valid[tte and
coIIJp;iIc titllc stl ings a s w e l l  [1s (I”:lllslatc  bctwccm tbc.
V:II ious till]c f’(mt)als. 1< 0(11 t hc s(rditor aml  .Vtcottllmtc

dpplic:lt ions arc. based on tllc ,StaIc “1’able IJilc thol includes
[Ill 10UI time. types and tlmd’ore  both of tl~csc Al]ls fip,ute
ptotnitlcntly  in tl)cir design, l)LIc to cncq>suln[ior]  bclwccn
the callinr, :Ipplicnt ion and Iitmry rou t ine . ,  CKI1 AIII
}Jt{,vidcs  a Ioulinc 10] acccssin,g tbc slmcific tcxl f’or’ a n y
ctrot  tbnt occurs. I ‘or this reasot),  tbc pt oposed syslcm will
lake into accwnt  tlIc role of prop:lg,ating tllcse messages  up
10 tl]c c:llling applicatiorls.

HUMAN-COMPUTER INTERACTION

‘1’lKA~M  Spccinl  lntcrcst (it(Jlll~o l~(:c)t~~l~lltcr-lIl  llll;lr~
Intcraclion (’ur[iculum l)c\doplmml  G1’ollp  d e f i n e s

1 ]llll)2i11-[’011) ]lLltCl”  lt)tcracti(m :1s

“tllc(liscillli tlccollccrt~c(l with tllc dcsig,n, c\alu2tion,
and itll[~lctllctlt:lliotl of’ inlcractivc.  computinp,  systems
Ii)t butnan  uw atd witl) tbe stLldy of tmjot pbcrlomcna
sL1l’I’OLll)[li llgll)clll.’” [3]



I  lLIIiI:tII-(’cJil]l)Litc.I  ln{crnction  (1 10) is  conccl ncd ImMe
witl) tbc tccbnical dc.sign of interacting will) tlIc macl)inc
ilsclf ratl Icr 111;11  jLlst tim inte.rfacc. l)ix ct al. define lltttmm
Omq)tltcr intcrtlclion ns s imp ly , “tllc Slll(ly of’ p e o p l e ,

mnputed tccbnology”  and the  ways  t h e s e  influcmc ewh
otlw.’” [3] IIcn Sllnci(lcwnnn  stntcs tbal 11{3 r e p l a c e s
alp,lllmn(s abmll “user friendly systems” \vitll a mole
scic.ntific  alq>t(mb.  As a ftlirly new field, }1~1 colnbincs
the cxpcrilnctltal  mctlmis  and intellectual framework  (~i’
cognilivc p s y c h o l o g y  w i t h  the p(mvcrfLll  tools l“mm
compltm scicncc. 11 5]. As a true scicntitlc ficl(l, I)umat]-
conqmtc.1 intmctirm  inc(wporatm ergonomics, lingLlistics,
and s o c i a l  scicncc a s  WCII  a s  compiler  sciemc  an(l
psychology.” ‘1’hc JIJan(lboQJ__  .Qf }1111)1:111-[:ollll)lltcl

~nleracli(~n  st;ltcs llIat 1 1 [ ~ 1  COII Ibinc.s hmlwwc oric.nld

rmxIrclI in tl)c atcas  of 0<’1’  scrmns and inpu( (lc\~iccs an(l
inf(mnalion  prcscntntion  suctl as pr(mssin:,  an(l cog,nilion
oncl user interlace design 14].

lntcl him d e s i g n  itnprovemcnts  bavc led to rc(luccd
Ic:lrning  tilnc.s, Imte.r pcrf(mnancc.  on task, Iowct rates of
crr(ws, and highct subjective user snlisfaction according to
Shnc.i(lcl mn I I S]. hflmagymcnt  is adopting user inlcrf:lces
as a wily to incrcasc  pr(xl Llctivity, rcducc f:itiguc. :mcl Crr(wst
an(l to mmblc users to bc Ilwrc crcalivc in solving problcllls.
SLIcll a ficl(l is nccdc.d m tbc usc of computms  today i s
widcslmnd :In(l no l o n g e r  Iimitcd to indivi(lwlls  w i t h
compu[cr  knowledfw an(l cxpcricnce. “User interlaces must
bc us:lblc by the colnmunily  at large and mLlst serve the
lISCI ‘s needs.” [6]

ERROR HANDLING

Designing for Errors

IIcsigning  l’(w lnaximum u s a b i l i t y  i s  tllc p,(ml 01”
inleructivc syslc.lns design. User-( kntercd lksign i s
c(mccrnr(l  w i t h  tllc inlcrac(ion 0 1  the s y s t e m  as zl
c(wpcmlive  endeavor: tllc task is not to ltn(l fault ;Ind to
nsscss  bl;(lm, but ralkr to g,et tbc t a s k  (Ionc 17]. lJscl-s
pcrcx. -ivc IIK colllpLltct as merely tin aid in :lcc(~llll~lisl]itlg,
tlwir o\vn job and r e s e n t  mcssng,cs thnt suggest  Illc
c(mlpmr is in chwgc. ];IIOI-  ll)CSS:l~,C.S  1’CSLllt fl”olll tk f:l(’t
tll:it the user 1]:1s done. sonwtllin. g such that the syslctn
cnnnot  Icspond.  IIotl) the computer and tbc user take the
re.slmnsihilily 10 repair the (liffic Lllty in tllisLlllclcrsl:ll}(litlp,
cad] otlm as qqmc(l to assif:ning,  blamr.. l(cwis :tn(l
Norllmn  refer to this npproacll as “let’s ‘1’alti About It. ”
‘1’hcy  twlicvc that much c a n  hr. (Ionc. to minitni{c tllc
inci(lcncc and mnximizc t h e  d i s c o v e r y  o f  crrm wl]ilc
llmking  it cmicr for the user to recover f’tot]] tllc ertot 17].
‘1’IIc  Llscr-ccntc.rcd \,ic\\, ctnplmsims  tllc met’s i n t en t ions
:in(l :Ictions,  thus cognitive, bclmvi oral, :tnd soci:(l issurs
co]nc inlo play.

A  LI\cI’-cet](cI  c(l/LiseI -sLIl)l](JIl  appr(mct] nmst  c(]nsicicr
tile in(lividunlity  and v:lri:lbi]ity  of usm, p,rowtll an(l
tlall sition of’ LISCI”S skills, nn(l tllc lnultitasking,
illll]t(J\’is:lliorl:ll, a n d  ertot-lmnc nalurc of inteulction  16].
llscrs  nrc b i a s e d  towmls  tl)c path 0 1  “least cof:nitive
rcsistancc, ” ‘1’his i s  tlm preferemc  l’(w mcntnl ddta-
})[ (wessing s[tategies  to Icad se.qucnccs  o f  s i m p l e
(q)crdtioms, fitlinp, the trek, and optin]i7in~ h transfer of
l)lcviotls Icsults and minimizing the need for new
itll’otlll:ltioll.” (lSCIS make lISC 0 1 “cstablisbc(l  tnental
sul Icma” f(wmul:ltcd 110111  previous encounters of a similar
Iwoblejn [6]. l)csigning for crtors II) CaIIS l)rovidins  uscr-
Iccovcly  o p t i o n s  to IIcll) tllc user (Ical witl] tllc clkcts of
C1l’ors  and fcc(lback so that tllc LISC’I’S can detect  errors
illllncdi:ltcly :m(l clearly and understand tllccrror  made.

}luIImn error is an esscnti:~l t(q)ic for c o g n i t i v e
cn~inectinp,  if it is to impact pmfornmncc. l;rrot  is the
IUSUI(  of limited rationality -- people. doing. rcawmable
IIlings ~i\cn tbc.ir knowledge. lhm :Infilysis consists of
II:lcing tlw ploblenl  sol\ing, pmccss to idcntit’y tbc p o i n t
wl]ctc rationality breaks down 14]. ‘1’l)c tc.rm “human mm”
ilnl~lics rcspotisihility  :Lnd bl:lmc lt)cusin~  cbanp,cs 011 10C:II,
inci(ient-specific responses. i n  Llscr-ccnterc(l dcsi~n the
1’(KLIS  is on l:lclors th;lt produce  the bcllnviors underlying
(Iiszlstcr, e.lllptmsi?ing (lclIl:ltlcl/l”csolll”cc tllismatches.
llLIInan  pwticipntion  can prevent crmr l>lollel]oitltsclLlcto”
flCxillility,  :l(l:ll>t:ltJility  :lll(l``ll)tC]l igC1lCe'' () ft[lC1lLllll2lll  14].
Automation makes significmt illJlll’()\’elllcllts, t)Llt post-
coll(liti(ms  must be satisfic(l  for tlm potential to IN acllicved
:tn(l Lln(lcsilahlc consc(l LIcnccs 10 bc. avoided (M mitig,atc (l.

Runtitllc. suplmrt i s  neccsswy  [is it is unwnlistic  to
pIcsL]tnc tlmt ail potential problems  [m identifiable before
lI)c intetfacc  i s  cotnplctcd. ‘1’hc syste.nl tnust  l~rovidc.
i’~lcilitics  tll:ltctliltJlc tl)c Llsettoclc .:11 witl]and mnn:ig,e  crmrs
a$ they [(rise 16].  Systctns should bc dcsignc(l so that Llsc.rs
cannot make serious mum.  llan error occLIrs,  tllc system
shoul(l (Ictecl  i t  and olkr s imp le . , coll)])lcllcl)sit)lc

lnccb:tnislns for handling it. ‘1’hc advnntagc  of inereasc(l
lmxlLlclivity i n  direct tll:lt]il>Lll:ltioll intclf:iccs nwy bc 10s(
(ILIC to user errors.

‘1’lK general model  of e.tiol-ll:lll(llitlg  i n c l u d e s  tllrcc
steps -- detection, (Iiap,nosis, an(l c(wrcction,  A  Llscr lnust
1’11s( de.tcct tlmt a mistnkc 11:1s been Illadc before tl~ey can
coltccl  il. Oflcn  :1 Llscr knowstllal :Illlist;lkell:isl>cct]  nmde
imnwdintcly alkr or during the aclion itself, but in some
si tuat ions cx(crn:ll triggming  SLICII  :1s on-scrccn  nmssagcs
]niiy bc rcq Lliled for detection. l)iagnostic  steps may also
t)c used for stopping, prxsiblc mis[;lkes bet’(m tl]cy occur
ttll(m~ll warnings SKI) m “N:lt~lc: lllc:l(lycxists.  Rcl>lacc’!”
\vlIcn s:t\’ing  a f i le or “I:ilc tm n o t  t)ccn snwxl. ])0 yOLl

re;illy wish to exit?”. l)iagnmis  inclLldcs getting to know
tl}c nature 01 the mist:lkc  and the action(s) that lcd to it.
Kllowi]]gtl  lc.Il:ltLllc(Jft  tlclllisl:lkcc:tll twlrit:tliy ilnporlant



t’(w c]lnnccs  (d’ success in correction. ‘1’hc Callscs of the
mot nrc absc.t  It i n many pmgran) message.s. ‘1’be. third stq),

cormdion,” inclu(lcs p,oal selling, sclc.clion (d’ a correcli(m
mc(l)od,  p]anninp, lIK execution mclbo(l,  and lIK physical
cxcculioll  of the corrcc(ivc  actions [5]. ‘1’hc prcscnlation  of’
error mc.ssa~m  can assist the user in cad) of Ihcsc awas.

Classifications of Errors

1  icdb:lck  I)my bc clnssifie(l  inlo tbtec t y p e s :
informative mc.ssngcs, warnings and errors. in h4SAS,  C:ICII

i s  ill)l)lclncnted usinfi tbc stnn(latd M o t i f ”  mcss:igc  dialo~

\vin(lo\vs, 1 nt’(mmt  ivc mcss:igc.s are usecl to ]msent gencm]

inl(wmali(m  to tlvc user. ‘1’hcy  may bc LKed to display II)c
CLIl”l’Cllt  Sl;ltus of tbc mnning p r o c e s s  or to S l a t e .  that (l

process is complete. 11) tbc S t a t e  ‘1’ahlc [’(mlpw’c

app l ica t ion  of’ h4,SAS, inlmnativc  messages arc USC(1  (()
c(mvc.y IIm oulcomc  of a comparison SUCI)  as tllc. follow’inp:

W;iI ninxs  are. usc.(1 to tell the u s e r  wlmn
il]:i])l~rol>li:ltc  Im or is ab(mt to take pl:wc. Wmings in the
syslcn~ prolccl t h e  u s e r  frolll  inadvcrte.nt dcstwcti\w
opcrati(ms,  yel allow the user to relnnin  in contlol”  01 tbc
application. (icmml  warnings arc olkn  used 10 inf’(ml~
u s e r s  tl)nt sclcclcd aclions  cannot bc pcrf’(mncd  such as
wlmn tllc user selects tbc “l)rint” action when no (1:11:1  I12s
bm.n l(xldc’(1

W:lrnin~ls  am a l s o  USC(1 to alcrl tllc usct’s tb:lt dci’aull
scl(inr,s  \vill bc usc.(1,  11]11s providing, thcm \vitl] tllc clmncc
to tnodit’y tllcir selection before continuing.

W:trnin\~,s  arc okn USC(1 to prevent a Ltser from pcrl(wlttil]g,
an aclion tlmt Inay cause serious  damngc or lltllec(~\~c.t/it~lc.
loss 01 (I:lt:l. Warnings allow tbc user to cb(msc  bctvwcn
i.gtmrin~:  lbc. wwrning,  nnd cmtinuing,  or Imdinp,  tbc wart~inp,

:Ind canceling lhc. operation, ‘1’bis  type of warning is Llsed
10 prevent corruption (d’ previously snvcd data wbcn a
fllen:tlnc.  tllal already exisls is selcctcd for a Save opclati(m.

‘1’IIc  las( class 0{ I’cc(ltmck h:in(llex actual crt(ws. lkmr
nwss:(gcs  provide. f’ccdback  to tbc use.] wlmn a n  i n v a l i d
nclion 1)2s tnkcn place or wlIcn i l legal  data va lues  a r c
ctllct’c(l, 1 irror  messa~es :irc. nccollpnicd by a si ng,lc bccl)
a\ is stan(iml with tbc Motif error dialog,, ‘1’bcse.  mcswlgcs
:Ilu dcsig, ncd to be.tp the LISCl lllK]c.l’s IHIK[ \vlmt is inkmlcd by

(IK2 s y s t e m  i n  o r d e r  t o  f i x  tk problcv]) s o  that Ibc
opl]l ication mny con(inuc. ] ;11’01”  lIICSS:l~,CS SboLl]d  SllJl]X)l’t

I ccovcry  at telnpts nnd provide t k i nf(wmat  ion rcgmling
Ilm  pr(IpcI corl-ccli\c  dction  tlmt is needed. ‘1’() avoid excess

crl  ors, tbc conltols”  mny  bc tctnporari I y disabled to allow

tllc  llscr to :Icknowlc(lfle.  and ]Cspond  to t h e  Crrol. Wllcn
illcg,nl  data value.s arc entered by tbc. user, a mc.ssa~,c
cont:lininp tbc possible values that atc acccptc(l by the
syslcm can g,rmtly incm:lsc tlic user’s ability to undctstan(l
:1[1({  Icmedy tllc ellol”,

A description of tbc rccovcty steps that can bc t:ikcn to
ICTII)Cdy  [In erI  o r  sil Llation arc also cxticnlcly imlmrlmt,
Cs})ccially to ncw users,

(Iscr  errors  lead to loss 01 productivity and thus message.s
should  tell the user specifically what tllc error  is and what
tnipl)t fix it, usinp clcnr action v e r b s  tll:kt clnpbasim the
llscr’s  control” of tbc plo:,ranl [ I].

Presentation of Error Messages

I’hc prcscntali(m of tllc llmssng,c can bc as ittlp(vlant to
ils content. ‘Ihc Iorn)al  and tone of llwssa:,cs  alc often
oftensive,  especially for bc.ginners, Ica(ling, tlmln to belie.vc.
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llmt tlIc.y pcrsomlly  have pcrf’ormcd  some scri(ms  oi’ltinsc
[Inc. 10 ttlc’il’ owl) ilmm])clcmc  17].

A systcm wns (Ic.sig,ncd  to address (be. concctns of tlw
lISC.I’S  101 m o r e (Icscriptivc  l))cssag,cs t h a t  imlwlc.s 211
c.xpl:tnntion  of IIIC error cause, as WCJ1 as st]g~cs(ed rccovcty
actions. ‘Ihc f(mnal of’ messages a(lop[c(t for usc within  this
systc.m is:

l’mgtam m Window  Name: 1 kror Message
Rcmoll 101”1  ilmr 01’ }Iow to Rc(’ovcl

‘1’lmrc arc thrc.c componcnk (0 this system {or developing
usc.lLIl  lncssap,cs:  traceability, lotIc, and specificity. ltach
component and ils imlmlance  is (Iescribcd  in (I1v rcm:lin(lcr
0{ this scdion.

ll~lomation  pmvidcd to users sbmld  be suf’ficicnt to
allow tllcm to fin(l the problcm,  IIOWCVC.  I most ofkm this is
not tlm c:isc. ‘1’his  oflcrl occurs  wbc.n  m u l t i p l e  task arc
rLlnnitlp  :tt onrc. 1 kr(m  ofkm (lo nol e v e n  s a y  which
plof,l”am Clmul)lclcd  tbc C1’lol  so tbc lISCI’  does 1)01 hove

a n y  trarc a b i l i t y  t o  the  rou t ine  in  wbicll tllc. problrm
occurred, how to rccovct, or bow to avoid tbc (lif’ficully in
(k flJ(lll C. 1  ‘or  this  IIMson, tllc fol’lllill slu(lic(l by t h i s
sys(c,nl always states the name of tbc prop,ralll  or calling,
litmry  r(mtinc in which tbc crtot  occurred, ‘1’his is
especially im}mrlan( wi(bin  M S A S  WIKIC mulliplc
app l i ca t ions  ln:iy bc running silllllltfll~collsly, h(m’c.vc.I it
Ilmy I)c Lll)l)cccss:lly in other syslcms whet’e. only onc
npplicali(m is involvc(l.

M e s s a g e s  sboul(l  offer com(rLlctive  gLli(lancc ill a
jx)si(ivc tone. {k)l)s(luctivc.  IImssagcs al-c of’(cn diff icul t  to
il[)ply  silwc il is difficult to (Ictct mine tk user’s intentions,
but tllc. USCI  m:iy bc it~formcd  of tbc nllcrnativc.  s so tlla( bc
can (Iccidc. ~lnfricm(lly  messages iuclLldc illlpcmtivc
Cmlmmmls, hostile messages, obscutc lllCSS:lg,C.S illl(l
Colllmmls, :1s W e l l  a s  mcssa~c% Illat arc 1 0 0 ”  gc’ncl”d 19].

ltnpcralive tI)cssap,c.s SLICl  I a s “1 (ntcr  data Now” or “Wait,
Systm 1)11s}/” flLIStl’:ltC.  [lIl(i COld’llSC tk llSC1’. A  “kldy”

type of mc.ssar,c is preferable to one tbot  commands  the

uscl. ‘1’l)c intc.nt  01 a user-ccntcrcd systcm is for the LISCI 10
f e e l  tl)at  tlmy are i n  c o n t r o l ,  not  tbc c(mlputct. }Imtilc

IIIcss:Igcs incl Ldc tbosc w i t h  \v(Jrds such as ll.l,ll[i Al.,
l;l<l<O1<, lNVAI,II) or IIAI).  ‘l’lie LISC. of t he  tcr(n “cI((N”
itself assip,ns blatm  to the usc.r.  Using “computcrcsc”  sucl)
:)S “ll[)l;  ill line. 14701’” :11)(1  “lll)pl’(lpC.l’ly  llCStCd loopS””

hcig,tllcll the.  fears  01 tbc usc.1 19]. Mcssapcs  tlmt :Lrc
dcsip, nd (() in f(wln  ttlc LISCI should inftwm  timm. h4css:lg,cs
Sllc’b ;Is “\w’onp, [I:lttl” and “111< 1<01{ 47” arc too gymclal [9].
M:lnyitllcrnct  cmwsf  all il~({)tllisc:lte.goly.  lht(wssucb  a\
“4(Pl ll()tf()Llllci'  ':ltl(l ``4()  31:[)lllici(lcllklcccssc lctlic(l'': ttc`t( )()
~,cncral an(i lit]itll(Jrlll:lti\Tc. ‘1’hc  mcssap,c “Cknnccti(Jll
lrfllscd by host” is a bctlcr, 10ss rude version of tlm 403

l;(~l~)i(lclcrlc]ic)l  12].  “1’lwusm  must consult tllc uscrl]mnual
to llll(lC1’Stilll(l  tllCSC. ~CllC1’~11 Cl”loIS.

So]ne cxalnples  of unfriendly mcssapcs  and bow tllcy
WCJC. improved helps to make tllcsc C(m’cpts  clear.
[l:lnp,ing  tbc message ‘I; I{ROR 453 - Nllh4111il{S  Al{l;
IIJ .} K;AI,’  to ‘MON’J’}IS Al{]; IiN’J’}iR);l)  III’ N /AMI i ’
Ill ovi(lcs ii l e s s  tllrcalcning al)(l l))O1”C  Llll(lcls[:l  ll(l:lt)lc.
Il}cssap,c. ‘1’llis nc.w mcss:[gc  puts tllc user in cl)argc while
cxlllaining wbal tllc problcm is nn(l liow to make it rig,llt.
Auttmtitari:in l]ms:lgcs like ‘1 inter nc.xt coInIImn(l”  can bc

cl I: Ingcd t o  ‘ R e a d y  f o r  nc.xt commaI)(l”  to nmkc  it lnorc

i’t icndly and less  ofkusivc. A uscl-cc.ntc.md design would
usc mcssapcs  like ‘Wh:It do you need’ ill p]acc of ‘}1ow can
1 h e l p  y(m’  wllicb cl)q)ll:lsiycs llm compu(c.t’s  c(mtlol.  l’lIc

II Mssagc.  ‘Syntax 1 imw’ can be mplacc(l  with IImIC specif ic

Illrssnp,cs such as ‘Llnmlcbcd ri~,llt p a r e n t h e s i s ’ ,

(’onst ruct  i ve Incssngcs  and posit ivc  rcir)forccmcnt produce

I’:lstct’  Icaming :Ind ir~crc.asc uset }) Clf’ollllill)C’C  [ t+ I.

[l~llsttuctivc Iucssagcs ptwvidc  tllc user w i t h
notific:ltion t ha t  de t ec t i on  o f  illl  Crrol lilts occut’t’c(l in
:d(liti(m to tlm  s t e p s  10 bc taken  to mtwdy the  s i t u a t i o n .

Specif ic information lCliltil)g 10 tllC l)lopCl  fOllll~t O f
IL’(] UCS(Cd d:lt  :1 21)(] WhCl C (hC ]N’obkll) :II”OSC SiloLlld  bC

itlclu(lcd in tbc m e s s a g e s . Specificity of tbc provi(lc(l
nl(’ss:lg,cs is  achicvcd b y ilnproving tllc clat i t y  an(l
consistency o{ tbc plltasing used, Vat iablc t]amcs and
Plop,l’[1111 Col)Stl(lC(S  tlltlt fll’C Lll)klloWl) to tile LISCI SI101II( I  bC

avoidc(l,  ]Mailc(l lllcssa~cs rontairling  itlfolllliltioll” abmll
tlw spc.cil’ic c.m~r an[l \vlmrc it OccLIt ted povidc. tl)c nwst
spccil’icity. ‘Ike Illcssngcs should also include
sup,gcsti(ms as to Ilow to t’clllc.(ly  ttlC silLlilli Oil.

llll[>l”ovCIllC.ills llil\)C bC.Cll  1)1:1(IC to 156 lUC.SS:lgCS within

the ,s(fdilor and s(cf))npf{tr applications an(l library r(mtincs
usin:,  lhc abo\’c syslc.In and Il:ivc bc.cn subjcckxl to user
c\tllwlti(Jn. ‘1’IK follo\ving” examples slmul(l provi(k some
fill tllel’ Llt]clclsl:ll](lit)p,  of the. Systclll.

‘1’IIC I’ccol(l  tyllC of tllC d:lttl i s  il rtxlLlircd fiCl(l. 111
I)lcvious vclsions  of stc(litor,  the mcssapc

Ill \w/id Rcn)td 7)yM  i)] )<nt .5

}4,[Is g,ivcll  if it wa$ missing. l’hc ncw CJJ(N ]ncssagc is

S71klitot:  YIIII ttccd 10 .vlwci{j  (I Rcm)td lyj)c jilt M)H’ 5.

‘1’llis lncssng,c provide.s ]]mre. specific inf(mmtion  /lt)OLl(  the

need for the data, while also spccif’yin:,  \vllicll row was in
ct r(w. A similar cl IaIIgc occumd \vitl) tlIc  II)CSS:I:C

ltll~llid I)N 7YIMJ  in tent 5.

‘1’llis cmM message was clmngcd  10
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,%7’/<(/;(()/’: Y[)14 111//,$/ S])ccijj  ii]<’ I)lv 7:ypc ,J2)l’ ro\P .5,

11.vc NON1iji)I s]wc(jjiitg 110 I)N ~wlli(~.

‘1’IIC llcw nlcssng,c :1(1(1s tk [ll[C.lllilli\’C.  solution to (he 11S(’1

describing lIow to specify tbnt  no IJN value bc USC(I.

‘1’llc.  tnsk of improving error mcssa~~,cs W’tls
c(mlp(m(lc(l by t h e  usc o f  Applicali(m l’rop,rmmt
Intcrl[wc lilmry  fLllWions. ‘Ihcsc. errors  are. pmvi(lcd fl (JIn
tlw l i b r a r y  :II)LI ImISI be. incwrporatc(l  into tile cnllin~

:Ipplication. ‘1’lm previous \ersi(Jtl of s(e(litor  prop: ig:ilc(l
tllc Illcss:lp.c

II! \wli[J  M.ws 7 IIIIC s(rit]g

to tbc application. ‘1’lm improve.(1 em or mcss:lg,c froln tlIc.
M S A S  ‘1’it))c. Al’] is

,Y71211il{)t:  ltt wtlid M.v{ts7  itttc  .vltiljg jbttltal,

~’otrc~f~c)rtt)(~f  i,! YYYY-)X)Yf hll:tw}t:.r.v. l)l}tll)i.

‘1’IIc  cnlling, application is no\v rcfmmcd alon~ with
l])(wc inf’orlnalion  about the cwrrccl format th:it is cxpcclcd.
‘1’llis system answc.rs tbc. complaints  o{ t h e  users by
lm)vi(ling  more. infoltnation :Ibout the. cnuse 01 tllc cm or in
addition to information for {Ixinp, tlm problcln. As n
~,cm[ic  fornmt,  Il)is syslctII can bc e:lsily a(laplc(l 10 ohm]

[ .  . . :

nl;s~~g~ ht “-

1,1 ojec(s.  ‘1’hc con(cnt  of llIc messages it] :tny systeln can bc
illqmved  tllr(mg,ll  tllc addition of :1 line containing mwc
dclailed rc:Iwn :Ind rccovcril)g il)i’ol’ll):l(iotl.”

EVALUATION

‘1’wo i’ortns of evdlmtion were used to dctmninc tlm
cxtcn( of improvcmc.nt made on tbc mcss:I:,cs devclqml
using, this SySICIII wi(l)in h4SAS,  nnalysis ofcrror  lo~:s :IIKI
slllJjccti\~ctls:\l~ility sulvcys.

Analysis of Error Logs

M(milwi  ng p:lt terms of e.mm committc(l by uscls may
lIcllI io furthct system (Icsig, n. I;requct)l  errors IIIny  in(licak
cl I: Ing,es  nccdc(l to llIc systc.111  or may su~,g,cst nmlif]cations
of” tllc Cl’rot  mcssag,cs tl)cmwlv(’s,  chdng,cs  lo (Ilc Collllll:lfld
I:ltlp,u:lgc,  ()] tlm ncc(l for ilnprovc(l  training proccdutcs [8].
‘1’hc cv:(ludtion  01 this systcm included tlw illcoll>ol:lti(ll]”  of
{III crm log. livcIy time om  of tlm two applications being
i! IIpIovcd w:I\ exccukd, an el ml log  sllo\vinp  tlm  u s e r ’ s

II;lInc nn(l  ewh ctror nmsap,c witl) t h e  t i m e  al whicl) i t
OCCLIIIUI  \vas dc.livcrcd tlIroLIgll cmoil. A total oi’ 5 I c1 m
lops containing a tolnl (d”2 I mcssag,cs I’ro]n  tlK systmn  were
OI]:Ily Yc(l fmm I 0 diff’crcnt users. ‘1’:ll)lc  I  Slmws
Illrssilgcs :IIKI  tllc Illlmbcl’ of occllrl”(’nccs  01” each

I Occurw’llccs I
1——...-.--.-.1 -

SrlKk)IIlparC: [k)mpwe complclc  with -a> (Iiscre]mncics I 6 19.75

11’1 klitor:  1 n\Jal id rcc(mi type 7 8.64

‘Srl’1 1(1 it or: <n> tcc(ml(s) were not loadrd dur. 10 crr(ms “ “-”
_— ..— — ..—. .—

7 8,04

RLIn st\illidatc  on tl)c t’ilc to create an AS(UI file {’01 flxiny  tlm CIWIs

S’1’1  Nitw: Llnab]c to rw((slalc  t:ll~le file:
-.

5 (),17

In\alid  \crsi(m of’ stale t:lb]c file

S’1’1 iditor:  You must select n row to dclclc 5 ().17

S’J’(lMnpar~3: ‘J’here are no rcc(nds contailliny, you] sclcctcc~lit]lc/cl:it:i 4’ (1 ,c)~

CII(msc (Iiflmmt types flo]n  the option menu utl(lcr tbc. Scwi(m  Sc(tings panel

S’1’[hmparc.: ‘1’krc  arc no rccor(ls  cont:linin~ you! sclc’ctul (I:ttdtimc 4 4,94

(~lmosr diflcrcnt types from the opli(m InCmLI  undcl lbc Scssi(m  Sctlinps pnncl

I S’1’1 idit(w: YOU  must specify k I)N V: IILIC.  for row <n> -

or usc I)N ‘]’YPC  NON}i “ - -  “-”-”-”---”-””1”7----””1  ‘m----

(IICSC



. . .

—. -— ———-—
;J’ljditot:  lnvnlid Second Value in Msasrl’inw S(ring

Valid values nm bc( wccn ()() ancl 59
-———

S“l’l+klit(w: invalid M-sas’l’ilne string format

(kr’rect format is YYYY-l)oY’J’llll: Illl)):ss.11111111)

F1’1  idit;;:  You ]nust sdut-a mw nbov~ which  a ncw  row \vi i] k ad(ld
- . — — — .  .

Srl’lklitor:  lnvnlicl column  to shift yigbt
—.—

~1’lklit(w:  invalid AlaIIn Value
—-—. --- .—

.—
~1’lklit(w:  ASCII I)N Values arc maximum 12 cbarackrs  long

S’1’1 klilor: You  must select n column to shift

S’1’1 kli(or:  You need to scl(;~l a Colulnn  bc.f’orc locking

S’1’1 kli((w: ‘1’here. is no c.ntercd data to print
— .

S’1’1  klilor:  You nod to specify a Record ‘1’ypc  for tow <n>
——-

F1’1 klikw: <n> rccorcls wcm not saved (IuC to errors

S’1’1  ;(lilor: Unable to l(ml file with Zero rcc(nds  –
——. ——

S’1’lidit(w:  invalid I)N ‘1’ypc
-—

~1’1 i(lit;: No records exist for filtcri ng
-.

S’1’(lmlparc  {Mannd Sctlil~I{ow  <n>
.—— —

1 nvalid low tolc.rancc valLlc

1,(w value nlust be a negative iloating point

S’1’lldi(or: l]nable  to c(mvcrt binary to intc~,rr
——-

—.
ii)’1’A1.
——. .— ——. —

2

2

2

2

2

1

I

I

I

I

I

1

1

81

2 .47

2 .47

2 .47

2 .47
—... —

2,47

‘2.47

1.23 ‘“

1.23

I .23

I ,23

1.23
—

1.23

I .23
.

1,23
—- .- .—

1.23

1.2’3

‘1’ab]c I: 1 {rror (kc LIrrcnccs  in lJser 1 km 1 mgs

‘1’llc.  (’rt(w logs indicated that two errors were often
rcpcatc(l (iuri n:, a sinplc rLIn of the npplica  lion, ‘1’bc first (d’
llmc is:

Sll<[lilor: You IIIMSt sclccl cd r’ou’ {0 drlc(c.

‘1’lm duplication 01 this message may in(licatc that tbc
semantics for selecting a row arc unclear to the user an(l
that tbc message may need to bc furlbcr impl-ovcd  to m(nr
explicitly (Icscribc  this ]nctbod,  ‘1’bc.  second message was:

S7>Milot: lillwlid rccotd !Jyx’

‘Ihc values entcrd by tbc. users in(’l  Ldc(l in tbcsc n)essag,cs

sIIOW  ilm( vaI iations of possible values were. at[elnptc(l to
SK wlmt vws acccpld by the application. ‘1’bc system has
brcn furtl]cl itn])rovc(l to allow the users to ty[m only a
lilnilc(l  number  of chamctem  for the record type and ba\Jc

tlm systcn) f i l l  i n  tllc tclmlinins lcltcrs. l:(w instanrc, the
user lwly type only tllc chnrac[cr  “1” and tbc systcm will fill
i n  tlw rcnmininp Icttcrs for  tbc “’1’ele.me.try” rc.c(ml type,

IIaw(l on conlmcnts  l’toln  tbc. users, this will make (Ilc
systrm casiet to usc and fewer typing crro]s  wi II bc
Cncountcrd. ‘JIIc  e r r o r  loss usd d u r i n g  lesting, a l s o

pl ()\i(kd a lncans  of vet- i fy ing tlm  corf  ect I(mnalting of all

mcssap,es.

Analysis of User Surveys

Sul~jcctive. evaluation is an imp(wtant c(]nlp(mcnt  in the
evaluation of’ interface usabi lily. 1 evaluations can bc USC(1 to
nwasute  the. effect of tbc interface on the Llscr tind i(kntify
any specific problclns. ‘1’cn SLlt>jCCtS from tllc actual user
~m}mlati(m were usc(l in this rcscamb. ‘1’hc suk!jccts
c(~msistc-d of the three end uscts ibr tbcse. tools, tllrcc cncl
users of uplink MSAS applications, the two testers f(v the.
pt”ojcct, one ad(iit ional dcvclopcr ancl tbc i ntcrfacc  dcsig,ncr.
‘1’I)csc  users I)avc. an average of 12 years  of expcricncc on a
Colnl)lltel” and ~ Il:ll,c ~[t IC:l$t CollCgC COLIISCWOA  i n

p] og,iammin~.  ‘1’k cnd users of tllcsc applications ha(l over
100” tIouI’s  of expct’icncc  with h4SAS Wlli]c the users in the
ul)liilti areas of M SAS bad only 20 - 25 hours using various
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M,SAS applic~[t ions, and tmini n:: c.xpcricnm only  011 IIIC

ct~lmncc(i applications.

‘1’llc subjcds  cad)  complckxl  Ihc survey in my ot’1’icc.
‘1’lm suI\wy bcg,an by running tl)c two :Ipplicdtiol)s  tlItL)LIglI  a

sccmrio lht cxpo.se(] lbcl))  t o  ci~:l)l (Ii flkrcjll II)css2}ys ( 5
Cl’l’or Illc’ssapc.s, I  inl’ormat ional  mcssdgc.  and 2  w:uni ng
mcss:lycv-+) rqwcscnting tl)c ei~luinccmcnts  10 tbc systcm. A
Coml)lclc list of’ tllc cnbnncc.d messages wns :IIS(J available
for tlmir  rc{crcncc. Iiacl) of’ the sul>.iccls complctcd  a p(M(-
sessioll questionnaire t h a t  lncasLlrcd thcit’ at[ribulions
towalll Illc systcm. ‘1’hc su rvey  bad mullip]c. qucslions  I’(M
C(nmmm(s  an(l additional juclglncnt ranks (on [I sca}c. of” I -

6) f(Ir cacb of tlm arcns  of tone, 11 actability and spccilicil y.
‘1’llr  (1[11[1 Irom t h e  (Itlcstiotlll:liles W:IS maly/cd  and
(Icllmllstl’a(c(l (bat tbc users  wcm very  s:ltisficd  with llIc
IIlcss:lp,c sys(cm.

‘1’hc trwul)ility of’ tbc mcssa~cs  acliicvcd ;IN avcropc
SL’OI”C 01” 5 . ( )  al[mp witt] tlm [ll>]lto}lti:ilct]css 0 1  tllc
tcrinitlol(l~,y USC(I. ‘1’llc  tone 01 tbc I))c.ss:lgcs  Scol’c(l  [Ill
:Ivcl”;  lp,c of”  5.4 ;In(l tllc  OVCI”HII Contc’nt scold il S,ti. ‘1’111’
Llscl’s gylvc.  all avci ;Igc Scolc 015.83 101 tk’ IIctpf’lllms  of”
tlm IImsap,cs. Owmll  tllc mcssag,cs were pi\wl :11] a\uagc
Scol’c of 5 . 3 3 . ‘1’lIc USCIS  with tlm least cxpcuicncc  ot~
M S A S  :tn(l no c.xpcricnce. will) IIK  ,s/cdi/(jt  and ,~/coI///mrc

[Ippl  I cat lolls  Wcl”c. bcsitanl (() pivc higtlct tlmn ;tvcr:Ip,c.

scotcs  al’tc.r  Lwnnit)p, only a sn)dl scctmrio,  but  al l  users lI:d
lmsili\c  colllnwnts. ‘1’IK I’(MIMI  project User Accc.ptmcc
‘1’cst Iclmll includcxl the Iollowinp, cotnlncnl rcp,ardiny
,Sf(wlli]mt(’:

“’lI)C  Crrol” and status mcssapcs  a r c  olm)l)~, tllc

I)CSI 01 the M S A S  V 2  ap}m, especially f’ot
Sll~~CS(ill~,  hoW  to f@ 011( of” thC C1’lol StntC.”

l;utthcr ilnprovctncnls  In;iy i n c l u d e  a (111:11  Icvcl
llmsagL’ Sys(cm. ‘1 ‘l[is syskxu  would  provide pcncr:ll
Incssag, cs witl] Il)c option f’or provi(ling,  mote dc.tails. ‘1’llis
w i l l  :Id(ll’css  the Col)ccl’l)s  01 OIIC Llscl’s  SLll”VC.@ tll:lt tllc
Il)cssngcs  :irc Mlcqu:ttc for tbc. cxpcricmc(l u s e r ,  but II]c
novice user may need nwrc infom:ltion.” ‘lhc opctationnl”

\\’OIk:IIOLII)(ls”  for C+IC1) of” tlIc  mcssngcs  nmy  also  bc includc(l
in tllc. help nnd prog,i:lill  cl(lclltllctlt:ltioll with f’ultl)ct” (let/lils.
‘1’lmsc illilm~vcmcnts  wilt cxtcn(i  Ihc syskm into a coli]plctc
lllL%s:lp,c  Sysl(’111.

CONCLUSION

Sitlcc tlw nlotivation  ofthc rcscwch is to improve the
usct s;ltisf’acti(m of’clrorllless:l~cs”  will) tllc. slcclil(ll:itl(l
sIc(Htqx  Itc applic:tti(m  of M.SAi$,  dcvclqmmnt  olil~)pmvc(i
CM(N nmsn~cs  Im b e e n  c(mplctcd.  ‘1’hc.  an;llysis  of’ tl)c

cIIOI logs helped 10 idcnlil’y two II Kss:Igcs tlIal \vcIc LInclcxII

1 (  I  tbc uscls atd tc(lLlircd luttber illllltovc.tllctlt.  lndivi(lual
uwr s:ltisfklion  \\~ls(lclllotlstr:ltcci  tliroug,l) tlm rcsutts of ’tllc

USC]’ Sul”vcys. lhc to tl)c. succcss  01 tl)c initial
illll)lctllctlt:itiot~, this systcn)  is now bcin:, implctncnl(xl  as a
sIaIKlatLl tlir(mgbout  MSAS and is bcin:, c\laluatc(l by otbc.r
dcvc’lopmcnt gloupsal  .tl’1,,
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