
A Framework for Comparing Learning 
Environments 

Chris t ian  Paritcl 

, .C : .S r .  (Hons . ) .  University o f  \ Iani toba,  199; 

A THESIS SUBMITTED IN PA FULFILLMENT 

O F  THE REQUIREMENTS F I3 DECREE OF 

@ C h r i s t i a ~ i  Paritcl 1997 

S I l I O S  FR.4SER C'SIi 'ERSITI'  

Oct o h r  1997 

All rights r t w n w l .  This work rnay not tw 

rrprotluccd in wholc or in part.  by piioto(mpy 

or ot lwr ilitwis, wit hotit tlic ptwnissio~i o f  t hc author. 



National Library 1*1 of Canada 
Bibliotheque nationale 
du Canada 

Acquisitions and Acquisitions et 
Bibliographic Services seeices btbliographiques 

395 Wellington Street, 395, rue Wellington 
Ottawa ON K 1 A ON4 Ottawa ON K1 A ON4 
Canada Canada 

The author has "granted a non- 
exclusive licence allowing the 
National Library of Canada to 
reproduce, loan, Qstribute or sell 
copies of h s  thesis in microform, 
paper or electronic formats. 

The author retains ownership of the 
copyright in t h~s  thesis. Neither the 
thesis nor substantial extracts from it .. - 
may be printed or otherwise 

. 

reproduced without the author' s 
permission. 

Your hlo Volre reference 

Our trfe Norre reference 

L'auteur a accorde une licence non 
exclusive pennettant a la 
Bibliotheque nationale du Canada de 
reproduire, przter, dlstnbuer ou 
vendre des copies de cette thkse sous 
la fonne de microfiche/film, de 
reproduction sur papier ou sur format 
electronique. 

L'auteur conserve la propriete du . 

droit d'auteur qui protege cette these. 
Ni la these ni des extraits substantiels 
de celle-ci ne doivent Stre irnprirnes 
ou autrement reproduits sans son 
autorisation. 



Name: 

Degree: 

APPROVAL 
f+ 

Christian Pantel 

>laster of Science 

Title of thesis: I. A Frarilcwork for Cornparing \\'ct)-Based Learning E~ivi- 

ronliicnts 

Examining Committee: 11. Stella Atki~is,  Chairrnm 

Professor of Computing Scicnw, SFU 
1, 

F. ~ a v i d ~ r a c c h i a ,  Supervisor 

Assistant Professor of Computing Science, SFU 

Philip H. Winne, Supervisor 

Professor of Education, SFU 

-- L 

Lucio Teles, External Examiner 

Co-Director of the LohnLab, SFU 

Date Approved: - - 

. . 
11 



Abstract 



the adoption of a \\tlI>-t)a.scd Iwrni-n3 cr~virorirncrit. \\'c propose n rricthodology that 

t hcsc clccision rriaktrs (*a11 follow when using thc corripnrisori frnrncwork to guide t hcrri 
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The World Wide Web Medium 



1.2.1 History of the Web 



dynamic. langliagc" [108]. .Java allows dcv~lopcrs to program corripoiicrits callctl ap- 
f 

plets that car1 bc clistriI)utc3d ovcr the \\?b. Sinw rriost cxrrcnt l~rowscrs (.an, 

1.2.2 Why the Web? 

TIIV \\-orld \\-id(. \ \ t>b as a lear~iilig rritdiuni has ii riiinilm of aclviintagc>s ancl tlisatl- 

vantagw as c.orrip;ircd t o  othcr Ii*arriirig rrlccli;i. .Althot~gt~'rcc.i~~t ir~tcrcst in \\.ih-l!;lsc~l 

Icarriilig erivirolir~icrits sccrlis to  suggcst that atlvantagc~s siifficicntly olitwcigh tlisi\cl- 
w 

\.arltag(s. i t  is a ~lstlfill twm.isc3 to fariiiliiiriz~ oritw~lf with tho clifftwricw h t . s v c w i  

v a r i o ~ ~ s  rnd ia .  - '  

Advantages 

Ont. significant atlvaritagi~ of thcl \\.cl) is that it c.iliisc.s 11s to csp;ilitl tht. riotiori o f  

a clocunic.nt \)y c~iahlirig rliultirricdia clocrirrielits. \\'ticwas print is l k t c r  i t  tc ls t .  

p1iotogr;iphy h t t c r  at iriiagcs. ra-ltlio 1wttt.r at sor~nd, arid tc~levisiori hct tw a t  videw, 

the \\-cb's ativantagt. is that it wrnhirios all of tl i tw nicdia, rcasoriahly well into a 

single package. Thcrc have \)cell lorig tir.l)atw in ctlucatiorial iitcrat~irch ovcr the1 c4Ti~t 

of tliffiwnt' rnctlia 011 'learning. Although thrrr  tlot3s riot st61ii to tw any sigriificmit 
r, 

ativantagc i r i  usirig c.orril)l~ter-t>asccl rritdia civcr hook-h~sctl media, )layer [70] fourid 



CHAPTER 1 .  ISTR~D~CITIOA\r 
- 

i 2 

that it is at lvari tagw~~s for lcarricrs to ~ i s c  rnulti~ncdia learning rnatcrials. Since people 

s ~ m i  to  learn sorric coritcnt twtter through a cornt~ir~atiori of r~lotlalities and sirice 

thc \\*pi) rriakvs it easy to pri)vi(lc coritiglious rr~liltimcdia objects, the \I't>b affords 

clesigr~irig good rriultirncclia lwrning. 

The \Ikt) also ca~lscs 11s to cspand the not ion of  doc~ir~icnts  ty cnablirig hyprrnicdia 

docurncnts. Hyperrncclia tlocurncnts can bc lirikcd tog(.thcr to forrn a 11011-liricar irifor- 

rriatiori space with rri~iltiple paths \)ct~vwri iridi~idual ( l o c ~ i ~ ~ i c ~ i t s .  The aclvaritagc of 

hypcrrritdia for Iearr~irig ovclr ot hcr r r i r d i a i  such as print is riot yct w ~ l l  c~sta\) l ish(~l  [XI. 

Sonic authors favour hypcrnictlia for ~(11icatio11. lIclIa1111s [72], for csarnplc, s t a tw  

i t rws  lackir~g r>vc1n toj)ic.al orga~~izittiori." 

OI IP  c.lcar atlvaritagv of thc \Vet) ovclr media lilw hooks iihtl CD-ROlIs is tho 

iritc>ractior~ \)c~tn.ccw students and iristr~ictors as w l l  as  class collat)or;itior~ [81]. 



Disadvantages 

r i c ~ . t  ion spord, wiri(1ow siw, aricl a~tiiliit)l~~ foks. Flirt timr~or(x, t tic sorr~(~\vIiat, (liffcw~it 
$ 



CH.4 PTER 1. I.YTROD I.*CTIO.\; 

w Two sigriificarit disadraritages of the?% ch ovrr riori- tcctiriologi(.RI vcliiclcs for leiml- 
a 

irig arc technical and logistical problcnis. Hiltz [52] rriakcs t h ~  point that althollgh t t ic l  , 

specific nature of thcsc problems changes, t h q  arc cvcr prcscrit. Resolving thcsc prot)- 

lcnis corlsurrics valliat)lt. rcsol1rc.w that  might othcrwisc \ )P better uti1izc.d for teaching 

arid Icarning. f 
.4ltho1tgh important disadvantages do exist iri  using t11c \\-PI) for ccllicatiori as coni- 

pared to ot 1ic.r rr~rdia. p rw$~ scc@willing to acc.clpt tlicrn, or at least to igriorc) th tm.  

of prwplc~ o v u  the> a g ~  of 16 in C m a d a  m(I t ti(> LS.4 use> tlic Iritvrrii~t hrld 17% arc or1 - 
the. \5.1f). LIatris .\laps Qliartcrly: Statc of thc Intcrrict. .Jitrili;iry 1997 [67] rtyorts 

that a total of 19-1 countries, rvprcscnting roughly 80% of ;ill colir~trics. liavt' a t  kast  

one intcmct clorriiiin. Sorth-.Irnoric.ar~ govcrnrticrits arc irivcstirig cwr~siclcr;it)lc f u ~ ~ c l s  

1.3 Goals 
4 

$3 

The ~tiain goal of this t t i~~sis  is to dwigri a gc~~oraIimblt> frmicwork for c o ~ ~ i p a r i r ~ g  

corripariso~~ of cor~ipc~tirig products. Furtticrrrioro, tfic fr;inirwork should bt. o!)jwtivo 

cnvironnicrit, iri(~lu(1i11g I ( ~ ~ r ~ i e r s ,  teachers, systcrri a(Irriir-listrators and orgiiriization 

:idrriir~istr;itors. The. (~orr~~);irisori frimicwork rliust ; m o u r ~ t  for thc fact that tlifftkrc~it 
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organizations will have cliffiwnt necc-is and priorities. It is tticreforc irriportant to 

emphasize that t~ased on the cmnparison fra~ricwork, one can not clcc.larc that a par- . 

titular \ \ ~ ~ ~ l ~ - ~ ~ a s e c I  Iearriirig eriviror~rnhit is the t ) c ~ B l a r i k e t  statrrricnts al)orit thv 

merits of cohi.pcting solutions are riot ~iscfiil nor encouraged, and they will not lio 

fo~inti in this work. Tlie most that  car1 he said is that  a given Icarriing c~ivironrncrit 

is likdy the rnost suitable for a partic~ilar organizatiori. 

Si11c.c tlic f r a ~ ~ i ~ w o r k ' s  clorriain is ccllic-atiorial, it is irriportar~t. to liavt il gro~i~~clirig in 

educational rcscarc-h. To hcttcr ur~clcrstaricl how pcopk learn and thc possit)ilit,iw for 

\\7el)-t)asctl I(larriir~g cnvirorirricnts to support I(w-nirig, ~ v c  rcvicv sonit3 of t he rc~lcvar~t 

ccllic*atio~~al theory. The frarr~cnork is i~iforriiocl by coristrwtivis~ri a ~ i d  sociocwlt liriil 

thcorics of ltwning* -4lthough other tlitwries of Icarriing such as tlic inforrriatiori pro- 

cessing rrioclcl arc also val~iablc and co~ild 1)c ~iscd to  infor111 cornpar'isori frarricworks, 

Irltliitivc arid ad-hoc comparisons bct\vccn conipcting products arc3 riot likely to 

Iclacl to  adoptirig the o p t i ~ ~ i a l  \V~~l)-I)asc(l learning cnvironrricrit for a particdar orga~ii; 



their orga~lizations. \\t> propose a rrlcthodology decision rriakcrs t a n  follow nticri 11s- 

ing the corriparisori frarriowork to  guide the111 in sclcctirig the best \\+I)-t)asccl learning 

environrnmt for t,hcir organization. 

Dcvc1op.r~ of \\-ct)-t)astd learriing environrricmts can also benefit from this work. 

\Vith the cscitcrncnt arid the - opportunities that the iVf>t> has created in rcccrit ye3ars, 

niariy vcrdors havo t)ceri rushirig protllicts to rnarkct without having much kriowlcclgc 

of thc research that co~iltl guiclc. and support the111 iri cwatirig hc.ttcr sol~itioris. The> 

rovicw of cd~icational and tiurnan-c*onl~)~itcr iritcractiori rcscarch iricl~idotl htwi11 car1 

hc a good starting poirit. Ealcs and \i'clsh cmphasizc. the importance of ctl~i<.iitio~iiil 

rlcctls at lcast a working ~inclcrstsr~cling of what it rricans to lcarn" [ % I .  ' How (*a11 

orie solve a prohlcr~i cffcctivcly without first niakirig arl effort a t  ~iriderstariding it? By 

1.4 Thesis Organization 



Chapter '2 

+ Educational Theory 

Tlicw is a rich t)ody of v d l ~ c a t i o ~ ~ a l  rcs(m-c*h that c l t ~ A  with what it Inearls to Ivarn 

a 1 0  t c h ~ o l o g  a c i s  to i o t  t i  I a r ~ i i .  Thc: challongv to  t h  

is consic1crat)lt~ controvc1rs in thcb fitbld and that rc:scw-ch(m (lo not yc)t IISV cwr~sistcwt 

tiorla1 thoory to inforrri thc design of a framework for cwrr~paring \i't~t)-\)asul I w r r ~ i ~ ~ g  
CI 

t>~lviroiinionts. Although this is not hy any mwrls a (~)rriplctc rcvicw of' all ~ ~ ( l ~ ~ ( . i i t i o ~ ~ i i l  

who art. not farriiliar with cducatiorial rcscarch. By farr~iliarizirig thcw~sclvcs with thc 



and te~aclicrs) arid cliscm~cr. opportunities t o  ap1)1y tc~~hnology  to  support  cut t i ~ i g  dge '  

Theories 

Iatcr i r i  thcl c.hptc>r an(l will iriforrri tlicl clc>sigri of t11c' frarno\vork for c~orli~)iiri~ig \\.PI)- 
' 

1 
t);isc~l l(liir~ii~ig e~ri\.iror~rrie~rits prcscwtc(l i ~ i  Chapte~r 1. 

. 
2.1.1 Information Processing Model 

rtlf(>r t o  othvr sources i r i  ccluc~itional tlivory Iitcriitlirt> for a mow c~)r r~ple~tc  



Conception of knowledge 
8 

rnincl [12]. .As s11c.h. it is so~rit~ttiirig that car1 ht' transfsrrcci fro111 orlc pt>rsori to 

another. Di' \vtlsta 1.311 t~spla i~is  that "kr~oivlidgt~ consists o f  ropy ing  ~ 1 ~ 1 1 i t ~ i t s  from - 

Conception of learning 

r~~ornorizi~ig, ;inti the> ac.cl1iisitior~'of fi1c.t~. skills imtl rritlthocls [;I. Lc;irrli~~g is 1)t~lit~iwl 

Teacher's role 



I 

2.1.2 Response Strengthening Model 

Conception of knowledge 

Teacher's role 



Conception of knowledge 

Conception of learning 



Teacher's role ' 

st r l c l t > ~ ~ t  Ost rtlct 11ros arltl j)roc.csscs kr~o~vlctlgt~." 

.Js cxl)lair~o(l i l l  1-19!. a -iconstruc.t i\.ist tt\itcl~cr's rolv is qtlitt clifforc>nt fro111 t l ~ i t t  o f  i i  

t(la(.l~(lr i l l  ii t rii(1it io11ii1 iwrni~lg  ( h ~ ~ v i r o ~ ~ ~ ~ ~ r ~ ~ t .  111 ii (.011st r~~c.t.ivist 1tkar1ii1~g (~11viro11111(~1lt 

thv tc>iic.l~c)r r t ~ l i ~ t c ~ i ~ i s l ~ t ~ s  t l ~ t l  rolr> of .sa,qr: t h r ,  . s t c~ ! i r ,  for O I I O  of !iv~tlr, 071 t h ~  . s i t l ( ,  [SG]. 

T m c , l ~ t n  iisslltll(' it rolfl of ~.O;I(.!I or fiic.iliti~tor. guitlir~g It>iir~~t.rs as ol)l)osc~i to 1wi11g 

t h t l  k ( ~ j ) t ~ r s  ii11(1 ( l i h l ) ~ ~ ~ ~ s c ~ r s  of k110\~1(1(Igt~ [19. 86. 10.'3]. 1111(,11 of t t l f b  (*og~~it i \ .c  IiiI)011r 

t hiit is offloatlt~! o r ~ t o  toiic.11c~rs ~ I I  IIlortl t r;i(lit iorial It1iirl1ir~g r~io(lt~ls is rvt 11r11c1cl to tht> 

l ( , i i ~ ~ l ( l r ~  [5O]. This ~ I I ( . I I I ( I ~ > s  t i i ~ k ~  S I I ( . I I  iis st1111111iiri~i11g ii11(1 S ~ I I ~  11wizi11g ;t11(1 lliiiy i i l~o  

ir1c.111tlo goiil svt t i i ~ ~  it11(1 v\ . i i l~~atior~.  C'ol~st r11c.t ivist tcliic.tic>rs itrv oftt111 r~~t)clc'ls of t hc. 

2.1.4 Sociocultural Theories of Learning 



Conception of knowledge 

Conception of learning 

S ~ ~ p p o r t t > r s  o f  t h t b  soc~ioc~ulturiil t tic.oritls curisiclvr l c ~ i i r ~ ~ i n g  t o  lw  ii prowss o f  P I I ~ . I I ~ -  
< .  

t 11riit i o ~ i  [L'l. l 0 4 j .  B r o ~ v ~ i  clt al. [L> 1 j (.all i t  a . .lifo-lo~~g proems r c w ~ l t  ilig fro111 i1c.t i r ~ g  

I i t  i t  o i .  .A-s p('o1)1t. ol)wr\x. ii1i(1 j)iirt ici~)iitf. i l l  ii ( . o ~ ~ ~ r ~ i u ~ i i t > .  of l)rii('tiw t hoy 

want  t o  clrltt)r. they Ivitrri t o  iict 111 ii(.(.r)r(lii~l(.c t o  its rlorIIis. .\cxx)rclir~g t o  this ~ ~ i o c l ~ l ,  

~ ) f ~ ) ~ ) l t )  It3ar1l 1)t'st ~ h t > ~ i  t 1 1 t ~  iirf' ( l i t  h t l r  i ~ l r~ l l c~ r s f~c l  i r l  t h t l  i1c.t 11iiI i i ~ t  ivi t  if's of ii COIII -  

rliuriity o f  l)rii(.ti('tl o r  iitl ii(.(.llriitth s i l i ~ u l a t i o ~ ~  ttiort1of. l I ( ~ i i ~ i i ~ ~ g - t ~ ~ i i k i ~ ~ g  is t h ~  rcs111t 

of ac.ti\.v piirtic.ipiitio11 i n  soc,i;ill~,. c , ~ ~ l t ~ ~ r i i l l ~ . .  historic all^^. iir~cl politic;illy s i t ~ ~ i i t t ~ l  c . o r ~ -  

t ~ x t h  [ l O G ] .  L twxivrs  (.ii11 i ~ i t  c m i d i z v  ii cu l t  11r(> \vit11011t vxplicit  t f l i i ~ . h i ~ ~ g :  t 1 1 ~ ~ -  (lo so 

l~y pi r t i ( , i~ ) i i t  i ~ i g  111 i t  ~ v i t  11 o t l ~ o r s .  



Teacher's role 

s t ruc t i~ i s t  teachers. They scrvc as coaclics arid guidm to Icarricrs for ivhorri they arr 

Values and Practices of Constructivism 



C H A P T E R  2. EDI-C.4TIOS.4L THEOR'I '  

2.2.1 Higher-Order Thinking 



CH.4PTER 2. EDCC4TlOAY4L THEORP' 

Reflective thinking and metacognition 

Reflcctivv thinking arid r~ i t t acog~~i t ion  are ativoc.atcd by coristrl~ctivists. Rcflcctivc) , 

thinking is nianagi~ig and monitoring one's learning arid pcrforIwin;.c [S]. I t  irivoln~s 

114th planning ;ind cvalliation. lIctacognit,ion, on the othcr hand, involves tkco~riing 

awarc of c-og~iitivc. strategies that ontl posscsscs ant1 how they can he a p p l i ~ d  i11 IICW 

situations. l lc t  acog~iit ion is well (lchccl by Di V'wta as: "a Icarncr's awarcncss 
1 

al)out what skills or stratcgiw arc liscfiil or d c ~ t r i ~ l i ( ~ ~ ~ t a l  for m r f o r r ~ i i ~ ~ g ,  1111(1~~~titri(li11g. 

c.o~~iprc~licr~tIir~g. or rcaso~~irig ;it)()iit ptrtic1i1;ir tasks, givcn the Iwrrlcr's knowlcclg~ 

aborit hvr ;iclvant;igt~s or l i ~ ~ i i t a t i o ~ i s  i11 cq)acity, kr~owlctlgc, rl~otivatior~s, or otlitlr 

c~11aractcristic.s" [31]. 

Tlic al~ility to (lval~iatc inforn~ation an(l ontx's ow11 progress, as  wcll ;is tlw al)ility 

to gv~i(~rat(> I I O W  k r i o w l ~ ~ l g ~  and solvc probltw~s c r c ~ i t i ~ ~ l y  h s t d  or1 11i11ltip1t' pcrspvc- 

t i \ w ,  for111 ii po~vorful toolkit of thinki11g skills for t h e  c~oristr~~c-tivist 1c;trrior.  sot^ 

that altliol~gli t110st; skills arc c ~ ~ i p h a s i z d  t)y c-onstr~~c~tivists, ttity arcb also oftcw aclvo- 

catrd by sllpportcrs of other 1110~1cls. SIICII  as thtk infor111iitio11 procwsing yiod(~1. an(I 

sornctiniw rwwisocl in 111ort traclitio~ial Ivar~ii~ig ~ r i v i r o ~ ~ ~ ~ ~ t m t s .  

2.2.2 Ownership of Learning 



As proposcd iri  [l,]. I t w - r i m  should hc givcn the opporturiity to  set thy goals of 

cvall~atiori for t hcir Irwriing. 

Givirig 1c;trncrs owricrsliip of tlicir Icarnirig c p p o w r s  thcrri [20]. This, r c q ~ ~ i r c s  

grcatcr flcsihilit~. from the I(w-riirig cvivirorinw~it ;tnd (xiin contri1)utt. to Icarrii~~g ijc*- 
.. 

tivit ics that ar(> Itlor(' i i t ~ t  1 i ~ 1 l t  ic arid , m ~ a ~ i i ~ i g f ~ i l  to  t tic I ~ i t ~ l f l ~ ~ .  a 

2.2.3 Application 

2.3 Values and Practices of Sociocultural Theories 



participatiori whit-11 arc irriportarit to  proponents of this niodcl. 
?P * 

2.3.1 Authentic Activities 

alit hentic wit 11 rc'spcc.t, to ;HI cwvirorirricr~t , or H (wrri~rii~riity of p r x t  i(x1. If a porsoIi is 

lwrrii~ig how to f ~ ~ r ~ c t i o ~ i  in a tost-t.aki~ig cmviro~irr~u~t,  t l i~r i  drill arid practiw x t i v i t i w  

art. authntic. .  If  t hc~ ~wvirorirricrit corisists of twilig i i t ~ l ~  to  rc~call ari(1 apply kr~o~vl(dgtl 

to 1ir.n. sitr~atioris ;is thty occur in the workplac-c, tho11 drill iili(1 prac-tiw is not ;tri 

al~t,l ic~it ic activity. 1Ia11y r(warc.lit~rs (c1.g. [38, 59, G O ,  lO;i]) advoc.;itr' thv IISV 'of (.as(>- 

t)asccl Ioarnir~g ancl ~ ) r o t ) l c ~ ~ ~ - s o l v i ~ i g  activitit~s to ;ic-liic~vo twttvr loarnirig. 

2.3.2 Complexity 



~ n v i r o r ~ n i c r ~ t  cspc<. t i~ l  i r i  the tcrniinal pcrforrrlaricc" [X]. 

2.3.3 Legitimate Peripheral Participation 

d 

2.4 Progression of the Theories 



.Utho~igh rriost rcscarchcrs a11d prpc;titioncrs ackriowlcdgc that t h t  iriforrt~ation 

proccssirig n~oclcl has 'its place, many rcsearchcrs have arg~tcd that  i t  has srr io~is  

shortco~ri i~~gs.  Brown clt al. have ot)scrvccl that the hchavio~ir of learners in tradi- 

tiorial schools is quite clifforcnt from that of pcoplc outside of schools: "the gcwcr;il 

2.4.1 Conceptual Misunderstanding 



CHAPTER 2. EDI-C.4TIOS.4L THEORE' 
0 

frorri rriariy difftwrit prmpcctivcs. S~ipportcrs of c.onstruc~tivisrn also ii(Ivo~;ttc niai~i- 

tainirig thc corriplcsity arid the irregularity of the rcal world. Thc crriphasis plac*ed 011 

>uthcntic*.~)r;lc.ti<-cs by proponents of the so t - ioc~~l t~i ra l  thcorios of Iclarriir~g also sorccs 

2.4.2 Transfer of Knowledge 

Oric ('ritical chiirxtr>ristic. of cffcctivc Icarnirig is the ability 



riot count on the ~riotivation of Icarntrs: both studcrits ar~ci profcssion;ils hiivrb a strong 
- 

tencleric. to i)roc.rastiriatc. to fritter away time" [IO3]. 



2.5 Techniques that Foster Learning 

In this swtiori wc will twmii r~t~  sorrit. of the iristr~lct iorial aricl I t w r ~ i r ~ g  t cd~r~ ic~uos  that 

arc ~)roposcd I).\.. cducatior~al rrwlarctiors who slipport c.or~strrlc.tivisrri or soc.ioc.liltllriil 

thoorics of I(wmirig. Tt~c.tiniql~t~s sl1c.11 iis drill i i ~ ~ t l  priicticc~ for rtbsporlsv strt~rigttior~- 

i r lb ;  i l r l t l  Iwt l~ririg for kriowlt~clp~ t rii~~sftlr arc> o11t of t tic scbol)c' of this st1c.t ion. Ttlo 

tc~c.hriiql~r~s that ~ v i l l  l)(~'c.or~siclt~rc~cl iirv fitc.ilitiitir~g witti sc;lffol(lir~g i111(1 fiitlir~g [ l  101. 

. 2.5.1' Facilitating with Scaffolding and Fading 

.-* 

'Scaffolding 

tt~ctirii(1ut~ supports Ir~arrit~rs as t ti(ly c~h;ill(~rigt~ thv Iippcr 1)oliricl of whitt \ .~ .gotsk .  [ I  1-41 

c . i i l l t d  thvir % O I I P  of prosi111id clc~vcloprricrit. This is t . 1 1 ~  zorio in \vtiic11 loiirrit~rs ritwl 

t i ~ l p  t o  ~wrforrri a t i i ~ k  slic.c~lssflilly [.XI. 



Fading 

2.5.2 Cognitive Apprenticeship 



2.5 .3  Collaborative Learning 



w.4PTER 2. EDI -C'.ATIO.Y.4 L THEOR).  

s ~ ~ a r i l l g  i ( i ( \ i i~ .  Wfl(>(.t 1 1 1 ~  iilI(I i l~tPI '?i( ' t i l lg 111 IPilr11i11g gr01ll)S. s( 'i~riig('  [%] ( l P f i l ~ ( ~ ~  (.OIIiiI)- 

orati\X1 ~~ i l r l l i l l g  ?lS l)rO(TSS O f  ~r('ati1lg sIIMP(I l~l~~il11~1lg. (;I'()III)S o f  I ( ' i i r l l ( '~~  (lt'VVlO[) il 

s } I : ~ ~ ( Y I  ~ ~ ~ ~ ( l ( ~ r s t i i ~ ~ ( ) i ~ ~ g  tklilt 110 i l l(~i\ ' idll?i~ prt1vio1ls~y ])OSS(>SS(YI i t I I ( I  1IIilt 110 i l l ( ~ ~ v i ( ~ l l i 1 ~  - 

( ~ ) 1 1 1 ( 1  11:1v1~ c .o~~st r r~ct (*cl  a l o ~ t '  [04]. This is iilso kno\vr~ ;is r o l l t ~ c t i v t ~  prohlt.111 s o l v i ~ ~ g .  

II(l\vitt i111(1 Sciirclii~l~iiliii [XI i c l o ~ ~ t i f i c ~ ( l  t w o  for r l~s  of clistril)~~tc>cl c o g n i t i o ~ ~ .  ~ I ( I  

first is clivision of c.og~~iti\.c> I i i l ~o l~ r  i v h ( w  grollps of ~ ) o o p l t ~  (.oIlill)oriitt' l)y split t i ~ ~ g  tI1t1 

t i isk i l l t o  ~ ~ ~ l ) - t i i > k h  tv11ic.h iir(' i l s ~ i g ~ ~ ( > ( l  t o  i ~ ~ ( l i v i ( l ~ ~ i t l  j ) ( ~ ) l ) l ~ .  I t  is ( ~ o ~ ~ ( ~ ( ~ i ~ i l l ) l ( ~  t11;lt 

t} l iS  111ig~lt ('ilIlh(' I (~ i l r l~ (~rS  t 0  hllff('r fr0111 t } l ( >  ~ ~ O 1 1 l ~ ~ ~ l ~ ~ 1 1 l O l l ~ i l ~ ~ ~ i l ~ l O l l  1)iilS. ilS ~ 1 l t ~ O ( ~ l l ~ ' O ( ~  

S ( Y ~  io11 2 .  1 .1 .  T l~o  s t~ .o l~c l  for111 of (list r i l ) ~ ~ t v ( l  cog~lit  i o r ~  is ht1iirc1(l cogr~it ivcl I i i l)o~~r.  

\vI~c~ro g r o ~ ~ l ) u c , f  l ) ~ o l ) l ( ~  \vork 011 t 1 1 ~  sii111~ tilsk togc~t l~c~r .  Howit t  ilr~tl Sciirtlilr~~illii~ 

f ; i \ . o~~r  t 11o l i l t  t o r  ii11(1 iirKl1c' t11ilt i t  is nloro solf-sc.iiffol(li~~g. 

:1(1t1(~r(\11th t o  hO(' i~)( ' l l~t11~ii1 t l~(~OriOs  o f  lOilI'11i11g ~)(-lio\x* tIIiit l (3 i i~1~i1~g  is it sO('ii11 

~~t) ,qoti ; l t ior~ o f  111(\iiliirrg. Si11c.c. i n t ( n c . t i o ~ ~  n.it11 o t t ~ c l r  ~ ) c v ) ~ ) l t ~  fro111 OIIV'S ( ~ ) I I I R I I I I I ~ ~ ~  





T h i s  rhi ipt(>r  h a s  i1itrod11c.d tlic rnost popu la r  I(~iirriirig t h c o r i w  of thr' t w r i t i ( ~ t h  

cmitury. \ Iorc  ilc'tiiils have l ) o t ~ ~ i  p r c s o r ~ t d  i ~ t ) o u t  c.oristrlic.tivisr~~ i m l  soc~ioc~ultlirid 

l ( > i i r ~ ~ i ~ i g  th~Y)rios i1l(~llld111~ tllfllr  ~ i i l l l P ~  ii1l(l j)Kl(TiCW. IIoN' th0y  ii(I(lrf'~~(Y1 ~hO~t( '0111- 

irigs o1)sf~rvsd in rarlitlr  t  hcwrit~s. ii11(1 irist r11c.t i o m l  twhn iq l i c~s  t l ~ i i t  t  hcly ;iclvociitc'. 

H;i\.irig iicquirtltl ii roasor~at ) lc  ~ l r i t l c r~ t i t~ i c l ing  of t  h c ~  t ticoric>s. it will now tw possit)lf> 

t o  cx)r~siclc>r ho\v ~vol l  \\-('l)-l)ii~(btl I ( w r i i r ~ g  cnvirori~rir~ri ts  s ~ i p p o r t  t  t i c ~ r r i .  Fur t  hvrrriorc. 
' 

thr. k ~ ~ o \ v l ( ~ l g o  gaint.tl iri th i s  chii1)tcr pro\.idcs t h  rlcwssnr>. grolir~clirlg t o  ~lr~cIc ' rs tar~(l  

\ { . I I ~  ( , (>r t i i i~ i  (. l~iira(.t(>risti(.s of I(w11i11g o r ~ v i r o ~ i r ~ ~ ( l n t s  111ight t~ t l ( ~ ~ i r i i t ) l ~ ~ .  For f ~ ~ i i 1 1 1 ~ ) l i ~ .  

c.oll;it)or;itiot1 foiitllrcs a r c  oftcll cwrisiclcrt~(1 iin i~ssc>t t o  \\-r~l)-l);isc~tl I t > i ~ r ~ i i ~ i g  cwvirori- 

111~1its  \)lit ,  ivit h o ~ l t  t h i s  ctiwpt('r. \vtl c.or~l(l riot 11 i i~ t '  uncIorstoo(l t h a t  t  hoy arc> clt~siriil)lt~ - 

t ) c ~ . i i ~ l s c ~  t hcly (>11a l )1~  (list ri1)ut ~ ( 1  ( .olliil)o~;tt  iw l w r r ~ i r ~ g .  \Ioroovor. we nou l ( l  riot h i i v ~  

krio\vri why cwlliitmrativt~ Icarr i i~ig is t w l i t ~ v d  t o  F)c offi~c.tivo. Thv t - i d ~ ~ a h l v  k11on.1- 

r~lgtb giii~ir>cl fro111 th i s  c.li;tptcr will t)c 11st~l t o  ir~forrri t hv  cl(1sigri of t h o  frar~irwwrk for 



Chapter 3 

Human-Computer Interaction 

Issues 



for t i  I .  Tlitx ii(l\.-t\rit of prograrrirrii~ig Ia~iguagcs like Suri \Iic-rosystcms' .Ja\.a 

will litllp rtwocly this sitliiitiorl [10]. -4no thc~  difficulty poscci 11.. tlic \\i.b is oric. of - 
navigation. Proviclirig uscrs wit li  a11 c'ffificicll~t h\..pt~rr~lctliii r~iivigat ion systcnl that is 

3.1 User-Centered Design 

I t  is g ~ ~ ~ i t ~ r i i l l ~  i i ( ~ k ~ l o \ ~ l ( ~ ~ i g t ~ ( l  t l ~ a t  t I I ( >  t m t i  7 ~ , s f ~ r - ~ : ~ , ~ ~ t f : 1 . f ~ i l  ( ~ C . S Z ! / T L  \viis c o i r ~ ~ ~ ( I  I).. Sor111ii11 

\t.host' 1986 \wok UYW- C c ~ n t w l  S!/.vtrm D r ~ . ~ i ~ ~ n  [ i 8 ]  c.ontair~s a c.01lcc.t ion of  ~ t b ~ ~ ~ i l ~ i t l  

1)ii1)('r~)11 t f ~ ~  topic. L*st1r-c.critcr(d clcsig11 is a11 itorativc iipproach t o  t i (~\ 'c~lopi~~g 

I i i i r ~ i a r ~ - ( ~ o r r i ~ ) ~ ~ t t ~ r  iritt*rfxt~s :iri(l  or~tirv soft\varc syst~~rris that is (lriv(m 1))- iisors' rirv~ls. 

Tht' throe rriairi t ~ i e t s  of 1lsc~r-c*t~ritc~rc~c1 tlvsign iiw tticl follo\vi~ig: 



users should be cwris~~ltcd and involved in all phascs o f  a procl~ict's lift> cycle; 

a a rril~lticiis(-ipliniiry tcarn should be rcsponsihlc for a product's developrricnt; and 

,there sho~ild tjc a focus ori corripctititmcss. 



Typical return on invcstnicnt for ~iscr-cmtcrccl- 
cl~sign is 20 to  100 tirrlcs thc cost. 

IB l I  found that  87% of all (.;ills to tllcir llcxlp 
tiidis w&11 rclatccl to ~isahility. 

Drsigr~ cha~igcs d ~ i c  to  11saI)ility work i v c w  esti- 
1 1 1 ; i t ~ t l  to Sii\.c In11 $6 800 000 in 1991 iil011(>. 



3.2 L-earner-Centered Design 



focus shift5 to ttic ( I o v ~ l o p ~ ~ i o ~ i t  of i i ~ ~ d ~ r s t a n d i ~ i g ,  p~rfor~~i; ir icc arid cxpwtisc. L~imit'r- 

centered dcsigr~ t l~rrrforc cstcmcls uscr-ccntcrtd clcsig~i hy proposing tht. fo'llowiog foiir 

atltlitionnl principles to ad(1rt.s~ Icarncrs' special ncccls: 

softwaro slio~iltl ticlp Icarncrs ~inclcrsta-tnd what thcy arc. doing: 

Thc kt)y to I ( ~ i i r ~ l ( ~ r - ( . c r ~ t t ~ r ~ ( l  clclsign is sc-affoldirig, iis prcsc~itccl iu S w t ~  11 2.3.1. '9 
Soloway ct ill .  [I001 hiivv proposccl tht. TILT LIoclt~l (Tools, !~ i t c>r f i~ ( .~~ ,  Lwrnr~r 's  riwtls. 



Soloway ct al. [81. 103. 101. 1061 havc put Itwricr-cbnt,cred dcsig~i into priicticc 

to  develop. tcst arltl cvcn corrirricrcializc several software applicatioris that rriakc sig-, 

riificarit use of scaffoldi~ig strategies. Two irriportarit lcssor~s thcy have Icarnttl a h ~ l t  

proviclirig scaffoltlirig in software, aside from bcirig very difficult to accwrtiplish, itrt. 

tho follo\ving. First, scaffolding niust fade as Icarrlcrs tlcvclop more. c~)rlficlcric*c and 

cxpc.rtisr in usirig a proc1uc.t. Sccond. scaffolding is riot all or riothirig. The scaffoldirig 

ritwls to t)c flr~si1)lt~ crio~lgll to t)c proscrlt whcn thc ltm-ritlr warits arid riccds it but to 

tl isiip~)~iir nlicrl t l i ~  Iciirric>r wa11ts to ar t  inc1q)cndcritIy. 

3.3 Navigation 



by provitlirig structure. for othrmvisc poorly struct~irccl sp;iccs. Efficient and n a t ~ i r d  

navigation can r c d ~ ~ c r  the cognitive and pks ica l  hurdcr~s of users thcrchy frocirig 111) 

personal rcsolirc-os that c m  1)c applied to  the task a t  harid. 1111provd riavigatior~ is 

also 1wricfic.ial in that i t  ran rcclucc t hc load on syst ern rcwurccs since f c w r  rtyuc3sts 

r i t ~ c l  to hc.scrvtd w h w  I w r s  f i r i c l  what thcy arc looking for wit11 less intt~rrncdi;ttt~ 

stcps. 

Diirkcn and Sit)or€ [28] have s t ~ ~ c l i t d  ~ m ? y f i ~ d i n ~ l  i l l  1;irgc virt~iiil worl(ls. Thvy 

define ski l ld  wa~-firlclir~g twhavio~ir to 1)c " p ~ ~ r p o s t ~ f i ~ l ,  oricntccl Ir~ov~~rrirwt during 

navigiitior~." Bachioc41i c.t a]. [lo] clistir~g~~ish lwt,wrw~ thc n.;~-fir~clir~g ncr~cltd for 

r~avigatir~g twtwwr~ wt)sitcs ant1 for r ~ a v i g a t i ~ ~ g  within wt~bsitt~s, citlling tht. 1;ittvr 

, s ~ T ~ L ( ~ ~ I L T ~  w(i?yfindiny. They stat(> that in t (~r-wI)s i t (~  navigatior~ sho~ild tw s~ipport t~(l  

by t hcl browsc~r whcwits st rlict 1iral wayfirlding shoultl sli j)j)ortt~l hy t hr. tlcsig~l of 

~ a ( , t ~  RTI) site. \t-~t)-l);isuI ap1)l.j~. t ior~s S I I ( . ~ I  :is Ivi~rr~ir~g ( ~ ~ ~ v i r o n r ~ i v r ~ t s  iir(' a s p w i d  

/ 

s' 
c-asv of wt~t)sitos whosc~ rla\.igntio~t is t>\.(m ~rlorc. so tho rc.sj)or~sil)ility of thcb ;ippli(*iitio~l 



cvillllatc diffcvnt history rnc~chanisrns t h a t  hrowscw c~)ul t l  suppor t .  T h c y  found t hilt 



Sniilowitz's c~spc~rirricwts also irtforrri iis ; i \ )o l~t  Iron. ti  mclt;iI;!lor i's s ~ ~ c ~ c ~ ~ s s f ~ l l l y  c .x -  

rim1 t)!. 1-1 user ir i tr~rfnw. T h c  rcs r~ l t s  show tha t  tho t t f f t ~ t  of thb ~ ~ ~ e b t a p h o r  is npt itt 

all provicioci t!irougf~ t he. gr;iy)hic.s o r  icw~is, f )u t  rat her t t i ro~igh t h c  usvr i ~ l t v r f k v ' s  

t(>rrriinolog.. T h i s  is a s s l i r p r i i ~ ~ g  finding si11c.t soft\varo cltlvclopcm typic-ally t w ( l  t o  

arc. t hiit uscr irlt  t\rfiict> c ics ig~~t>rs  s t ~ o r ~ l t l  c w ~ ~ c c r ~ t  rat r. 0 1 1  u s i r~g  appropr ia te  torr~iinology 



1 

in their user intclfilws arid that they should invc'st r twurws  ir i  c-oriclric~tirig usability 

tcsts to cvalliiitc how ivvl l  t l i r ~  c~lioscn ivorcls ht.11) users uriclt~rstiiritl t h r .  rrictaI)hor. This 

should be done cvm at tho C S ~ P I I S C  of graphical tlrsigr~. 

Rcscarchtm l i a \ ~  clc>t)atrd whcthcr ir~tcgral rr~('tapliors arc s~ipcrior t o  corripos- 

itc (or rriisccl) rrir~ta1)hors. Sortie rcscarc+crs liavc~ sho~vri it prc.f(w11c.c for ~rs i r~g- i t  

siriglfl rnctaphor that proviclcs a ur~ifictl str;ucturc to tht> Iiscr ir~tvrfac-c (it11 iritcgriil 

r~icltaphor). C I Y I ~  at tho t1xpPr1sc of a(iditior1ii1 111i~111itt(,hf>s bt>tn'wr~ t h ~  11lf~tilJ)~lOr 

t hr) t argflt clo~ri;iirl. ( I t  hc'rs aclvocatt1 t lit. 1 1 s ~  of cwrr~positt) rrict itpliors l )wal~sv t h ~ y  

provitic twttc~r c.o\.r>ragc1 of thc target dorrinin arid l)oc.ii~~sc~ tlicy c a ~ ~ s c  t i l t )  usvr to I~itve 



3.5.1 Awareness 





3.5.2 Adoption 

For ii softw;irt. ap~) l i c . a t io~~  to  tw s~ic.c~~ssful. i t  l ~ i u s t  1~ 11s1d. Soft\varc> ~)~~r( - I i i i s i r~g 

clc>c.isions arc1 o f t r $ l i  in  t h t l  11ii11(ls o f  aclr~iiuistriitors who arc1 no t  t 1 1 ~  i n t t ~ ~ i c l t ~ ( l  ILWTS, 

( ~ o ~ ~ s i s t f ~ ~ i t ~ ~ '  ~l])(Iiit(' t11f\ i ~ ~ f o r ~ l l i i t i o ~ ~  i l l  tt1Pir f ~ ~ f Y T r o ~ i i ( ~  ('iiIt'~I(Itir~. t ~ i f ~ 1 1  t h f l  C O I I ~ ] ) U ~ ~ ' S  

t>lvc . t ror~ic .  ~ ~ l w t i ~ l g  sc.htvlliling i i l ) j ) l i c . i i t i o ~ i ' t ) c ~ c . o ~ l ~ t ~ s  ~~~~l~s: i t ) l tb  til~tl ~isc~lc~ss. C'ritird I I ~ . Y . S  

is t ti(. tc l r l l l  I ~ S I I B I I J .  1ist11 t o  dc~sipr~atc~ t h v  ~ ~ ~ i r l i l r l l i l l ~  I)(.r('cllltiigfl of i i ( l o l ) t ~ . ~ ~  rv;lliir( '(~ for 

ii g-oll[)ivar~ iipl~lic.ation t o  l ) c b  sucwssful. .4cloptior1 is critiriil t o  grollpiviirc> h ~ i i ~ l s c  



. \notlir~ factor that affects the succvssfiil adoptiori of groupwm1 is t IIC ratio' of 

atltlitional work to pcrccivccl benefit [39. -151. If  sorric users pcrccivc that tlic tac~lcfits 

tlir>y rw~ivf '  from 1isi1ig a groupwart) application arc riot c.orr~n~crisur;itc with the extra 

tirri;. aricl offort rcquircd iri llsirig t h ~  application. t11c11 they may rcsist usirig it, .  This 

t hm~scIvr~s with t 1 1 ~  social ancl c11lt11ral scttirlg in whic41 software is rlsctl. Thry poirit 



Tahlc 3.3: Usability goals 

E a s  to sct up Engligir~g 

Easy to  Icar11, Csc~fl~l 

" 3.6 User Interface Design Principles 

.As sllmrri;irizotf 111 T;ij)l~ .3.3, cmrnrrlorl ~~si ibi l i ty goals for softi~iirc pro(li1c.t~ ;ire t l~i i t  

ing. and 1lwf111. Ovor t t i ~  years, 11iany r ~ ~ ~ ~ i i & t l [ ~ r s  a11d (wmpanios liavo p ~ ~ t ) I i s h d  wwr 

i~~ tv r fa . ( .  guidvli~iw ((1.g. 5 )  t i  I o f t  I v l o r s  i t  t i  t h 0 1  R ~ r t l l ~ r -  

list of 1lsr.r i~~tt'rfac.tl gl~itlclir~cs tliiit tlovt~lopcn of i\'c1t)-I);iscd I w r ~ ~ i n g  t w ~ i r o r ~ ~ ~ ~ t ' n t s  

sholil(l acllicm~ to. tw will rcvivn. sor~ic cstat)lishrl(l usvr int tdi iw ~)ri~~cipltxs [ I  1,  551. 

TI,(> pri1i(,i1)l(>s to tw r(~vi(w(xl ar(> ite111im1 in Tal)lt~ 3.4.  

3.6.1 Simplicity 

Tht; si111plic.ity pr i~~ciplc  statcs that ~~s;il)ility s l~ot~lt l  not t ) t b  sac.rificwl for f l inc t io~~.  

i, Lsvrs will hnofi t  fro111 a ~ l w r  i11tcdiic.c t l l i i t  111akt's cloing t l l ~  ~ls~li i l  tiisks tliisy m t l  

t t ~ t >  l t w  (.o111111011 t i i ~ k ~  possihlt~. Pro(ll~(.ts sli01ilcl o111y provi(l(x f u ~ ~ c t i ~ ~ l a l i t y  tllilt is 

Il(l(Y~ssary iiS dOt~~r11li11(~(~ l l ~ ~ ~ ~ - ~ ~ O l l t ~ ~ ~ ~ ~ ( ~  task : i ~ i i i l y ~ i ~  or \IS(> 11lodP~i1lg. .~(ldillg 

unllcwssiir fu~icfionality to a proi1uc.t t!y)iciilly clr>tracts fro111 tht, liscr i~~ t r~r f ; iw  h l -  

('iiI1St1 i t  (~011lp~l(~iit(?i t t i ( >  illttlrfii(,(>. i i ( ~ ( l l 1 1 ~  Illor(> o \ ) J ( Y , ~ s  :i11(1 ])Ossit)l(> ;iCtiotl~ th;it tht' 

Ilstlr 11as to uritic~rstii~ici. 



I Simplicity Fccdl)ack 

1 F i i i r i t y  Consistrocy . I *> 

3.6.2 Familiarity .# 

3.6.3 Affordances 



3.6.4 Context 

wi th  ivliic4~ t lif>. c a r 1  (lo so shoultl I ) ( >  i~ l i~r ic~cl ia t t~ ly  visiI)lt> a ~ ~ ( i  wsil\.. i d m t  ifiiif)l('. I-SP~S 

arc rclurt;int t o  sc>;ircli for occluclt~l  iriforrliiitiori so risu irit~~rf;ic.c~ cl(sigr~cm rli~ist .  bc. 

~ i i c > t  i t ,~i lo~is  i l l  u r ic l~~rs t  a11di11g t 110 t i i ~ k ~  I I S V ~ S  ~ ~ i i ~ i t  to  pt>rforrli illill t ' 11~11~  t liiit tIi(1 



. 
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3.6.6 Feedback 



3.6.8 Flexibility P 

3.6.9 Responsiveness 





Chapter 4 

Comparison Framework 



The c o ~ n p a r i s o ~ ~  fra~r~rwork will consist of scvcntccn clin~c~isions along which Icarn- 

of the rciwms n.k tach of them is i~nport;irit will be discussc~d. It is cspcctcd that 

the rclativct i~nportar~cc' of the cli~rre~~sions will clt3pentl on an i~~divicl~i;il 's opiriiori ancl 

the cor~tcst  irlto which a c;i~lclidatc: Icarni~ig t~ri\irorirncnt will hc dcploytd. 

The clcvcloprricr~t of softn.aro always involvcs tradcoffs so no \\7ct)-hast~cl Icarning Q 

cnvironrr~cnt is c s p c ~ t t d  to t ) r>  t h t >  t~cs t  ill a11 of the idcntificd dirricr~sions. Lscrs of thtl 

4.1 Comparison Dimensions 

111 this sc\ct io~~ \vt> ~ v i l l  iclc~itify the con~parison climtwhio~~s that r~iakc I I ~  the. cx)rr~y)ilri- 

ho~i frii~iiwvork. Eac.11 dirrio~~sion will I)(> r i a ~ r ~ ~ l  :i11(1 ~~spIa i r~c ( l .  \\.v will also i(lc111tify ii 

111111il)cr of systcrrl font 11rc.s ancl at t  ributvs t hiit cant rihlito to t~ilch clirr~t>nsion iind that, 

thc fr;lr~ion.ork risrlr car1 look for whrw cwrt~puirlg Icarnirlg clnvirorlr~~crlts. Sot (>  t t i i i t  t h v  

-' c.orr~pwrison cli~~icrisiorts arc not o r t l i o g o ~ ~ d  l)ocw~isc~ loiirr~ing c>~~viron~ricwt a t t r i I )~i tw 

mid fciit~~rt's 111ay support or c1ctrac.t fro111 ulortl t ha11 o n 0  clir~ir~r~siori. 

C;it)son clt a1. [ l l ]  itlc~itificbcl six clirr~wsions ;tlor~g \vhic.h \!7r~t)-t);isccl testing arrd 



cvaluatiori systcwis c.olil(1 1)c c~~; i l~a tcc l .  Thcsc wore tcsting. trackirig, griitlirig, ttito- 

rial t)uilding. irli~)l(~rrir~ritatiori issucs and security issucs. Tticir dir~imsior~s hii\.tl 1)ocrl 

s11bs11rrict1 hy t h ~  clirlicrisiorls of thc cornparisorl frarncwork proposccl h r w i ~ i .  

Thv first f o ~ ~ r  cwr~iparisori tlirricrisior~s idc~ritificcl t)vlou. fall out of the clisc.ussiori 

or1 t t ~ h n i q ~ ~ c s t t i a t  fostr.r Itw-nirig i11 Scctio~i 2.5 and or1 h~iril;in-corri~)l~tor ilitcmc.tion 

i l l  Chapter 3. ,Th t  otlit'r cli~i~cnsions d r ~ d  prir~iarily wit11 ot t1c.r a s p r ~ - t s  of \\~t~t)-l)iisrd 

Icarriirig rwvirori~l~mt appli(-atioris ytlt t h ~ y  arc sonsiti\.(> to ( l ( I~ i (* i i t  ion and HCI goals 

for \\'rt)-1)asrd 1c:irriirig c~ri~.irorirtir~rits. The> dirrirwsioris wcw riot orcicrc(1 hy wtiic.Ii 

type of user thcy arc' likely to irripact t ) c ~ ~ a ~ i s c  lriiiny clir~icrisions i i f f ~ t  rtiorc that on(' 

rolt, i l l  a Icarr~ing crivirori~iit~nt. Ti11)l~ 5.1 or1 piigrh 11 1 st~rlirliitrizr~s our t ~ p t ~ . t i t t  iciris 

of ttio rt,lativcl i111porta1ic.c t l i i i t  cliffrwnt grollps of rist.rs will a t t r i t )~~ t t .  to oitc~ll of t l l ~  

cwr~iparisori cli~~irwsio~is. 

4.1.1 Facilitating 

1t);irriirig t~r~virori~~irwt applicnt ions clirc1c.t ly f;ic.ilit ;it c >  It~iirriitig ari(1 t t i t .  ot 11t.r is tlon 

fii(*iIitato~. ratlit'r tfiari t11ilt oE t hcl Inor(> tritclitioliiil krio\vlctlgc~ t ri111smit tflr. 
a 

R(b('ii11 from S P C ~ ~ O I I  2.5 1 that ~ I V O  i ~ i s t r ~ ~ ( ~ t i o ~ i i i l  t t ~ ~ I i 1 1 i ( 1 1 1 ~ ~  for fil(.iIitiitilig l ( l i i~~t-  



4.1.; 2 Cognitive Apprenticeship 
? 



4.1.3  Collaboration 



t l~ i s  cast). thcl lr\arnirig c~ri\.iro~irr~crit clots riot gwiri i~~tcc t h a t  id1 piirtic.ipa~~ts' views 

sarily t l i v  ciistl. \\'(I h a v ~  said that onrl  sigliificarit acl\.nr~t iigo of (list ribiitc(l Itliir~ii~ig is 

that i t  ro111ov(~s th t l  1 i w c 1  for (m-pnwww. Sotice that S ~ I I ( . ~ ~ O I I O I I S  (.oIIiiI)o~iit i o r ~  11111- 

l i i q  11iirf o f  this ii(l\ .a~ititg~ t ) ~ ~ a t i s ~  aIth011gli l f ~ y r ~ i i ~ i g  , . (,a11 still i ) ~  ~ ) l i i ( ~ ~ ~ - i ~ i ( l r ~ l ) t ~ ~ ~ ( l c ~ ~ ~ t ,  

i t  is ~ i o t  t i r ~ i o - i ~ ~ ( l c ~ ~ ) c ~ i i ( l r ~ ~ ~ t .  
I 

, 

1s ~ & Y ' t l O l l i ( '  ~Llill~. i \ - i t l l  ('llliill. il 1)t'rSOIl (':ill ~ t ' l l ( 1  ii IIlt'SSiigf' t0 ii ~ l ) ( Y ' i f i ( '  ])OrSOIl Or t0 

a gro111) o f . p w ~ ) I t ~ .  .\ staricfar(1 c ' r rh~c; i&r '~~t  t o  I I I ~ ~ I I ~  o~l~iril  systtlms is the. fiic.ility t o  

a t t i r c t i  111ult3rnccli;i d o c ~ l ~ n c ~ ~ f s  t o  I1iclssagr>s. Erriilil ('iirl also t)o c~ricryptc~(l ii~id tligitally 

sig~ic.tl to gliariilitw privit(.y a11(I i i l l t l i t~~ i t i ( . i t y  o f  ~i~t~ssirgc~s. L t ' i i ~ ~ ~ i ~ i g  f~lii.iro~illior~ts 

1 1 t A ~  proviclc~ ii ( l i r t l c t o r~ .  Iook11~)  s t ~ r v i c c ~  so t11at ii IwrsoIl ('iili f i l l ( !  S O I I I W I I V  ~~IsP ' s  m i a i l  











pcoplc in cliffcrrir~t locatior~s arrive at dct is io~~s  in real tirr~c. The activities that such ii 

systcrri c.ot~ld support arc) sirl~ilar to thosc of thrl asynchronol~s tlccisior~ support system 

plications. Thcsr cot~ltl giu. lcarr~crs a rnecha~isrn for csprcssirig thcir uritlt~rstar~tii~~~ 



ccorioniizc t)andwicltti by periodically scndirtg vitlco snapshots. 

4.1.4 User Interface 

User interface principles 
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T;tt)lc 1.1: Cscr intcrfacc characteristic-s 

Metaphors 



Workspace awareness 

1 i ; t i ~  i t  ~t i i t i ( I i i r (1  >( 'roll- l) i ir  i vh ich  i r~( l i ( , ; i t (>s  ttitlir rvIa t ivr> pos i t  ioti i11 t ~ I V  t vo rkspa ( . r  1 ) I l i ~  



C;rcw~l)org i.121 t~as p r o t o t y p r d  t h t '  11s~  of fisticyo ~.itlns to  s l l l ~ l ~ ) r t  \vorksp;iw iiw;ir(>- 

Ilrlss. Fisl~oyc~ vicl~vs arcB 11s11all~. I M Y I  in .  infor~r~iit i o l ~  \:is~i;iliz;it i o ~ ~  ;is a r l l c w l s  for tls- 

~ I I I ~ I I ~ I I ~  t h ~  (lotails of SOII IV l)ortior '~s o f  t h o  infor111atio11 Sl)ii('P \vhiI(> ~ ~ ~ i i i ~ ~ t i i i ~ ~ i ~ ~ g  t t ~ ~  

c . o r l t t b s t  of the> rvst o f  inforn~iitior~ sp;ic.c (e .g .  [Z]). This is.;ic~c~or11~1lis11(~tl I)>. c.rll- 

phasizi~ig t h ~  fo(.us iirc3as through mag~~ificat  1011 \vhi Io  compr(1ssi11g t 1 1 ~ 3  wst o f  t I I P  

i1lfO~111iit~011 SI)ii('('. (;r('Pll\)('rg aI\O('iit(% Oll? f O ( ' 1 1 ~  t0 ('ii(.tl ])~irtl('i~)iillt 111 tI10 ~tlilr('(1 
e 

o r a  Eiic.11 pir t  ic , i l~; i~~t  (.;in tIic.11 sclo s0111c~ cl(~tiiils of \vh;it o t  t~clrs arc' cloing while 

111iii11tiii11111g t 1 1 ~ ~  glot)al ( ~ ) r ~ t ( ~ ~ t .  piirt i ( , i l ~ i i ~ ~ t s  (.:it1 ( Y ) I I ~  ~ o I  t1t t1 111ag11ifi(.iit1011 f111l(.t ion  



4.1.5 Personal Workspace 





Tnhlc 4.6: Aspects of course aut horirig 

C'rcating tests and qiiizzcs 
a Croatir~g act ivitivs 

A .  

4.1.6 Course Authoring 

tooh for crcati~lg tests a 1 1 1  clui~zcs for assfisrncnt. Course authoring tools ~niglit also 

ing. Organizations tha t  hi ix . i~  I I I ; ~ I I > .  courses already d ~ ~ v c l o p t ~ l  for a gcncric format. 



like H T l I L  rIia!- fa\.our Iclarnirig environments that can dc4ivcr these courses as thcy 

a r t  or t h t  can atitorriatic;ilIy translate the111 illto the Iear~ii~ig t~nvirorimcnt's format. 

4.1.7 Assessment 

Traditional assessment 



Alitorliattrl gratlir~g 
F1cxil)ility 
Fcccl1)ac.k 
C r i i d ~  1)00k 
Pccr cval~iatiori 
Portfolio asscssrritwt 

1 Trndz t~und 

1 / Dtsigriirig ins t r r~t ior i  

Essay 
Sirriulatio~is 

Nontraditional assessment 



that niakc it possit)li~ for Icarrwrs to  s u h i i t  thcir Icarnirig artifacts or a rc~prcscrit at iori 

ariiorigst tkc1r1sc1vt.s and :vit t~ thc l(w-r~c.r. 

.A sccwr~d clsarr~plc of altcrniitit.t> asscssrlic~t rriclthoclology is port folio assws- 

111uit [ I l l .  Loarr~ors iirtl rcspor~sit)lt~ for rrlarlagir~g thcir o~vri portfolio which cmritiiiris 

artifiic.ts showasi r~g thf.ir procl~icts a r ~ d  proctBss of loarnir~g ovc.r t irno. .A l f l i i r ~ ~ i ~ ~ g  wvi-  

rorir1lmt colild ttiorcforc provide tools for rna~~iigirlg imtl rtb\.icvirrg port folios. A f ir l i t1 

csarrlplt~ of a l t t~rni i t iv~~ asscssrnmt is whrw 1ciirnr.r~ arc1 givori tho task of ( Ios ig~~ir~g 

instruction for other Itw-r~crs [rl] .  To support this tj.pcl of ac.ti\.it~.. a I twxir~g c v ~ \ . i -  

ror~rrlcrlt c.o~l.l(l allo\v protoc.trlcl iic(.cSs t o  ir~structor tools i r ~  t11c learr~ir~g cr~viror~r~~c>r~t ,  

4.1.8 Tracking 

Data for human consumption 



1 H u ~ r m n  u.se 

Data for system consumption 

Data rriir~irig 
Data analysis 

1 
1 

Rcport ing 

. \ t~to~riat ic' t ~ i n i r ~ g  



(Iyriarriic load l)iiliin(.i~ig hascti OI I  tile usage patterns i t  ck'tccts. Cscr i ~ i t c r f i i ~ c ~  ~ h i c - l i  

~.rr~rrlr~rr~I)c~r" wtiat Ilscrs havrl doric i r i  tlic ~ m s t  to irripro\.c navigation also dcpcritl 

on t rackirig. Lvwrr~ing e~ivironrncnts which havc sorric artificial iritellig~mce built i r ~ t  o 

them car1 rlst. data the. c.apturc to perform rnorc cornplcs operations. 

\i-r>I~t)asocl Icxrning cnvirorirncwts with atiiiptivt. 1isc.r interfaces require con1plc.u 

systrLrri logic. arid good data ciipturc arid arialysis capabilities. Based on its artificia1 

ir~tt~lligc~nw ari(1 or1 t tic tlat a i t  capt urcs. t he Iwrning cnvironrrlcrit car1 rrioclify t 11tl r w r  

in tcr fxc  i t  p r twr~ t s  to  t w t i  llscr to twttcr niwt tticir ricwls. 

Soptiisti(,attd t ~ i i ( . k i ~ ~ g  (~111ci ~ I S O  c11al)I~ d ~ ~ r ~ a r n i c  g11i(ia11~t> ( ~ i i ~ ) t i l ) i l i t i ~ ~ ~  [-Ill i t 1  in- 

tclligont \\~t~I)-t)asr~(i It.arnirig t>rivirorlrricnts. Dyriarnic gui(iariw capat)ilitiias iirc i i r i  all- 

torriatoci s ~ . s t ~ r r i  thiit rrioriitors It1nrrior or jristr~~c-tor activitiels anti clt>tc~.ts l w h a ~ . i o ~ ~ r  

trrlri(is. B;ise~l or1 t h t w ~  trcricis. the clj.narriic. guidaricc systcrli car1 clt~tf~rrriirir~ Iwttw 

pract i c w .  T h  h~.stt~rri can tht>r~ ciyr~arriic.ally iritrn-rnt' ;ind alelrt lcarric~rs or ir~strtlctors 

of thc proI,l&ris i t  his noticed iind ho\v thrky car1 irriproix. tht.ir Icarr~irig or tc;tc.lii~ig. 

For t~xa1111)l~. a d>~11;31111~ guiciaricc~ systt>r~ ~ 0 1 1 l ( i  11~11) I ( ~ i i r r i ~ ~ r ~  i111i)r0\~ t I i ~ i r  Itliir11111g \ 
I)>. takirig atI\.aritagc. of thc spacing cffcct. Thcb spacir~g c f f i ~ ~  ..rcfvrs t o  thv firi(1irig 

that for a gi\.cri arri01111t of s t~~c i> .  tir~io. s1)acwi p r ~ w r i t a t i o ~ ~ s  yi(3ld s11\)stiiritia11y \wt tvr 

Icarriirig tt~ari (lo r r i a ~ ~ i  ~)rc~sr~r~t;ttioris.' [30]. If  t h v  systerri ( ~ > 1 1 l ( i  (ir3twt t l ~ t  ltwnt\rs 

\vf.re rcpwtrdl>. rcl~-irl\t.ing thc samv rrititcrials. i t  c ~ ~ u l ( l  iriforrri Ic2rrm-s of t110 s~)il( ' i~lg 

cffrct ari(1 siifigcst that t hrlir st~icl>. t irrie c ~ ) ~ i l < i  1~ twttor sl)cnt by spicirig t t i v  r(3vitw 

of part i~'11Iiir rltate>rials o\.flr lor~gt~r perio(is of t i r r i (> .  

4.1.9 Ethical and Social Issues 

\.cr>. fwv of t t i t l  rciiciirigs that warv caris~ll t t~l  in proparirig this tticsis w ~ 1 1  urkr~o\vl- 

t ~ i q ~ i  t tit1 fact that t titlrr ivcrc e.t hical m c l  social c.orisiclt~ratioris i r i  dcvcloping a11(1 

cit~~~Io>,irlg \\7(~t~t)irst~cl 1c;irrlirlg c~n\.irorirrit~rits. Hi l t z  [>2) al111cJetl to ;i f ~ \ v  r l t  hical iss~~tls  

an(l Hill  ': 11 icicrit ifivci ct hical iss~~rls a\ orie. of five arcbas of c.o~isitic>ratiori in crwt irig 

ti i5t ; ir ic . t .  It3itrnirig t~ri\.irorirrtcr~t \ . i i i  t h v  \ i ' t>t) .  Ttiesc ivcrc thrl osc.cptioris ratticr than 



Table 4.9: Ethical and social issucs 

/ Dc~~)~rs)r~;diizativri of Icarr~ing Fair accwsil)ility 

Depersonalization of learning 



of learntrs, for csaniplt. is a11 irnporta~it ancl 1)cneficinl cwriscqucricc of fxc- to- fxc  

lmrriing that rriight t)c corr~prorriisod iri learners who prilliaril  iritcmct with rr~actiirit~s 

rather than with p c m  and iristructors. Le;irncrs who a r e y a t e d  by distance may also 

ha\.(. difficulty dcvclopirig relat ionsliips with thcir iristructors arid pccrs. Organizations 

consiclcring t ht> atloptior1 of a \\\)-based lcarnirig c~ivirorirr~cnt sholild fdvour vwclors 

who have rriatl~~ sptkcial efforts to c-orripensate for the lack of direct tir~rr~an cor~tnc-t 

in con11)11tcr-rrit~diatccl Imrnirig. \\'el)-bascd Irarning cnvironmcrits that provitlc good 

collat)orntion tools ar~cl goo(l iistlr interfaws car1 a t  Icast partially adtirass the coriccwi 

m.cr t hc <Ic~)t~rsor~:ilizatiori of lcarnir~g I)!. cnabli~ig ir~strw-tors nrld Irarucrs to tlcvtllop ' 

a scristl of c o r ~ ~ r ~ i u r ~ i t y  evthri though they art1 sq)aratclcl by clistiiricc. 

Privacy b 



looking over yullr s l io l~ldu.  Ttiis wo111d likely bother many yniplr 1~-1w if  it was ~ 1 1 1 ) -  

j>oscdly for thcir owri good. If  i t  ivas possiblc for monitoring ir~forrriatiori to fall into 

tho hands of ur~t r~is tcd  individuals. then cvcn niort) pcoplc woul(l o1)jcct to bcirig nio~i- 

itorcd. Orgariizations slioultl rriakc a ronscious decisipr~ ahout how 11111c11 111011itoririg 

thcly arc being moriitorcd. Lrarniug cr~viror~rricrlts car1 support t h o  irr~~)lcrrlcritatiori 

Fair accessibility 

Fair iic.wssihilit to Irwr~irig is m o t  licr irnportarit ct hical (111~st ior~ t t iki t  rlikirly orga- 

riizttt  ions corisitiuir~g t tic1 ac1oj)tiori of a \\7ch-t)asrd l(~iirnirig c>r~virorlrrlcnt will liavv t o  

cwrisi(lr>r c i m f ~ i k  \\+I)-hasnl Ir~irriirig en\-irorinir~nts that iliiik(1 IISC of the 111ost 1110(1- 

err1 tvcliriologics sorrirhtirrich provide attractive fur~ctioriality but also torid to rccl~iirc 

rriorc cwrri~)~~tirig rvsourccbs. If tlicsc cornputir~g rcsourcw arc riot (1cl11it;it)ly i i~ i i i l i i I ) I (~  

t o  all It~arr~crs, t l ic~i S ~ I I ' I V  lwrrit~rs r r l g  h unfairly clisac!var~tagtti. Orgimizatioris will 

ha~.o to strikc a bitltir~~t' t )c> t \vcvr~  j)ro~.itlir~g the. h t  i('iirrli~lg r~ri\.iror~rrlorit ~ ) o s s i l ) l ~  for 

t hvir lviirr~cm n.it 1io11t cwat irig ~ ~ r i a c w p t  ahlc' clisidvarit ijgf's. 

Intellectual property 





CHAPTER 4. COJIP.4RISO.Y FRA.\IEII'ORI\: 8 0 

have the right to attenc! classcs arioyniously.. -4lthorlgh people arc sctri by others 

in traditional l ~ c t u r c  halls, t h q  do riot ~lsually have to  rnakc thcir riarrics krio\vn t o  

thcir classmatcs. Sorric of the coricerns rnight t)c adtlrcsscc! by Iearnirig cnvironrnc~its 

that allow Icarncrs to  use pen rianies or aliases. This, howcvvr, raises othcr concw-ris 

about people irripcrsonating others or pcople using inappropriate pen names. riot t o  

rricritiori the potential prohlcrns with people behaving less rcsporisit)ly i r i  the Icarr~irig 

~~rivironrncrit hca~lsc .  of pcrcci\wl arioriyrriity. 

Organizat ions nil1 quickly rcdizc that thew art> oftc~i  conflict ing viwvs OII  c l t  liical 

cl~ic>stioris and that t here iirc o f t  cri good reasons to  support (w41 of t  hc posit ions. .They 

sholild ciircfully clt.c.ic!c or1 as rriariy of thcsc rriat t c m  as ~)ossil)lc twforc a-tcloptir~g ilii(1 

(!cployirig a \ \ ' o l ~ I ) i i ~ ~ ( !  learriirig mviro~~rr ier~t .  

4.1.10 System Requirements 

\.\-t1l)-I)ascc! Iewnir~g cri~~irorirricnts rriay fia\.v c l l l i t ~  a \vitlc rangtl of systcwi r(vluirc~~~~orits 

arid thcstl clcfir~itcl new! to  1)c factored illto thc dt~cision or1 \vhicI~ I t~arr~i r~g cr~viror~- 

rricnt to ~ c l o p t  arid (!(>ploy. Orgarlizatioris will j i f ' ~ ~ ~ ~ i \ l I y  favolir Iwrriir~g c~~~viro~irr i t~nts  

whose systcrn rtquiror~~crits arc sirnilar t o  thcir currtwtly iristall(~(l 1)iist) of 1i;irclivarc~ 

aric! softi~iirc~. This is irr~portiirit for niiriirr~izirig c.osts iirici rriasir~iizir~g acwssi1)ility. 

Thrl s>.stc3rri rcquirc~nit~rits car1 1)c' logic all^ t l i r i c l c d  i r~ to  tlirw st>c.tions: t i ~ t l  cliorit. 

Client 



Figure 1.1: Clicnt scrvcr 
I 

Request I$ A - 
> k-- b - - Response I , I ? !  

7- ( t LL" 

IY, 

Client 

-- 
kJ 

Network - Server 





Thrk l w r ~ i i r ~ g  r w \ ~ i r o ~ ~ ~ r i t ~ n t  wr\.rlr is the1 c.tbr~tr;il n i i d ~ i r ~ o .  or cl11t5te.r of ~~~;ichilrcls. ivith 

1vliic11 tile> (~ l ic~~i ts  i11tc1rat.t. L(1arriing ~ ~ I I ~ . I ~ O I I I I ~ ( ~ I I ~  \-(>r~(lors l+. i l l  ~ t s u a l l ~ ~  ~)1~1)1ish mill- 

i i ~  i a r 1 v ; i r  1 1  s o f t  r t q i r r ~ t ~ ~ t s  for 1 s e r e  ~ ~ a h i i t s .  Thr. hiir(l~i1rtl 

r ( ~ c l t ~ i r ( ~ ~ r ~ c ~ ~ i t s  spt~cif!. t h e '  t!.l)cl ari(1 spcwl of I)rot.c'ssors t l12t iirt' roquir~~cl ;is ivtb11 ;is-t f 1 t 3  

nc(~clc~cl clisk spat.() a11t1 ra11tlo111 w c ~ s s  ~ricwlory. 

L ( l a r ~ ~ i ~ ~ g  c ~ r ~ \ . i r o r ~ ~ ~ i t ~ ~ ~ t s  t~ .p icd ly  opcsratc on a li111itcc1 1111rnt)vr of wrrxlr i ) I i i t . f t ) r~~~~ .  

Si11t.c r ~ ~ a i n t i i i n i ~ ~ g  wr\.clr rtiachirics call t ) c >  c~l~;i l l t~~~ging.  orgmiz; t t io~~s  \i.ill typit,idly 

fd\.ol~r 1f~arni11g c~~i \ . i ro~~r r i r~~ i t s  t11at opcmtc on stbr\.tbr rliac~l~i~ic~s that th? k ~ ~ o w  how to 

Illdrlagf'. 

.-I\ kc! ihsut. rt.ltite.cl t o  st'r\.cr rctl~lirtw~rwts is sc.alat)ilit!.. TIIC s v l e ~ t t ~ l  I t w ~ ~ i l ~ g  

~ n \ ~ i r o r l ~ ~ i e n t  r1111st hi i i t ) l c >  to support the m t i c i p a t d  r111111twr of initial uwrs a11(1 

t .sho~~lti  x a l t  ~vcll i f  t tint 11111riIwr ir~crr~;t~cs. It is illrportitr~t for a srlr\.cr t o  se~r\.ic.c~ climt 

r t~111~hts  111 a ti111fxly ltliitlIif>r. 

Tht. soft~var(. rt.cluirtxcl for 1c;trriirig r~~i \ . i ror i~~icr~ts  is so~~icltir~~c>s st~lf-c~ontai11tv1 i l l  thtb 

lviirriirig ~~n~.irorirrir~rit applicntio~i. Hoive~w. othcr softivarc. is o f t t ~  r~cwlt.ti. Thv othor 

hoft ~ v a r ~  might ir ic .1  11tiel  data t ) i~~os .  (.0111pilers and \\.tll) scrvrlrs. Those1 add (~)111y1txi ty 

- - 

Server 



CHAPTER 4. c'o.~~P.-~R*ISOS FR.-\2JIElI*ORK 

~ e t w o r k  4 -. t ~ i  

The> ~ict\vork is what Iir1k3 thc clients arid the. scrvcr togcthor. For \\i~t)-t)ast~l Irw-riirig r 

. 4.1.11 Robustness and Security 
% 

to ffiing t11c rriorr. st>i.t>rv prot)lt~rr~s a., so011 t l i r ' ~  occlir. R o l ) ~ ~ s t  systcr~is.iirc 11ot 0111). 



Backup furi(.tioriaIity Digital c~rtificatcs 
Password protcrtion Digital sigriaturcs 
\111ltiplc pcrrnissio~i Icvc~ls Smart cards 



Tatllc 1.12: Lotus Sotes levels of acwss 

S o  pcrmissioris at all. 

Pcrrnission to subhlit docurricrits. 

Pcrrriissiori t o  read docwrncnts. 

Roaclcr's pcrrriissioris plus the ptrrr~ission to 
crcatc documents arid cdit or dclctc ow1 
cloctirncnts. 

A~lthor 's  pcrniissioris p111s the ptmriission to ulit  
or cicl~tc 0tht.r people's docurrierits. 

Etlitor's pcrrnissions plus tile pt>rrriissiori to  
111akc char~gcs to the datat)asc~ itwlf. 

Designer's pcrrliissions ~ I I I S  t h ~  pcw~~iss ior~  to 
C '  

clclctc the datat)asc.. 

o\vlltlr to v i w  t ra imi i t  t ~ t l  iriforrriatiori. 

Digital sigriaturc fx i l i t iw rriay also 1 ) ~  providd by wrtairi lwrr~irig ~~riviror~rliorits. 

Partic.iparits  car^ sigr~ cloc.rirr~crits with a digital sigr~iittlrc that provcs to o thw par- 

titGparits with n.ho111 clomr~icr~ts origir~atrd. Digital s igr~att~rcs car1 also t ) ~  ~ i s c ~ l  fi)r 

rlorircputiiat ion. 

Srriiirt cards art> c w c l i t  card sizc cit'vict>s that havv rrlclrriory arid sor~ic procwsirig 

power. Each participar~t iri  a Iciirning cnviro~irricrit co111(l 1)c issl~ccl a sniart carti 

ivhic.11 ~vould storc their iclc'ritification irlforrliation as wcll as all thvir prcbf(wr~cw i l l  

t hc lwrriirig ~~rivirorirncrit. Cpon iriscrt irig the srnart card i r i  cornrnon acwss tcrrriiriids 

or i r i  kiosks. tho \\7et~t)asecl lcarr~irig cnvirorinic~it would rccognizt' the participant m t l  

givc t hr~rri t hc appropriate. access aritl v i w  of the Icarriirig cri~:ironnicnt. 

Orgiirii~;itio~~ c,onsiclt.rir~g tht .  a d o p t i o ~ ~  of a \Glt~l)ascd Icarnirig vrivirori~~itwt shoul(l 

favour roh~ist applic.atioris. T f i ~  shoultl also Fdvour I(~arriirig crivirorinicnts that pro- 

\-idt ;it l ~ a s t  the rriir~irriurn arnol~rlt of security r~ccdctl 1)y ttie orgariizatiori. 111 Scc- 

t i o~ i  4.1.9 i t  ivas s ta t td  that organizatioris rririst ,makc r n a y  tlccisioris or1 ethical arid 



Table 4.13: Integration issues 

Iriternal intcgratiori 
Environmental iritegratiori 

social qucstioris. sonic of which (leal with questions of privacy ancl a c c ~ s s  to informa- 

tion. Organizations shotild thcrcforr favour \Vcb-l)ax~l learning erivirorirrie~ts whose 

security model is flexible criough to  accorrirriociatc t h t  privacy decisions rniuic ttic 

orgariizatio~i anti w1iic.h can protcct intcllcc.tual propcWy. 

4.1.12 Integration 

Thew art. t~vo  types of intcgratiori that car1 t)c cor~sidcrcci whcri cor~ipari~ig \\b-t)as(~l 

learning mvironrricrit applicatioris. Firstly, oric (+an cwnsiclcr tiow ivcll thc ;tpplicatiori's 

suhsystcnis arc iritcgratccl. \\'P will call this iritcrnal integration. Scc~o~itily. one car1 

corisitlcr how w.11 t h ~  lcarriirig cnvirorirritwt wo1M iritcgratt. with thc softwarc aricl 

t hc hurriari processes alrcatly in place i r i  t he target o rpn iza t  ion. \\'P nil1 rofcr to this 
j 

t y p  of iritegratiori ;is crivirorirrit~ntal iritegratiori. 

t 
Internal integration 



Environmental integration 

c ~ o ~ ~ r i s t ~ l l i ~ ~ g  scr\.ic.cls. Si11c.t. this aclclitioliiil f~i~ict io~ial i t>.  is sorricivhat pt~iphc~riil  to 

learning c~rivironrri~~rits. i t  is not  trc'iitc'(I i r i  iiriy rriorc cIt1t;iil f ivrtl  or (~lsc~vfic~r(~ i l l  t h  



0 Eritl-user custorriizatiori 
/ System administrator custoniizatiori 
1 \-endor clistorriizatiori 

4.1.13 Customizability 

End-user customization 

System administrator customization 



for t heir particular organizations. 

Vendor customization ri 

4.1.14 Support 

Tfir. st.r\.icc that 111;i. bv ~~ri~itllocl \\ . i t t i  iiriy procluc~ car1 grt>;itly ir~cwasc its ~x111c iir ic l  

t hc sat isfxtiori that c.ustonirlrs cspibricricc with t hc proclrict. Iri Scct iori 1 .'1! ivt3 iclcriti- 

f i t~ l  tht. stress axsociatccl lvi th  rrianaging ntlw tcchr~ologitbs a5 onc of tht. t l i~a( l \ .a~i t i lg t~~ 

\\.it11 risi~ig tt>chriolog. for lcarriing. Good support rriakcs rriwriagirig softuarc casicr 

an(1 I ~ s s  stressful. Orgariizatior~s cwrisidcring thc adoption of Icarning c~~viro~ir~i t>r i t s  

stio~il(l tlicrcforc particular attcntio~i to the support that vcntlors offcr c~lstorric~rs 



Table 1.13: Types of support 

Or i l in~~  anti printed doc~i~rientation 
Toll-fr-cc call ceritrcs 
Corisrilti~ig services 

I Conirriitrricnt to  rnaintcnancc 

1)iisc~l Iciirning mviro~irritwt . 

Toll-frw call c ~ r i t  rcs st afftd with k~io\vIcclgc~;it)lt~ crlstomtlr sc1rvic.c rtyrcstmt;it ivm 

arid tt>chnicims a r t  also clcsirablt~. Thwc  givf> aclrrii~~istrators ar~cl critl-uscm wsy ii(.(.('ss 

to htllp for rtw)lvirig tticir specific tlifficxltit~s i l l  lisirig t h  Icarriirig t~riviro~irricwt. This 

type of porsorial svrvic.tl also Iesscris t ht' ~ ~ I ~ I o s s I ~ ~ ~ s s  t tiat ~ 0 1 1 1 1 ~  I I S C ~ S  f w l  wtic11 t hcy 

ari ;ilt~~rriativc to this h ~ i t  i t  lacks t h v  ptmori;il touch offrwcl hy t~ii~riari (.oritii('t. 
4 

SOHIP Icarriirig crivirorirricrit \.criclors r r i q  offer corisultiiig sc~r\.icw with t h i r  pro(1- 



Table 4.16: Types of training 

How to use the Iearnir~g erivironnient 
0 How to teach anti Itarn cffectivelv ordine 

& 

4.1.15 Training 

The t raining offiwcl witti a Icarr~irig environment is m o t  hcr dirnt~r~siori along which 

corripctirig solutions can t)c corriparrd. \Yhile it is often t1tsirat)le that users t)c ahlc 

to usv softwart> proci~icts sricccssfully without training;this is not always ~ 1 1 i c ~ i t t ) l ~ .  

\t7hcn iiscrs will bc usirig a soptiisticatctl applicatiori for an cstcnclcci p&~cf of ti~riv 

it is rciisoriahlt~ to assurric that sonic trairiirig will t)c riccdccl. Or1 thc o t l i r ~  harid, 

if people use art application infrtqtiently or for only a short pcriocl of tirric it may 

tw rriorc clt.sirat)lc to h a v ~  a sirnpler application which most pcwple can 11s~  ivithout 

training. Organizations may favour i-entiors who offer training with t hr>ir Icarriing 

m\.irolinionts if t tic orgar~izatioris offrlr lorlgcr coursc3s. E v w  for organizatior~s offorir~g 

orily short courses. trairiirig rnay hc n tvssary  for adrriiriistrators arid iristr~ic-tors. 

Thcrc arc at Itwst two typcs of training that could t)c us~fril for orgaliizatioris 

atloptirig a \t70t>-basd lcarnirig cnvironnicrit. Onrl is how to usc thrt Itimirig cnvirori- 

nicrit applic.atiori. This is \aluablc trairiirig as it will help tltw~.stify the. applicatiori for 

ricn. users and teach them the application's capabilities. Thc rriorc c~tiallcngir~g type of 

training that rriay t)c riccdcd is or1 how to teach arid Icarri cfftkc*tivcly i r ~  a*tcc.hrlology 

supportccl distrit)utctl Iciirriing cnvironrrimt. Instructors who arc not tycricricecl in 

tcachirig in thcsc Itwning cnvirorirlicnts will havv to aclj~lst thcir teaching rrictho(ls 

and wo~iltf bcr~efit fro111 trainirig. Similarly, Icarnr~rs who are used to othcr forms 

4.1.16 Business 

\t'tt~t)asccl Icarriing eri\.irorinicrit vcridors niakc b~isirlcss ticcisions that affwt how t11c.y 

positiori thcir procl11c.t in the rriarkct for clistritjuted Icarriirig cnvirorirric>nts. \'cwtlors 



Tat)le 4.17: Business issues 

0 Total costs 
a Hosting t he learr~ing crlvironni~rit 

c l io  try to capture thv wt i rc  rriarkct with a single gcr~cral offorir~g risk not doing well i r ~  

a n .  market st~grricrit siricx* other vcmclors who spcc.iiilizc for diffcrcrit nlitrkct wgrr!crits 

arc more likely to rr~ctlt thc'ir potcritial custc;rricrs' specific ricccls. O r ~ c  positioriir~g 

dccisiori that vrwtlors ~i~li i i l ly rriakt is which acaclcr~~ic Ici.cl to targct. The ac.aclcwic 

I~vcls  (.;in Iw gro,ipcrl illto prirriary cclr~c.atiori. see-oriclary ctll~cation. twt iary c(Ill(.iit ion. 

arid professional triiir~irig. .\riothcr dcc-isiori that vcnclors should niakc is ho\v rliiirly 

sirrir~ltancolis courses their learning criviron~r~cnt will srlpport. Siniilarly, tht.y shol~ltf 

dcc.iclc~ how rriany sirriultaricous parti(i~)arits their 1~arni11g crivirorirr~mt ivill  s r ~ ~ ) p o r t .  

Orgiiriizatior~s cwnsiclf>ring the acloptiori of t i  c1istriI)rittd loitrriing tr~viror~rric~nt via 

thc \\>'I) sholil(1 fiivol~r I~a rn ing  cnviror~r~icwts ivhosck tiirgot rrlarkct c.losc~ly r~~wtchos 

the 111iirktlt ~ g 1 1 1 ~ r i t  that tlit>y fit into. They ~ h o ~ l ( 1  ~ ~ I s o  c>rlsllrtl ttiat t h ~  ( ~ i ~ i ( l i ( I i t t ~  

I twxir~g (wvirorirr~cr~t (.a11 support th(>  rcqiiirccl 111111ihcr of s i r~~r~l t i inc~or~s  collrsvs ii11(I 

Ic>arrirm. arid that i t  ciiri scale to  acbc.orrin~ocliitt' ;i~iti('ij)iit(~(l g r o w  h.  

T h t w  rriiiy \.cry ncll t)c a large variety in thv c.osts associattd with c.orripc\tir~g 

Iearr~irig cwvirorinicrits. \.vcr~clors will oftcn offcr ii f w  diffcrcr~t opt ious for lictwsir~g 

agrccr~icr~ts ar~tl rriay he \villirig to  cwstorriizt' tlw licwisirig ;igrtwrit3r~ts for t h i r  cris- 

tolricrs. Liccr~sir~g agrccrricnts t~s~la l ly  s~ipula tc  thc c u t  of t tic1 proclr1c.t its it f~ i r~c t io r~  

of the riurn1)t.r of scr\.crs rtquirccl. the r i u n i h  of clicrits and thc nur~itx'r of-courscls. 

.4clditiorial chiirgcs rriiiy bc associatcti ~ v i t h  installatiori services, ot~goir~g tr~hriic.al 

support. vr>ritlor custorriizat ions. cmnsr~lt ing. and trairiing. Hartiwarr~ pl~rchiisc>s rriay 

also 1 ) ~  rcyuircti i r i  ordcr to ac.c.or~~r~ioclatc thc systtlrri rcquirorricr~ts. 

-411 aticlitio~~al stlr\.iw offcrtd hy sorric vcr~clors that 111ig1it of i~itt'rost to wrtiiir~ 

orgariizat ions is host in:: the \\t~bl);t.;ccl Icarriirig tbriviror~rr~cr~t. This rritwis that the 

\,cricIor ahsor t )~  ttic costs f r the server side hardware and for the tcch~~iciil acirriinis- 6 
t ration of t hc Icarrii~ig er~\.ironr~icnt. Sorric. \.critlors 111ay iilso tw iiblc to offcbr scww or 



Organizat ioits 

and thcr; find the 

Table 1.18: Future direction issues 

,r 1ea.w at attractive prices. 
ip 

rnust i lrtcrr~iir~c their budget for a \Vc1)-1)asctl learning cnviror~rwr~t 
d l  

applicatioti that hest rwets??kir iicnls whilc respecting tlioir h d -  
Z I 

gct. Organizations arc cmcouragcd t o  look 1)qwncl tho licw~sirig c ~ t s  of a \\:>I)-1)ascd 

lcarnirig mviron~rirmt to  try to ascertain the rtal cost of atloj)ting a \\7cl)-t)ascd lwrn- 

irig cn\ironrricnt. rcalizir~g that thc costs associatetl with using a \\t~b-\)asotl 1~arrii11g 

criviror~rlierit might outweigh ttlc costs of acquiring it. Organizations should factor 

4.1.17 Future Direction 

I t  is often tlific~~ilt to  know ~vliwt funire tlircc.tiori a vendor plims to take with its 

application. Orgariizations scr ious l  corisitlcririg thc acloj~tion of a \\vvl>-t)ascd Icar~iing 

e~ivirorinitwt sho~~l t l .  ho\vcvrr. r i iak~ a11 cffort t o  ~indcrstaricl a vcmdor's j)larls for its 

aj)plic.atio~i. .A good vcriclor will t)c forthright with its i~itcwtio~is. 

\Iiriir~ially. orgariizations co~isitltring t hc adoption of a I~arrling c~iviror~rricnt sho~iltl 

dctrmiiric whcthcr a vcridor has any frit~ire plans for thc aj)plic.ntion. \lariy j ) l m r ~ ( d  

softwart' j~rojccts ricvt'r arc rc~l(~itsctl arid rriariy of thcb rc~loasccl softwar(> aj)j)licatio~~s 

ricvflr gct ~ipgraclctl. Organizatioris should f a v o ~ ~ r  Iearnirig i~rtvirorlrr~crit vt'11tlors who 

a r t  c v r r i ~ l i i t  t ccf to su j)j)ort irig their j~roduct arid zelci~sing a t  Icast orlt> 11 j)graclrd vcmion 

of t tit. applicatistri. 



.A vendor's rcputatiori is w x t h  corisidering wheri asscssirig its future plans. i im-  

dors with a good reputation for supporting their products arid providirig reliable 

upgrade paths are probably niore like-ly to do the same for the current applications. 

they sell. Similarly, orie is more likely to  receive good Custorricr scrvicc from a vmclor 

who has a good track record for its customer service. 

1-cnclors who are cornmittcdl iscr-centered design a r ~ d  who arc conirnit tcd to  

incorporating an organization's s~lggcstiorls for irnproverricrtts in future relcascs should 

be favo~irocl as thcir proc111r.t~ arc rriorc likely to evolve in the clircction that the 

custo~ri(~r  clcsiros. .Although srriallcr or newer vendors rnay rlot havc an cstaf)lishrd 

rcputatiort, they arc sorrictinics more flc~it)le on this point than l a r p r  vendors. If orie 

c ~ i s t o ~ ~ i c ~  rcprrwrits a larger proportion of rriarkct penetration for a vcr~,dor thc.11 that 

custorric>r rnay havc a 1011dcr voice in the t1volution of the procl~~ct .  

Tal)lr. -1.19 s~~rrirriarizcs tlic clirncrisioris of thc cor~iparisor~ frimicwork. Tlic rwiain- 

dcr of this cltaptcr proposes way . of wing thc coniparison fr;micw)rk. 

4.2 Using the Comparison Framework 

Iearrtirig cnvirorirri(~rit. \\*hilt indcpcntlcnt c\.alriators sue-11 as trade niagazincs might 

firid va111rl i r i  rcfcrrir~g to the franicwork' on tlirncrlsions to uncIcmtm(1 tlic 

rang(> of iss~ios that need to he consiclc ornparirig lcarriirig cnvironr~~t~nts ,  

the fra~~icwork is not spccific.ally <Icsignccl rt the type of coniparisor~s they 

usually rnakc. One group of evaluators can ,lare that a learning er~vironrrttwt 

is superior to  all others bt.ca~tsc a fair comparison rri~ist t)c sit~iatccl i r i  thc c.oritc3xt of 

thc potential adopter's cri\.iror~ntcnt. Diffcrcrit orgariizatioris will havr. cliffcwrtt goals 

artd priorit its. so hlariktt statcrlicrits about the merits of c~!n_jwtir% solutiorts art3 not 
. . .% 

1twf111 arid they will riot 1)e fo~irid i n  this work. 



Tablc 1.19: Tht. scvcntccn clirncrisions of thc co~nparisori frarrirwork 

1. Facilitating 
a clircctlv facilitating learning a spcci;tlizctl scaffol(li~ig 

a support for fac4itatirig Icarnirg 

2. rjognit ive apprenticeship 
a interaction with co~nrnunity of practice a authcr~tic activities 
a n~cclianisrri for oHs mirig others 



Table 4.19 ((writ.): Thc scvcntccn dirricnsions of the comparison franicwork 

6. Course authoring 
course structuring crtlatirig trsts 
iritcrfxc with siniulation software creating a(-tivitiw 

7. Assessment i 

traditiorial 
rriultiplt~ r1ioic.c. fill-in ttic tjlank, matching, short ansncr, cssay, siniula- 
tions. autorriatcd grading, flexibility, fcctlt)ac.k, gratitl t)ook 
riontradit ional 
p t w  cvalliation, portfolio asscssrnerit, (lcsigriirig iristrwtiori 

8. Tracking 
l i~ in ia~i  tisc 4' 

iritfi~~itl~ial arid group irittwctioris, da ta  rriirilrig. clat;i analysis, rrportirig 
systcrri list. 
autorriatic. tuning. c - o n t t ~ t  st~risitivt~ CI, atlapti\.tb CI, clyriarriic glii(lari(.(~ 

9. Ethical and social issues 
tlt~pcrsorializatiori o f  lcarriirig fair acccssit)ility 
privacy irit  t.llcc-t ~ i a l  proptlrt>. 
rrioriitori~ig 

10. System requirement 
clicrit . / - 
s~ipportcd browser type. rcconirncntiod t)rowscr version, cxtra softw;-trc 
rcquirccl. supported platforms, niachirir sy)ec~ific.atioris,rt~(~o11irrif~ri(1~ r~et-  
work wnriwtion, rriultirnt~dia harclwarc r cqu i rd ,  cxtra liartlwarc rcquirctl 
sflrvcr 
rriac4iiric spc(.ificatiori. re~or~irrit~ri(lt~(i ri~~twork corir~f'ctiori, tlxtra softwarc 
rcclliirf.cl 
rictuurk 
1)anclwiclt h 



12. . Integration 
'. ,?a iritclrriai i~itcgriitiori 

- -  - 

13. Customizability 

14. Support 
cloc.11i11critat io~i  
call c ~ r i t  rr>s 



4.2.1 Developers 



provcrnmt arid growth.  T h t  tfirricnsior~s where a cicvelopcr's solution a rc  rclativcly 

s 

Iwrnirlg c>rlr.irorlrnc>nt solrltiori as c a p t ~ i r t d  i r i  t h e  cmnparisori frarrirwork. Thcro is $" - :  
. ,, S , ., 

' F & . % L . %  
r ~ i ~ i d i  rriok) t o  t ) r~ i ld i r~g  a good It~arriirig crivironrnrmt thari t hcrc is t o  huildirig a good 

4.2.2 - Adopting Organizations 

3.  gathcr  inforrriation ahou t  thc  candiclatc Ioarriirtg onvirorirrit~rits: 



Tahlc -1.20: Five steps of the adoption prowss 

Prioritize 

0rg;miz;it ior~.ss ivill  prol)iil)l fir~cl tliat t11v 1110st cliffic.lilt i i l ~ c l  c.rit ic.iil sttbl) i n  t 11cl ii(IOi)- 

tion prowss is t~stiil)lislii~~g prioritiw. I f  ;i \\'('I)-1);iscd lv;ir~iing t ~ ~ i v i r o ~ i ~ ~ ~ c ~ ~ ~ t  rtyroscwts 

nlorrk t l i i i ~ i  ii trivial i n \ . t ~ s t r ~ i l ~ ~ ~ t  of rvsourws for ;in org;ini/atio~~, i t  ~ v i l l  W i t l l t  to 111iiktl 

ttic l)t>st choicw possil)lv. To c l t ~ t t ~ r ~ r ~ i l ~ c ~  its priorititls 1)rol)vrly. ;in o rg i i l~ iz i i t io~~ '~  (I(>- 

(,isio~i 111 ; ikm 1111ist (~ori.ss~ilt ii rfll)rt>~('Iltiit i1.c ~ii1111)lf '  of vvt>ry t y l ~  of ~ v t ~ ~ i t ~ i ; i l  1isf1r of 

t l i ~  sJ.sttlm. This p o i ~ ~ t  rritlst strc+wtl l)c~.aliso soft\varc plircliasi~~g tl(1c'isioris iircl 

ofttlri I I ~ ~ ( ! o  ~) tw~jI( '  ot hr'r t hiin t h~ hoftuartb's riwrs. Sirit,c> t 1 i c ~ ~  pc~)~) l t '  iir(' llslliilly 

riot int i~~iiit( ' ly fii111iIiiir wit 11. ~ i s t n '  I I ~ W ~ S .  tlivy I I I i i J r  110t priorit izv thvir Orgii~~i~ii t  ion's 

r~ (wls  a(ruratc1y wit holit dir(1t.t input fro111 wd-usus .  

Thcl c.orr~parisori fr;ir~it~\vork 1v;ts clcsig~~vtl to proviclv ~ ~ i i i ~ i ~ ~ ~ l l ~ l i  (.0v('riigt1 of t t l ~  

to o t ~ i  a \ a s  I i r i g  i v i r o ~ ~ ~ t .  Ttiv fr;i~ricwx)rk is 

t d  to g~liclv o r g m i z a t i ~ ~ ~ s  as t11ty c~stiit)lish tlic'ir prioritivs. Orga~ii- 

zations c ~ ~ i l d  ~ i s o  t h(3 friirl~oivork iri  rr~iirflT'w~s to g~liclcl thvir clt>c.isior~ r i d i i ~ ~ g  t ~ t  t h t y  

iirv strongly criw~iragwl to iri\mIvc thvir usor3 i n  \vh;itmx~r m(~tho(1 t l i ~ ? .  ( , l ioos~.  TIIP 



Figure 4.2:  Adoption process da ta  flow tliagrarri 

groups Srrlall focus grouj)s (c.g. 3 10 pcoplc) can bv a-sscnit)lccl for each role i r ~  the 

organization that is affcctctf by thc lcarriing rmviror~rntrit. TIVO irnportii~it roles that  

thc] focws groups. Thc focus group Icaclu-s could thcri ir~tcgratt> cach of tho groups' 

r~~corr~rnt~rltlatioris into one cwhcsivc set o f  prioritics for the twtirc orgii~~iziitio~l.  This 

set of priorities sho~lld bcl \.aliclated in a scssiori irlvolvir~g rcprcwrltativ~s fro111 cvwy 

role affected by thrx acloptio~~ of t tic 1t.arning criviror~r~icnt, arid tht. prioriticbs should 

ht. rctvorkctl iwd \ d i d i i t d  agairi ~5 r~cccld .  

TLc I)cr~efits of in\.olvir~g a11 partics affibctctl l)y the introcluc.tion of a L\'ctfil)asccl 

lvarning enviro~lrric~it arc many. First of all. thc tirial prioritizatior~ is I I I I I C ~  I I I O ~ C  

likely t o  rcprcscnt the true valucs and ncccls of cvtryonc cmnccrr~ccl then if  a srr~all 



Identify 



Gat her 

Orga~iiz;utio~~s rriust gat ht'r ir~forniation ahout each of thc \\+-hsccl lcarrii~ig cnvi- 
!> ronnients i t  iclc~itificd as cancliclatcs for adoptior~ to  t)c atdc to tv~ lu i i t c  thcrr~. If i t  is t 

rnaclt ai.ailat)lc. sorrlc3 of this inforrniitior~ can t)c rcrlsccl by other orga~~izat ions ~ v h o  use 

t he cornparison frmiowork to assist in selecting a \ \ . b - h s t ~ l  learning c w v i r o ~ i ~ ~ ~ e r ~ t , .  

TIIP goal of thc fact-firiclirig ostwisc is to gather c ~ ~ o ~ l g l i  i r ~ f o r ~ ~ ~ a t i o n  a t m ~ t  (.an- 

Evaluate 

The1 (l\.ii111>iti011 S ~ P I )  of t 1 1 ~  ~(10pti011 prowss ~ ~ ~ c w ~ ~ r c ~ s  t i o \ ~  IVPII  ( . t i ~ ~ ( l i ( l i i t ( >  \ \~f~l)-I)ii~t~(l 

I o m ~ i ~ i g  onviror~~ricnts support arl orgariizatiori's priorities. It I I I ~ ~ P S  IISP of t h t ~  (WIII-  

p r i s o n  frarncwurk iis well as t t h ~  o11tp11t from the ot t~c>r stcps of ttic aclopt io11 proems. 

11ii111(3l>.. t 1 1 ~  organization's prioritics. thr, cancliclatt~ I t>; irr~i~~g i ~ ~ i v i r o ~ i r ~ ~ e ~ r ~ t s .  anti tlic' 
' 

inforrr~iit ion giit hcmvl ; i I ) o ~ t  t'iic'h c.aridiclatt> Icarning c~l~~. i ror~rr~twt .  

T l ~ c ~ o  mb It l i i r l> .  ~rit~ttiotis that organizatior~s coultl 11st) to tl\.all~ntc \ \ -( ' t ) -?) i~~(l  

l(l;irr~i~ig t ~ ~ ~ v i r o r i ~ r i t ~ r ~ t s .  Theso stiulild. ho\vcvtbr., he1 itcutiv(1 an(1 ~~s(~r-c .~r t t t~rc~t l .  

Itcrat i1.c ~ricthocis ~r~iriirliizc the arnolint of work required to clt~tcrrr~inc~ t tic s11it;iI)il- 

ity of a \\ 'ct~t)ascd lear~~irig cr~viro~~rri tnt .  Rathcr than fl~lly c v a l ~ ~ a t i r ~ g  cvcry initial 

c.a~~cliclatc Icarriirig e ~ r ~ v i r o ~ ~ ~ r i c r ~ t .  ti11 iterative approach cnat)lcs evaluators to c~1ir11iri;ito 



unacccptat)lc canditlatcs early in t h e  process. 
.#- 
2.: 

Thosc who will tw rcsponsihlc for t h e  evaluation nccti to use thcir twst ju(1g11ic~rtt t o  



Compare 



Fig~i rc  1.3: Sarnplc graph for lcarriirig crivironr~icrit .\' 

Satisfa'ction 

Importance e 

Facil~tatmg * Course authoring v System requirements - Support 
Cogn~tive apprent~cesh~pn Assessment -Lo j%&ustness 8 secunty * Tramng - 
Collaboration 0 Tracklng x lntegratlon A Business . User ~nterface A Ethlcs + Customuab~l~ty I Future d~rect~on 
Personal workspace 





Chapter 5 

Discussion and Conclusions 
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C'H.4 PTER 5. DISC'[-SSIOS .4SD C'OSCL CSIOSS  
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a f ~ i v  I t ~ a r ~ i i ~ ~ g  ~ n v i r o ~ ~ ~ n t ~ ~ ~ t s  l ) a ~ ~ l  on t tit1 a11t11or.s 01)sthrvat ions. 11icl11(lirig ii (.uIlil)iir- 

iso11 t)asccl 8 0 ~ i  a firtiorla1 scenario was onc possihilit? that \vits coi~sitlcwcl 1)11t i t  \viis 

r t ~ j t r t ~ ~ r l  t)wa~iscl i t  did not swrri t h i ~ t  this wo11lt1 iitf(l  nir~cti \ .a l~~t .  to  thv thcsis sinrt. 

r~rg;iniziit ions \v0111d st i l l  11ai.t to  do t heir ( ~ V I I  twnipitrisons. Furt h t ~ t i o r c .  si11c.t. I I V \ V  

rr>lf)aht*s a ~ c l  I I ~ W  offc'ri11g.s of \f.'~t~t)a.sc~I lcarr~ir~g c r ~ v i r o ~ ~ r t ~ t > l ~ t s  appear so frt~clutwtl!.. 





Appendix: 

Web-Based Learning Environments 

I C'BT Systcr~is I 

I Vendor 

. 1 C'SILE 

Product 
I 

1 At l ~ o r ~ a  Lr~iv(~rsit>. 

/ Ontario Irlstitutc for Stu[lic)s i r ~  Etluc.;itio11 1 

Contact Informationa 

\'OL Svrvicw Iritcrr~atiorial 

\vn.n..at 11rma.cdu 



Product 

1 LOIS 
I 

Vendor 

Contact Information" 

IBlI  

ike.t~rigr.waslii~~gtori.ccl~i/igc* 

Gart 11cr Group 
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