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: The! xtensiaﬁ of :amputer hased communication to the
more task-focused coamunication required by groups involved in 3aint
[roblem solving is discussed in this paper. Spec;f;cally, it
addresses three areas: (1) the aspects of the joint problem solving
that 'are most suited to computer based communication support, (2) the
computer based communication facllit;es that are needed to undertake
-the problem solving tasks, and. (3) the facilities that might best be
structured tc promote communication through the display of
information, group interaction, and the storage of information. In
particular, it discusses the capabilities of the HUB system, which

has been specifically designed to support such communication. In
~conclusion, it pr=sents some preliminary findings from a csntﬂnu;ng
evaluation of the systen’ based on, the experienges of. a number of user
groups. (Authc /FL)
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Abatract. This psper dlscuaaea the axter‘nsiﬁn nf camputer basad curnrnumeatmn»‘ i

| ‘to the’ mure tasksfacuaed cgmmumcatmn Peqmrad by groups mva!ved in joint prablem‘ o

salvmg. By ana!yzmg the types of cummunlcatmn involved i 1n each stage af the prub- S

lem-salvmg process, we aglect the aspects of lent pmblem salvmg most SUltEd to

'» camputerabased communication suppaf-t In ﬁ'!mtlcular, we dxscuss the capablhtles

af the HUB system, which has been speclfically designed to suppm‘t such; cammumca—

tion. Fmally, we present éame prellmmary fmdlngs from an. Qngmng evaluation of

., the system based on the expenences of a number of user gragps,

* ' ’ . ' . . :
: ; . - ) e

INTRODUCTION = * - R A ha

i

Vgi‘iausfnrrﬁs of car’nputaribaéed c‘nmmunicstibn have been develaped 'EQ aid

cgmrﬁumcatign amtmg a graup of people Electronic messaging (or eléctrehlc maxl}

and cumputér‘ based conferencing have beén the principal Eﬂg'lrnumcatmn mEdES . :
‘to date. (1) Tbenr uses haye. varied frem message exchange to group dlscussmnsi R
Yet, for grnups with hlghly défmed ijéctwas, them usefulness has been hmlted
. T l

Hnwever, the camputer also uffers the pramise of 5upp@rt1n§ mor
r:nmrnumcatnan; Two examplés of such structuréd ommunication are the davelnpmem
of computertbased graphics and'its extension to mi@ple users (2, 3), and the ablhty
to write and edit documents jointly. (4) While these types L# cammunicatmn may

at first appear rather dlsparaté, in fact they are examples of dszereﬁt modes of

&

cnrﬂputér based communication that could be used by a graup mvalveﬁ in Jmnt pm’blérﬁ

..solving. j‘ﬂ . e

In this paper we address three SpEElfll; quest}gﬁs at the core of exter‘ndmg :Dmpu— —

‘ter-based cpmmunication to a more task- fncusad ccntext, N

L



- What aapeets of jumt pmblam salvmg are rncst sulted t@ compu
based eummumcatxnn, suppart"?‘

.

uter
'

|

A a =L . \ :
-' . ) oo R ' \\ N -

[ t :

What cgmputer—based cammumcatmn qu.‘llltlES are needed to undertake

: these prablerﬁ-agl\zing tasks’-’

.
! [
i

- Huw might the facilities best be atru;:tured to pmmaté communie
¢ through the dlsplay nf inf

a\fmn
ormation,’ graup mteractmn, and the: starsge
A Df mfarmatmn’7 ‘ \;A
; ( CDMML!NIE@TIQNANDJDINTWF’EDELEM S:DLVI'NG \

4
PN

glnt
prablem—sglvmg prm:ess and on the varmgs forrns Df cammumcatmn (verbal textual,

Tn answer the questmns we have Palsed, it 15 lnSEFUEEIVE to ﬁ:qus cm the ] '
mathematical, and visual) involved. (5) A number of taxonomies have been prapﬂsed

tasks in JDlﬁt problem solvigg mclude.

. R
o ;‘ . ) . . . i\\

to descnbe group problem-solving processes. Briefly, the generally agreed upan
(i‘onceptuah:mg An essent;auy verbal cammunlcatlon Ecthlty that attempts

R
wd

to shape a diverse series of gcmt:erns into a tractable, Sgréeﬂmpon farmat*

3

Searching. A task, either structured or unstruct

icturedy in which prablem baund= SR
arles, key issue areas, passible approaehes or methods, aﬂd i
Eonstramts are delineated;

T portant varlables and \\ A
:\ Strucéturin . A formal or mformsl pracess‘t’a\detérmme the extent and type - \\
V! Qf interactigns amang the set of variables.’ It is alan a flrst step taward pmv;dmg
\ ‘f a fr-arﬂewc:ré1 or structure’ fq; the proposed pr&blem methodology;
o C |
\1 Implen nti

lementing. All problem solvmg involves implementinga proposed design
agsmst a known or postulated situation. Thxs ﬁrocess may range from ﬁ::rrnal predic-
tion to replicatmg an existing state;

5

validation, refinement of appma(:h and testing;

N ﬂ

Evaluatmg. The results of the melérnentatmn EI‘E fcrmallzéd to mclude maodel




i; These v:hara:tens-

pmeeﬂﬁ tu the gruup prnblép‘i-salvmg l;asks and then tu: u:lerLl y a nun EI‘ af madify;

mg charaeternstica that describe -each basie cornmunication f

" ties include: * . : T S l : v
A | .

?Cnmmumeatmn channel aptmns - face—ta—fsce, au

! ,_Complgxitynf information content.

liq only (telephakﬁ\é);

v—»—-—&_

audla-textual (facslmlleltelephané,faudxu conference electronic black-

board); textual-visual (meetlngs) textual (mail). p

*'““;T'TT

L

Lavel of partu:lpatlﬂn ~-- one-to-one; une-tn-many (forma orgamzed

meeting); manyﬁtaemaﬁy (fully interactive).

Time delay in responding to a message -- zero time delay (synchronous);
{arge time lags (e.q., one= <to-one an d synchmn@us) o !
Frequency of mformatmn exchangei - \, N

-

Camput‘er based communication is best suited to those ‘tasks for which face-

 to-face contact 1§-n(:at ESSEFIEIEI but an interactive capability is required; time delays _
are acceptable i nn respandmg to 1nput, and highly structured, written. respanses are
appropriate, In terms of-the basic group pmblem=sglvmg tasks, then, structuring,
evaluating, and dﬂcumemmq appear to be highly amenable to computer- -based ap-

proaches. anlementmg, unstructured searching and c,nnceptualnz’fng, however, appear

to be less améﬂébléa Given this context, a cgmputér-b ased communication. systerﬁ,

HLJB, has bgeri daveloped to test these hyptheses.

3
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 THE HUB SYSTEM: SUPPORTING PROBLEM-SOLVIY QTASKS

Tha HUB systam pruvndes four, types nf camputer-based graup qcrnrnumcatmn :

N

prugram (6) gt-aphleal cnrnrnumcatmn through s shared wsual space, commumcatmn

e “fucused on the runmng af camputer pragrams thrnugh Its’ program wnrkspace, and’

_ cgmmumca;lun fa:usgd on the creatmn and edltmg nf a da:umgnt m its dacument

wnrkspace
i 13

HUE prnvxdes

fai‘ task- fm:used co

able to the pértlcular cumputer—based resources avallable to each user group. Its

i

:!;

SO

he enmmumcatmn ﬂverlay and mfarmatmn starage structure

rnum;catmni It is independent. of the typa of graph;cs package o
used in the shared. vxsual space (aalde fram the ‘fact tllat the gI‘EPhlE m‘!age must .
ultlfnately be stored: ss a file of pr:rr;ltwes) of the type of prngrams used in the
.program wnrkspace- and. of the editor used in edltlng a docurﬂent. Th;sﬁfnakgs the
HUB system both e,xtremely flexible in the tasks.for: whu:h it can be used and adapt-

&

relatmnshrp to the’ vanags comrhunication forrr;!s is shown in Table 1.

k]
5

,fl
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e Table 1. Pmblem-Eolvmg Tasks, Cnrnrnumcatmn n Forms, and H&E Madules
Problem—Salvmg o f , _ o : Most Apprapnate
Task el Communication Form 7{ HuE Module
Conceptualizing verbal - ﬁnstﬁructureé o : |
T _ : textual . == " free form PLANET conferencing
~ Searching _verbal --Y, structured , o N
verbal -~ .unstructured _ - L o
textual . - --  free form ‘ F—’LANEfcﬂﬁféréncingf
visual -~/ pictorial | Shared visual space
Stryeturing, verbal - structured A R _
textual- -- formal * PLANET conferencing -
mathematical -- - symbalig_ Program workspace
‘ visual ==~ graphic Shared visual space’
Implementing - textual L formal- PLANET conferencing -
‘ ! 'mathematical  --  numeric * ' L
— o mathematical -~ .symbolic
Evaluating - ‘mathematical " numerié : Program workspace
. . visual --  graphic' ' :
o visual --  pictorial’
-Documenting verbal --  structural . : .
7 - textual --  formal " Document workspace
\ ! visual .. --  graphic '
visual -=  pictorial



o and cnmfneﬁts as an entry;\rewew by el ry numbe:, plcture ﬁame, authar, daté,

N real txme or a' ‘ﬁ delsyed b3515* ask queat‘mns to be aﬁswered as'a “yes-nu-abstam" -

'vnts, an easay, q;number, or an uncertam ﬁurnber, feed back answérs te questmns_ E

jentry nurnber, authqr, dste, (:Ir keywuf-d, and chsplay the full text hy fxrst n hnes, o .

no hesdlngs, ar hesd:ﬂgs only. .

2 mg, stbre the res\ul‘tlng plEtLlf‘E pr:rmtwes

ar the comments alune.

{ : 'i.':

L

quram WorkSpace. Run\lacal ‘or remnte pragrams Jmntly, exchaﬁge pubhc,

prwate, or’ annnyrnnus messages whxle runnmg, rec@.rd thé traﬁscrlpt as an entry,

review by. entry ‘number, prﬂgram “@me, authar, date, or keywnrd and dlsplay the

full transcrlpt wn:h no cgmméﬁ'ts ar tgmmernts @nly. '

Lo
\

— Di:rcu'" W sgace. Edlt (gr greate) dncuments jointly; exchange publn:, _

‘prlva"’te, or’ anonymnus messages whlls‘\e,dltmg, recard the dccument changés and

cnrﬁrﬁents as an éntry, rewew by entry number, document name, authar, date, key-

A wgrd or page number of changes and dusplay all the’ changes ahd cammerits, or by

ﬁrst n lines with no comments or. cnmments only, print dDEUFﬁént pages.

—.'&‘-

| IEST% WITH USER SEQ Ps:?i;s?ézuwmgﬁv FINDINGS

% ’
Tests of the HuUB system bégun in 1979 have lnclgded both p:ellmxngry in-
hauae appllcatmns and field tests with. external user groups. For the preliminary’

trlals, staff members werg, given tasks that requxred thg same kinds of information

"exchange’ that might occur in group problem solvmg. In addition, a cnmputer -based
‘ workshop xﬁvel\ung planners and researchers from' fﬂur geographically dlstant cmpora-
txons was held. thle these m-house appllcatmns have. proven useful, the fleld tests

:"are servmg as the basis of owur ’Farmal evaluatmn. o

[
i

B



- and Masaachusetts Ehat are usmg HUB tt: do a Jmnt translatmn of a camputer lany
guage- a network of- Navy stnratnnes, NALQDN ln ‘whioh representatwes from

‘each lahgratary jointly dxacuas and wnte reports uslng the PLANET and dn:urﬂent 2\

R warkspaes madules of HLJB; and twa graups in the’ Camputer Scierice De;:artr‘nent

~of the Universxty of Utah, wha work i(n the Data Driven Research Pra;ect and the
C‘omputer-Axded Gagmetru: Dessgn F‘PDJEEE. . :

These sppli:atmns, wmle nnt 1mmedxately ger’nerah:able, are'prawdmg majar
1nslghts mta the dlfflcultles and prmc;ples of desxgmng a:system for tasks mvalvad

structured l:hml-r:lng, the dﬂmgﬁ af the egmputer-baseﬂ facnht;es rnust enecurage
~both kinds of thc:ught pracesses. It must be highly 1ntegrated, yet flexible enough
‘to’ ensure a creatlveE@text for.the use gf all spemfu: ﬁgnctmns. The f?ig:tlons
themselve,s =i.e., the wmkspace“madules and partlcularly the rograrn workspace;- f L e
. rnust hnwever, be hlgh)y structured We fgund that wnthout mueh internal structurei, '
users had no- ldea hq}u to apply the capsblhtlgs of a workspace to theu‘ own ﬁaak.
In earlier Ers;ons of H;JB, for example, there was an actual separation of mndules!
Hnwever, even though the SWLtEhlng mechanism was v’ery simple, results ofiuser
test grou;:s indicated tﬁat such a separation ¥ cammgmeatlén modes hindered the
prublemssnlvmg prncegs “People had difficulty movfﬁg from module to rnodule
They found it akagrd&L;n swntch for instance, from the conferencing mudulé to ‘

i ;
_the program warkspace Fnodule in order to carry Qut a different aspect of the. same -

*task. When EDITIIT!Uﬁ! ‘§¥lon was syno:hrunaus, the group leader had to coordinate

“re group at the same tlme, at the same pace, thmugh a

not uSEdi %

Further, users pla' ea hlgh value on system integration. Théy felt that an
' 1ntegrated systerﬁ shnulﬂ d rely on carnrnands at the same level with as few rnadules

as podsnble. This would. rnake shifting from one kind of task- focused eommunication

o [ . .
' LA 3 : } #
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_ I was alsn recngmzed I:hat a more 1ntegrated syatem would bé a more ﬂexlble -
#aystem. Flexublhty can abvmusly ba a pnaltlve feature of design. A design shauld
_not’ 1rnpgse artificial structures on the users but rather allow users to mease thElI‘
- own habits and thotight pPDEESSEB on the des;gﬁ. Yet tl?re is a.fine line betweer‘r
’ taa rnun:h and too uttle structura_ If a snftware desxgn is too unstructured peuple
' tured, the spemfm wcrkspace E‘Epabllltlés had tu: "be well defmed. The cnnferencmg

" _capabxhty and the. dacument capablhty ﬁased ngprublems. .Users, however, did have

js::jr’rie dlfﬂcultles in mcarpnrgtmg the program workspace in their activities. This .
’ présented an addltmﬁal design prnblem. pravldmg specific tools 4t:(:l make the prr_)gram

workspace useful

CONCLUSION

-
" The trials ta date have influenced the conceptual deslgn of the system: from
dlstlﬁt:t mcdules to an integrated, flexible structure. Current developments involve
matchmg specific computer-based tests and methads to the various prablem- solvmg
tasks and evaluatmg user response to these tests. The most promising areas of applica- .

tion are in the searching and structuring stages of joint problem solvipg. (7)

o ACKNOWLEDGMENT

. This materral is based upon work supparted by the National Scnence Foundation
undér Grant MCS 77 01424,

REFERENCES

f

‘C)HANS;EN, RDBERT "Interpersonal Communication through Computers:

. B

k] -




e

G'BRIEN MICHAEL T "A Netwnrk Graphlcal Cnnferencmg Systerﬁ "
‘/Cﬂmputer Graphlcs, Vol.'13, Na. 2., August 1979 : E

’ B |

=
=

- EAER A TURDFF’; M "Te:ﬁi Enhaﬁcement and Structurmg in Cnmputer

‘ .*'t‘;‘::nfefenmng " (F‘resented at the Conference on F‘rgcessmg Visible’ Language 2,

(8)

( tmn Systema." Pmceed;ngs of the Joint Engmeenng Canference,

ROR
~ tion Needs in Computer Mndehng." (F’resented at thé 1978 Winter Slmulatmn
‘Conferenice, Val. 1, Miami Beach, F‘lunda, Deeember L’L , 1978, Dlstrlbuted.)

| ©

@ .

gmversxty of Taruﬁtu, Torgnté Ganada, September 3-6, 1979.)

’ TJLE

Denver, Calaradu Dctaber 16-15, 1’978. '
LIPINSP{I HUEERT' AMARA, RCTY SPANGLER P{ATHLEEN “E‘amﬁnunu:a—
Y

VALLEE,. .JACQUES,; GIEES ERAD-FDRD "'ﬁ)istriﬁuted Maﬁégement of Scien-

tific F‘rmeets* An Analysxs of the Camputer—Cenferencmg Expenmenta at

NASA." Telecnmrﬁuﬁmatmns l:’olu:y, Decerﬁber 1976

VTYDEMAN JDHN* LIPINSKI HUBERT' SF‘ANG SA?A. "Aﬁ Interactive Compu-

- ter-Based Appmac;h to Group Prablem Furmu!atmn." Teehncluglcal Farecastmg

snd Social Change (to be published). .

i



