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PREFACE 

The Committee on Human Fac tors was es tab l i shed in Oct ober 
1 980 by the Commi s s ion on Behavioral and Soc ial  Sciences 
and Educat ion o f  the Nat ional Research Counc i l  in 
response to  a reques t  by the Office  of Naval Research , 
the Air  Force Off ice of  Sc ient i f ic Re search , and the 
Army Research Ins t i tute for the Behavioral and Soc ial  
Sc iences . In  addi t i on ,  i t s  sponsors current ly inc lude 
the National  Aeronau t i c s  and S pace Admini st rat ion and 
the Nat iona l Science Foundat ion .  The princ ipa l obj ec
t ive s o f  the commit tee are t o  provide new perspective s  
o n  theoret ical  and methodo logical  i s sues , to  ident ify 
basic re search needed t o  expand and s trengthen the 
sc ient i f ic bas i s  o f  human factors , and to attract 
sc ient i s t s  both ins ide and out s i de the f ie ld to  perform 
needed research . 

Human factors i ss ue s  arise  in every domain in wh ich 
peop l e  interac t with the produc t s  of  a techno logica l 
society . In order for the c ommi t tee t o  perform it s role 
e f fe c t ive ly ,  it draws on the a s s i s tance of  experts  from 
a wide range of s c ient i f i c  and engineer ing d i sc i p l ine s .  
The commit tee inc lude s spec ial i s t s  i n  the f ie ld s  of  
p sycho logy , engineering , b i omechanic s , c ogn i t ive 
sc iences , machine int e l l igence , computer s c iences , 
soc iology , and human factors engineer ing . Othe r 
d i s c ip l ine s a l s o  part ic ipate in  working groups , 
workshop s , and sympos i a .  Each of the se d is c i p l ines 
cont ribute s to  the bas ic data , theory , and me thod s 
requi red  to improve t he scien t i f ic bas i s  of  human 
fac tors . 

vi i 

Copyright © National Academy of Sciences. All rights reserved.

Research Needs on the Interaction Between Information Systems and Their Users:  Report of a Workshop
http://www.nap.edu/catalog.php?record_id=19358

http://www.nap.edu/catalog.php?record_id=19358


At  the reque s t  of the Informat i on Sc ience and 
Technology Divis ion of the Nat iona l Sc ience Foundat ion, 
the Commi t tee on Human Factors organi zed a workshop to 
de f ine the res earch required t o  improve the inte rac t ion 
be tween informat ion sys tems and the i r  users . F ifteen 
spec ia l i s t s  in the fields  of human fac tors, cognit ive 
s c ience s, and informat ion sys tems met for three days in 
Washington, D . C . , in Oc tober 1983 .  The workshop 
part i c ipant s were reque sted to c ons ider what bas i c  
exper imental re search would  achieve a better unders tand
ing of the effec t s  of the c harac ter i s t ic s  of informat i on 
systems  on how people use  those sys tem s . The fol lowing 
spec i f ic obj ect ives were s e t  forth in the invi tation t o  
part icipant s : 

o To define the charac t e r i s t i c s  of informat ion 
systems that d i s t inguish  them from other sys tems 
in t erms of  the i r  p urpose, func t ion, and 
st ruc ture; 

o To e st imate the t rends of future techno logical  
deve lopment s that are  l ikely to affect  the  nature 
of informat ion s ys tem s and the i r  use; 

o To def ine the s ignif icant behaviora l and 
cognit ive i s sue s d irec t ly related to the 
int erac t i on between informat ion systems and the i r  
users; 

o To exp l i cate the effec t of ins trumentat ion on 
experimentation and i s sue deve lopment; and 

o To formu late recommendat i ons and j u s t if icat ions 
for fundamental experimenta l  res ea rch most 
necessary to  improve user/information sys tem 
interac t ion . 

In organiz ing the workshop, the Commi ttee on Human 
Factors s tre s sed the fina l obj ec t ive--the formulat ion of 
recommendations for research--a s the p r imary one and 
charac ter i zed t he others as  play ing s upportive ro les . 
The workshop part ic ipan t s  were a sked t o  ident ify what 
they cons idered to be s ome o f  the mos t  important i s sues 
but were not asked to rank wi thin that set . 

A background pape r on the obj ec t ive s was d i s tribu te d  
to part ic ipant s prior t o  the mee t ing . Each part ic ipant 
was asked to prepare a brief, informa l pape r rel at ing t o  
workshop obj ec t ives  tha t  a l so c ou ld b e  d i s t ributed to 
other part icipant s be fore the mee t ing .  Thi s  repor t 
draws from those pape rs as  wel l  as  from d i scuss ions and 
s ubsequent corre spondence among the part icipant s . 

vi i i  
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INTRODUCTION 

Informat ion techno logy means computers and 
communicat ion . I t  i s  the techno logy o f  processing 
informat ion and of  moving i t  from p lace to p lace . The 
rapid i ty with which this  technology has been devel oped 
over the pas t few decades  is unprecedented . Moreover, 
wha t  has happened was not ant i c ipated by even the most  
astute  observers .  

Many factors have contributed to  the exp los ive 
growth of thi s t echnology, prominent among which has 
been a series  of  d i s cover ies of how t o  bui ld 
increas ingly  smal l e r  and faster devices  for s toring, 
manipulat ing, and t ran sm i t t ing d i g i ta l ly encoded 
in format ion . Equa l l y  important as the deve lopment of 
the underlying techno logy has been the rea l izat ion of 
how immense l y  useful  the ab i l ity  to s tore, manipulate, 
and t ransm i t large amount s  of d i g i t a l  informat ion can 
be . Thus the deve lopment o f  informat ion techno logy has 
been prope l led by two forces--the push o f  technical  
innovat ion and the pul l  of  app l icat ions demand--and such 
deve l opment cou ld not have occurred if e i ther of  them 
had been m i s s ing . The near-term future development of 
information t echno logy should be no  l e s s  phenomenal than 
i t s  immediate past. The s ame two forces are s t i l l  
operat ive and l ike ly to  be for some t ime t o  come . 

The impac t of  information technology on our l ive s 
has  a l ready been perva s ive and profound, but i t  promises  
to  be even more extens ive in the  future. Mos t  peop le  in 
deve loped countries  are a f fected, a t  least ind i rect ly, 
by the many app l icat ions o f  this  t echno logy . As the 
app l icat ions  mul t i p ly in the future, t he ways in which 
the technology imp inges on peop l e ' s l ives wi l l  a l s o  

-1-
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increase . More and more func t ions trad i t iona l ly per
formed by people wi l l  be performed by c omputers; s ome 
j obs wi l l  be abol ished , and o thers wi l l  be created or 
mod i f ied a s  a re su l t  of further use  of information 
techno logy in the workp lac e . A growing as sortment o f  
information services wi l l  be avai lable to consumers . 
"Smart" devices  and automa t ion wi l l  become increas ing ly 
perva s ive . 

The number o f  users o f  informat ion techno logy and 
informat ion systems wi l l  a l s o  inc rease  exp lo s ive ly . 
Computer programming i s  a l ready one o f  the fastest  
growing o f  all  professions , and many peop le other than 
computer spec i a l i s t s  are us ing informat ions sys tems in 
the ir day-to-day world . They inc lude phys ic ians , 
lawyers , sc ient ists , and eng ineers as we l l  as many 
o f f ice workers , technicians , sales  people , farmers , 
wri ters , and agents o f  various sorts . Many peop le u se 
such systems because the i r  j obs  require them to do so , 
but many others use them s t ri c t ly by cho ice . By s ome 
es timates there are current ly more than 1 0  mi l l ion 
persona l computers in U . S . homes (Kolata, 1 982) , a 
f igure that does not inc l ude the computing c ircuitry 
found in many automobi l es and household app l iances . 

In short , increas ing numbers o f  peopl e  are f indi ng 
themse lves interac t ing with c omputer-based sys tems for 
the purposes of  creat ing , organiz ing , re trieving , 
evaluat ing , o r  transmit t ing informat ion. For many o f 
these peop le  both quant itat ive and qua l i tat ive aspects  
o f  this  interac tion are  fundamenta l ly d i f ferent f rom 
the ir analogue s--to the extent that there were 
analogues--of only a few decades ago . 

An obvious and o ften-noted reason for making 
information technology a focus of human factors res earch 
is the importance o f  des igning informat ion sys tems that 
are wel l  matched to the c apab i l i t ies and l imitat ions o f  
the ir intended users . Th i s  is indeed a n  important goa l 
of  re search and one that has inc reas ing economic imp l i 
cat ions , g iven the fac t that the cost  s tructure o f  
informat ion process ing has c hanged s o  much in recent 
years that today the t ime of  a pers on us ing an informa
t ion sy s t em is often more cos t ly than that of the system 
itse l f .  There i s  an economic incent ive there fore t o  
foc uson the problem of making e ffic ient u s e  of people's 
t ime . 

In addi t ion t o  the economics o f  informat ion sys t em 
use in the workplace , there are other important reasons 
for focus ing human fac tors re search on information 
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technology . We want to unders tand the technology and 
i t s  re lat ionship to human be ings we l l  enough to  ant ici
pate and influence its  impact on j obs , on organizations , 
on interpersona l relat ionships and c ommunication ,  and on 
human value s . The issues i nvo lved are comp lex , and 
effective invest igat ion of  them requires new ideas and 
innovat ive approaches . There wi l l  undoubtedl y  be s ome 
fa lse starts  and s ome t rial-and-error exploration ,  
because the territory i s  new and not we l l  marked . 
Pe rhaps  the mos t  ba s i c  cha l l enge i s  that of ident i fy ing 
the kind s  o f  ques t ions that should be asked . That too 
is l ike ly to involve some trial-and-error search--but a 
search we l l  worth making. 

The main purpose  o f  the workshop, from which this  
report c ome s, was t o  attempt to ident ify  some of  thos e  
ques t ions . W e  expec t ed t h e  resu l t  t o  be incomp lete; 
indeed, there was no way for i t  to  be otherwise . Our 
hope was to i dent i fy some reasonab le points o f  d eparture 
for research that wi l l  g ive us  a be t te r  understand ing o f  
the que s t ions that w e  rea l l y  should be a sking . 

The pages that fo l l ow are organized in terms of  the 
obj ec t ive s out l ined in  the preface . We begin with a 
sec t ion describing informat ion s ystems , the ir d i s t inc
t ive charac teris t i c s, and the ir func t ions . We then 
cons ider the t echnological  deve l opmen t s  involved and 
p roj ect future t rends . Next we d iscuss  behavioral and 
c ogni t ive issues e s sent ial  to unders tanding the capa
b i l i t ie s  and l im i tat ions o f  peop l e  who use  information 
systems . We then d i scus s  the equipment and method s 
needed to support research on user/ informat ion system 
interac t i on .  Th e  rema inder o f  the repor t  i s  a set of  
recommendat i ons for  research that  w i l l  improve our 
understanding of thes e  i s s ue s .  

CHARACTERISTICS OF INFORMATION SYSTEMS 

The d is t inct ivene s s  of informat ion sys tems is an 
importan t  is sue v i s -a-v i s  the iden t i f ication o f  research 
prob l em s, because only to the  extent that informat ion 
s ystem s  d i f fer  from other person-machine systems  w i l l  
the e f fort t o  understand them require research focused 
on the se type s of  sys tems a s  a c la s s . Do informat ion 
systems d i ffer from other person-mach ine system s  in ways 
that have imp l icat ions for research ? And if s o ,  how? 

In thi s  report we view an informat ion system as  a 
s y s t em whose  main purpo se i s  t o  s erve peop le ' s 
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informat ion needs .  Func tiona l l y , thi s inc lude s 
ac qui ring informat ion , organizing i t ,  manipulating i t , 
s toring i t , moving i t  from p l ac e  to p l ac e , represent ing 
it  in forma suitable for human a s s imi lation ,  and 
general ly making i t  acce s s ible  t o  those who need i t . 
St ruc tural ly , informat ion systems that make use o f  
computer technology to some s igni f icant degree are the 
focus of our attent ion .  

Computers are qualitat ive ly d i f ferent from moat 
machine s with wh ich we interact . We t hink of  machines 
as assemb l ages  of gears , levers , whee l s ,  motor s , and 
other hard components  l inked togethe r  so as to move in a 
coord inated fashion , when adequately  fue led , in the 
performanc e o f  spec i f ic phy s i c a l  func t ions : l ift ing 
thing s, bend ing thing s , pushing t hings , pul l ing things . 
They are devices  des igned to change energy from one form 
to another, t o  manipulate forc e s , and t o  accomp lish  work 
in  the proce s s . In the case  of comput ing machine s, 
energy t rans formation, force manipulat ion , and physical  
work are inc identa l, for the  moat part . Computers are 
de s igned to t rans form information s t ructure s ( symbo lic  
repre sentation s ), not  energy. They manipulate symbo l s , 
not forces . And what they do i s  more near ly anal ogous 
to thinking than to the performanc e of phy s ical  work . 

Because o f  these  d if ferences ,  what  i s  known about 
how to des ign convent iona l machine s t o  make them usab le 
in l i ght o f the c ap ab i lities and l imitat ions o f  t heir 
intended users  has l imited app licab i l ity to the problem 
of designing computer-based information systems . Unt i l  
very recen t l y  no one ever had occas ion t o  interac t with 
a machine that could  c orrect  one ' s spe l l ing, propose a 
diagno s i s  o f  a med ical  i l lne s s, o r  search through a 
legal data base looking for c as e s  relevant t o  a particu
lar lega l i s sue . To  be sure, much o f  what i s  known 
about the design o f  d i sp lays and input devices  and the 
l ayout of work space s is relevant to the des ign o f  
compute r-ba sed systems; however, as  the cap ab i l it ies  of 
these systems become more and more sophist icated, the 
focus of  attention for research is shift ing from the 
physical  interface be tween sys tem and user to the 
cogni t ive interface . 

One way to conceptua l i ze the interface between an 
informat ion system and i t s  user  is as an interface be
tween two informat ion s t ructures, one of  which res ides  
within the system and the other in the  user ' s head . The 
prob l em o f  in terface des ign then becomes that o f  fac i l i
tat ing the interac tion be tween these  informat ion 
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s truc ture s .  Th i s  way o f  viewing the probl em promp t s  the 
formulation of ques t ions that wou ld be l e s s  obviously 
appropriate t o  the study of  how peop l e  interac t with 
traditional types of  machines ,  such a s  motor vehic le s ,  
househo ld appliances , and manufac turing devices . 

Al though tradi t i ona l problems such a s  those o f  
control design , l ight ing , and workspace layout do not go  
away , a variety of  new research i s sue s  emerge . The new 
i s sues have to do with language s ,  person-machine 
d ia logue s , mental mode l s , and the l ike . Of  course , a s  
significant amount s o f  comput ing power a r e  bui l t  into 
more and more machine s  of trad i t ional design ,  the des ign 
of the c ogni t ive interface wi l l  become more of an i ssue 
in those cases as  we l l .  

TRENDS AND PROJECTED DEVELOPMENTS 

S ince computers f ir s t  appeared only a few decades ago , 
several t rends have been cons i s t ent and c lear : 
increas ing s peed , increas ing re l iab i l ity ,  decreas ing 
component s ize and power requ irement s ,  and decreas ing 
uni t  c o s t s  ( Abe l son , 1 982 ; Branscomb , 1 98 2; Gero la  and 
Gomory , 1 984 ; Mayo , 1 977) . The aggregate e f fect  of  
these t rend s has  been remarkab le indeed. Toong and 
Gupta ( 1 982)  dramat ize the way the computer indus t ry has 
evo lved by contrast with t he airc ra f t  i ndus t ry .  If  the 
latter , they sugge s t ,  "had evolved as  spec tacularly as  
the  c omputer indus t ry over the  pas t 2 5  years , a Boeing 
767 wou l d  c o s t  $500 today and it would  c irc le the g l obe 
in 20 minutes on f ive gal lons o f  fue l "  ( p .  8 7 ) . In 
para l l e l  w i th the rap id evolut ion of  the computer 
indu s t ry--in part as  e f fec t and in part as cause--the 
number of  uses t o  which computers , and information 
technol ogy more genera l ly ,  have been put has grown 
exp l o s ive ly ,  beyond wha t  anyone could  have imagined a 
few decade s ago . 

Another way to quant ify these d eve l opment s i s  in  
terms o f  the increas e in the  amount o f  avai lable 
comput ing capac ity . Amount o f  comput ing capac i ty is 
typical ly quant i f ied in terms of  number o f  act ive 
e l ement groups (AEGs ) ,  an act ive e l ement group be ing a 
l ogic gate or the means o f  s toring a bit  o f  informat ion 
in memory . Early in this  c entury , be fore t he invent ion 
o f  the d i g i t a l  computer , the annua l growth in the use of 
AEG equiva lent s was about 1 0 percent . From 1 960 to 
1 97 2 ,  during the per iod o f  trans istor-based c i rcuit s ,  
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consump t ion o f  AEGs increased by about 25 perc en t 
annua l l y .  S ince the advent o f  integrated c ircu it c h ips 
in 19 7 2 ,  consumpt ion has increased by about 100 percent 
annua l ly .  Very-large-scale-integration ( VLSI ) 
technology i s  produc ing further gains in performance and 
decreases in uni t  c o s t s  and i s  there fore l ike ly to 
increase the rate o f  consumption further s t i l l  ( Phipp s , 
1982 ) . 

Today the annual  use o f  AEGs in the Uni ted S tates 
is about  5 tri l l ion , enough to supp ly everyone in the 
wor ld with the equivalent of a s imp le  pocke t cal
culator .  Project ions extrapolated from the rate of  
growth of  use during the 1 9 7 2-1 980 period sugge st  that 
by the year 2000 comput ing capac ity i s  l ike ly to  be the 
equiva l en t  of a powerfu l minicomputer for every person 
in the United States .  Wha t wi l l  be avai labl e  in terms 
o f  comput ing power for the average person 5 0  or 100 
years from now i s  anybody's  gue s s , but i t  seems safe to 
assume that it wi l l  be enormous . 

One maj or consequence o f  rapid ly  dec reas ing uni t 
c o s ts and the resu l t ing pro l i ferat i on o f  c omput ing 
hardware has been an increas ing decentra l i zat ion o f  
information resources . Coupl ed with recent advance s  i n  
communicat ion technology--communicat ion sate l l ites , 
cab le  te l evision , packet rad io--and the emergence of  
computer networks , the increas ingly wide d i s tribution o f  
comput ing hardware o ffers the prospec t s  o f  a nat ional or 
even g l obal community o f  interconnected user s  o f  common 
information resources . 

The re i s  every reason to be l ieve that the maj or 
trend s that have charac ter i zed the evolut ion of infor
mat ion technology in the recent past  w i l l  cont inue . 
Several l ine s o f  research and deve lopment promi se  to  
ext end further the techno logy base , inc lud ing magne t ic 
bubble memorie s , Josephson j unct ions , gall ium arsenide 
semiconductors ,  para l le l  proce ssor machine a rchitec
ture s ,  t ransphasors and opt ical  computers , and a great 
deal more a t t ent ion to the deve lopment of powerful 
software tools ( Abraham e t  a l . ,  1 983; Case et a l . , 1982; 
Chaudhari et  a l . , 1 980; Mat iso , 1 980; Phipps , 1 982; 
Young , 1 9 8 1 ) . As for marke t pul l ,  appl icat ions making 
use of c omput ing and communicat ion resources  are 
mul t iplying daily . There may be a high corre lat ion 
be tween produc t ivity gains and the amount of  comput ing 
resources  available  to the work force acro s s  a wide 
range o f j ob c las s i fications . Such a corre lat ion 
repre s ents  a powerful economic incent ive to increase the 
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role of  information technol ogy throughout the economy . 
I t  seems certain that uses o f  this t echnol ogy wi l l  
c ont inue to pro l i ferate . 

In view o f  these expectations and in l ight o f  
count less ongoing e fforts  to  exploit  aspect s  of thi s  
t echnology for commerc ial  purposes , w e  can ident ify many 
s pec i fic  deve lopments that seem l ike l y  in the near 
future ( Nickerson , 1 982 ) . There wi l l  be surprises , o f  
course , and undoubtedly some o f  the most pro found events  
w i l l  be  among those that are  least expec ted . Severa l 
ant ic ipated deve lopments are especially  relevant to the 
probl em o f  ident i fying research c ha l lenges and 
opportunit ie s  in the are a  of use r / information system 
interac t ion : 

o Comput i ng resources  w i l l  become avai lable to 
nearly anyone who wishe s to use them for e i the r 
vocat ional or personal purposes . 

o Smart devices wi l l  appear everywhere : in 
homes , automob i l es ,  o f f ices ,  appl iances , tools , 
and toys . 

o Computer-med iated informat ion services wi l l  
pro l i ferat e , such as e lectronic mai l ,  
information banks , e lectronic news services , 
want ads , and job  postings . 

o Many t asks current ly performed by human beings 
wi l l  become automated , others wi l l  be radically  
mod i fied , and some new j obs wi l l  be created . 

o Informat ion techno l ogy wi l l  pro found ly a f fect 
ins t itut ional ized education ,  both d irec t ly ,  via  
the use of compute r-based instruc t iona l 
techniques in the c lassroom , and ind irec t ly ,  as 
a consequence o f  the genera l  ava i labi l i ty o f  
informat ion resources and informat ion 
manipulat ion tools . Demand s on educationa l 
ins t i tutions to prepare students for roles in 
an increasingly  information-oriented soc iety 
wi l l  s tead i l y  grow . 

BEHAV IORAL AND COGNITIVE ISSUES 

Inasmuch as mos t  peop l e  wi l l  become potential  users o f  
informat ion systems i n  one way or  ano the r ,  some of  the 
behavioral and cognitive sc ience issues that wi l l  have 
to be addre s sed re late to the capab i l i t ies and 
l imitations o f human beings as a species .  A better 
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understanding of  the se c apab i l i t ie s  and l imitati on s  
vis-a-vis the acqui s i t i on, s torage , use, and trans
mis sion of  informat ion i s  c lear ly es sent ia l to  a better 
unde rst anding o f  how to des ign sys t ems we l l  sui ted to 
serve peop le ' s informat ion needs . We need t o  know more , 
for example , about how peop le s eek informat ion, how they 
eva luate and f i l ter it , how they organi ze and manage i t, 
how they s tore and ret rieve i t, how they a s s e s s  what 
they have and what they need, and how they can adap t to  
and learn new kinds o f  informat ion p roc e s s ing .  

T o  b e  sure, par t  of  the task is t o  make more 
e f fect ive use o f  what  has a lready been learned about 
human decision making, problem solving, and information 
process ing genera l ly .  Examp les o f  reported prob lems 
that may be pertinent t o  the design of informat ion 
systems inc lude : undue commi tment t o  cos t s  a lready 
incurred, overconfidence in the extent of one ' s own 
knowledge, l imi ted abi l i ty to recons truct why one 
undertook decisions, confus ion when c a l le d  on to  
eva luate  hypotheses in l ight o f  new evidence, under
e s t imat ion of task comp letion t ime, and reversion to 
solut ions that have a l ready f ailed when problem solving 
becomes d i f ficul t . But resul ts a l ready in t he l i tera
ture need to  be supplemented with new s tudies, because 
the expand ing technology wi l l  provide too ls and tech
ni ques for manipulating and us ing information in new and 
qua l i tative ly di fferent ways than we have known before . 

Information techno logy a lso wi l l  foster new modes 
o f  interac t ion among peop l e, which in turn wi l l  
st imu late the emergenc e o f  new s oc i a l  struc tures .  
Understand ing the e f fects of  thes e  changes wi l l  require 
a be t t e r  underst and ing than we now have o f  various 
aspec t s  of  human communication and interac t ion . We need 
to understand better, for examp le, the extent t o  which 
communication pat terns in the workp lace and e lsewhere 
are determined by fundamental  human characteri s t ics as 
opposed to  the capabi l i t ie s  and const raints o f  
communicat ion techno logy : does p eop le ' s preference for 
face-to-fac e communication via speech ( Chapani s, 1975 ; 
Gero la and Gomory, 1984 ) reflect  a deep-sea t ed human 
need or simp ly the l imitations o f  currently avai lable  
a l t ernat ives? Wi l l  computer-based informat ion sys tems  
fac i litate  or  inhibit  communication? What will  
de t ermine whether they h e lp or  hinder understand ing 
across discipl ines and cultures? Interpersona l 
communicat ion c lear ly serves purposes other t han t hat o f  
ve rba l  informat ion exchange, although they may not 
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always be recognized exp l ic i t ly .  It  wil l  be important 
to know to wha t  extent the s e  purposes can be met via 
electronic mai l ,  shared electronic  work spaces ,  
e lectronic bulletin  boards , and o ther new computer-based 
means of  c ommunication .  

Another i s sue that relates to a l l  potent ial  users 
of  informat ion sys tems i s  tha t  o f  the measurement o f  
workload . How t o  measure mental e ffort has been a 
cha l l enging prob l em for some t ime and is l ike ly  t o  be 
for some t ime t o  c ome ( Hart , 1 983; Nicho lson , 19 74; 
Wierwi l l e  and Wil l ige s , 1978) . I t  i s  c omp l icated in the 
case o f  user /informat ion system interact ion by the fac t  
that the range o f  cogn i t ive activit ies involved i s  very 
broad and not eas i l y  described . And , as is t rue of 
cognit ive workload measurement in many contex ts , the 
user ' s observab l e  act ivity o ften p rovides l it t le 
evidence o f  the kind o f  informat ion process ing tha t  is 
going on covertly . 

Whi le some important behavioral and c ognit ive 
i ssue s re late to peopl e  in genera l ,  others do not . Jus t  
as there are many t ypes o f  informat ion systems ,  the 
peopl e  who use them have d i fferent educationa l and 
professional or vocat iona l backgrounds , t apping 
d i f ferent syst em capab i l i t ies for d i fferent purposes in 
d i f ferent contexts ( Cuf f ,  1 980; Eason et a l . , 1975 ) .  
De f init ion o f  some behavioral and cognit ive issues could  
be fac i l itated by t he deve lopment o f  t axonomies that  not 
only c l assi fy users in some useful  way , bu t a lso d i s t in
gu ish among the purposes for which systems are used , t he 
capabi l i t ies or  tools that are used , and the speci fic  
tasks that  are  performed . Des ign guidel ines that cut  
across such c l as s i f icat ions are in some sense more 
power ful  than those that apply only to  a p articular type 
of  user u s ing a part icular type of tool for a particular 
type of t ask ; there fore , their  formulat ion is worth much 
e f fort .  However , general guide l ines are o f ten too 
abst ract to be app l icab le d irec t ly to  spec i f ic c ases 
wi thout f irst being t ranslated into more s i tuat ion
spec ific  forms ;  insight ful user-too l-task taxonomies are 
u s e fu l , perhaps essential , in making such princ ip les 
app l icable t o  spec i fic cases . With regard to the need 
to recognize d i f ferent types of users , it is also 
important to bear in mind that if t he populat ion o f  
potent ial  users i s  to inc lude essential ly everyone , some 
a t t ent ion must be g iven to t he fact  that various l eve l s  
o f  abi l ity wi l l  b e  represented , rang ing from very high 
t o  very low .  
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Another c las s o f  cogni tive i s sues re lates to  the 
imp l ications of computers for the further deve lopment o f  
our understand ing o f  the complex i t ie s  o f  modern l i fe .  
There can be no doubt that the computationa l power that 
the se machines have made avai lable  has already great l y  
fac i li tated s c ienti f ic progress in many f i e lds and 
the reby influenced the ways in which we conceptual i ze 
var ious aspects  of the world . It i s  leas c lear , 
however, what role computers can be expec ted to  play in 
other use s  of abs trac t, infinite concepts in 
mathemat ics . For examp le , the s tudy of  different 
order-types in l ogic or the use of abstrac t spaces in 
analysis , such as Banach or H i lbert space s ,  the ro l e  o f  
automorphism groups i n  a lgebra, and various other 
complex ,  abs trac t s t ruc ture s in topo logy and a lgebra ic 
geome try are not e as i ly re lated to  c omputers as we now 
know them . Ye t  c learly the s e  advances in our abi l ity  t o  
th ink at higher levels o f  abstrac t ion a r e  c ruc ial t o  
modern mathemat ics , and they pose a considerable 
chal lenge to  c omputer programming and work in art i f ic ia l  
inte l l igence . 

RESEARCH INSTRUMENTATION AND METHODS 

The equipment requi red in a laboratory to support 
research on user/system interact ion d epends to a large 
extent on the nature of the research to be performed . 
Researchers in the area o f  educational software should 
probably be alert to the types of  personal computer 
systems that are like ly to become w idely avai l able to 
student s in the near future and make sure that the ir 
laboratories inc lude such machine s . Research on 
mul timedia ( text , fac s imile , voice ) message systems 
requires a facil ity with suffic ient c apac ity to support 
the considerable process ing needs involved and the 
high-resolut ion graphic d isplay termina l s  that fac s imi le  
imp lie s . To  investigate d i s tributed processing app l ied 
to comp lex communicat ion and c ont ro l prob lems , a c on
s t e l lat ion of fairly powerful work stat ions connected by 
a ne twork is essent ial . 

Apart f rom these kinds o f  cons iderations , the 
planning of  any laboratory fac i l i t ies to  support 
research on use r / informa t ion system interac t ion mus t  be 
done keeping in mind that state-of-the-art equipment 
wi l l  become obs o lete  very quickly . The re fore, another 
planning obj e c tive should be pre serving the abil ity to 
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adapt rapidly to  change . Thi s  dictates  caution about 
dec i s ions that would lock a faci l i ty into dependence on 
the use o f  equipment the cos t s  o f  which mus t  be 
deprec iated over l ong period s  of t ime . 

Perhaps a more important imp l ication i s  the r i s k  
that the resu l t s  o f  research a imed at  developing more 
use ful and usable systems wil l  be obsolete be fore they 
can be app l ied . Given t he pace a t  which equipment 
becomes obsolete , how can we ensure that research wi l l  
not b e  outdated before i t  i s  completed ? 

For research to  produce resul t s  that are o f  more 
than pas s ing intere s t , i t  must  address issues t hat are 
sys t em-independent ;  i t  mus t  be a imed at  the d i scovery of 
general princ iples  that are appl icable across a broad 
range of equipment . Researcher s must  not l imit the ir  
th inking t o  exist ing instruments  but  shoul d  cons ider 
future generat ions of  informat ion sys tems as wel l .  This 
does not mean that research should not be done with real 
sys tems . Indeed , i t  i s  primarily  by us ing real systems 
that one acquires an understanding of  the technology's 
capab i l i t ies and l imitat ions , and perhaps more 
impor tant , i ts potent ial . 

Fortunately , research that is done with spec i f i c  
sys tems need not y i e l d  resul ts tha t are l imited i n  
app l i c ab i l ity t o  those systems .  The physical  properties 
of a system--except for the interface--are probab ly o f  
l i t t le concern to  the vast maj ority o f  i ts users . The 
important issues from the u ser's point o f  view relate to  
func t ioning and convenience o f  use . The use r is un
l ike ly to need to know or to care , for examp le ,  whe ther 
the informat ion that a sys tem c ontains is being s to red 
in a magnetic  bubble memory , on an opt ical  d isc , or in a 
ho l ogram ; what those who use a system c are about is how 
accessible the informat ion is and whether the system c an 
produce i t  in a useful form. 

The general ques t ion of  intere s t , the re fore , is 
what ins t rumentat ion is needed to  permit research on the 
sys t em-independent que s t ions relat ing to informat ion 
accessib i l i ty and representat ion that should be 
addressed experimentally  during the next several years . 
This quest ion cannot be answered e f fect ive ly unt i l  a t  
least  some spec i fic  research ques t ions have been 
adequate ly formulated . This is , perhaps , stat ing the 
obvious ; however ,  a l l too frequent l y  research ques t ions 
and expe rimental des igns seem to  derive from rathe r than 
to determine the availab i l ity of research fac i l i t ies .  
This is not t o  suggest  that i t  is reasonabl e  t o  proceed 
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as though one had the luxury o f  defining researc h 
paradigms wi thout regard to t he feasibi l i ty o f  instrumen
tation , but s imply to argue that the ident i f ication o f  
ques t ions that need answering i s  a more appropriate 
point of  departure for planning a res earch e f fort than 
is the ident i f icat ion of s pec i fic experiments  that can 
be done read i ly wi th a part icular fac i l ity . As a matter 
o f  s t rategy , i t  i s  important t o  f rame que s t ions in s uch 
a way that the ir  answers  can be s t ated in terms tha t  are 
re lat ive ly independent o f  the s pec ific  hardware /software 
sys tems that produced them . 

Closely a s soc iated with  t he que s t ion o f  ins trumen
tat ion i s  that of methodology genera l ly . To achieve a 
uni fied body of knowledge based on experimental 
research , we need to  deve lop and use  more powerful 
experimental technique s .  Much o f  t he experimental  
research to date has been l imited by the tendency to  
manipulate one or a few  factors  a t  a t ime . Thi s  
approach can lead t o  d i f ficul t i e s  in piec ing findings 
togethe r ,  because expe riment s a re rare ly performed i n  
the same context . Typical ly , a researc her s tudying a 
part icular fac tor wi l l  s e t  up an experiment in s uch a 
way as  to enhance d i fference s ;  thus i t  i s  d i f f icul t to 
know the re lat ive contribut ion o f d i f ferent factors even 
in the s ame context . Greater use of  mul t ivariate 
experimentat ion and eva l uat ion might improve t h i s  
s ituation . 

Informat ion sys tems c an be viewed from t he 
mul t ivariate perspe c t ive o f  re search that incorporat e s  
s imul t aneous e f fects  o f  the many fac tors a f fect ing 
user/informat ion sys tem interac tion as we l l  as the many 
ways o f  measuring u ser behavior.  More c omp lex and 
e f f ic ient mul t i fac tor  experimenta l  des igns could  capture 
the richne s s  of  interac t ing factors in these systems . 
And compos ite  me tric s of  user behavior cou l d  be 
deve loped to  spec i fy the underlying d imens ions that 
charac terize the ways in  which peopl e  and information 
sys tems interac t (Wi l l ige s and W i l l iges, 198 2 ) . 

RECOMMENDATIONS FOR RESEARCH 

The opportunities  and chal lenges for research on 
user / informat ion sys tem interact ion are numerous. 
However, i t  i s  not c lear that any use ful purpose would 
be served by exhaus t ive ly l i s t ing the pos s ibil i t ie s  for 
re search , even i f  i t  were feasible to do so . The c harge 
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to the c ommit tee in p lanning the workshop was to  focus 
on "fundamental  exper imental  research most necessary to 
improve user /informat ion system interaction . " 
Accordingly , this sect ion ident i fies  ques tions and 
is sue s that can be addres s ed experimental ly and that , in 
the view of t he workshop participants , are e s pec ial ly 
important to an understanding and improvement o f  user/ 
information system interac t i on .  We do not c laim t hat 
our lis t  o f  research probl ems inc ludes a l l  of  the mos t  
important one s ; indeed , w e  suspect  that additiona l 
important que s tions wi l l  be formulated a s  a result of 
re search . In this fie ld , as  in mos t  others , some of t he 
mos t  useful re sult s  of  we l l -conceived re search are 
insight s  that lead to the f ormulation of que s tions that 
are more meaningful or useful  than those  with which one 
began . 

Theory Orientation 

Before considering speci fic re search ques tions , we note 
that a focus on fundament a l  re search sugge s t s  an 
emphas i s  on theory-oriented re searc h .  We see this  as a 
great need--perhaps the great need--o f the field . Wit h  
re l ative ly few exceptions ( e . g . , Card e t  a l . , 1983) , 
research on user/in formation system interac tion bas not 
been theory-oriented . Studie s  o ften have involved 
comparisons among competing products  or designs ( e . g . , 
command l anguages ,  text editors , mai l systems ) and have 
yie lded resul t s  that serve immediate objective s but 
contribute littl e  to the building of  a theory , or 
theories , that would guide further research and he lp 
bring some order to the field . Thi s  i s  no t to sugge s t  
that the re is  nothing to  be g ained f rom c reative 
experimentation and exp l oration that is ne ither 
theory-based nor theory-motivated , but in general the 
greater leverage is in theoretica l l y  oriented work . 

The most fundament a l  need o f  the fie ld i s  a better 
and deepe r understanding o f  the capabilitie s and 
limitations o f  human beings a s  s eekers , creators , users , 
and transmitters o f  information , and of  the imp lications 
of the se c apabilitie s and limitations for the design and 
use of information sys tems . Whi l e  a comprehensive 
theory of use r /in formation system interaction would 
probably be an unreali s tic goal at  the pre sent time , 
theoretical  treatments of  c ertain speci fic top ics could 
bene fit the fie l d  substantial ly . Among these  topic s are 
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information representation , information seeking , 
informat ion f i l t ering and evaluat ion , and informat ion 
organizat ion and management . We comment brief l y  on each 
of  these topics  in what follows , be fore moving on to 
other important research need s .  

The Acqu i s i t ion and U s e  o f  Informa t ion 

Informa t ion Repre sentation 

Computer technology provide s an unprecedented 
opportunity to deve lop new ways of repre sent ing 
informat ion , inc luding mul t imedia s chemes that would mix 
d i f fe rent representational forms in whateve r ways are 
mos t  conduc ive t o  a s s imilat ion and retention of  the 
informat ion to be conveyed . What  i s  needed in order to 
exploit  thi s  potent ial  i s  a be t ter  understanding o f  how 
to determine what  woul d  const i tute e f fe c t ive represent a
t ional mixe s in s pec i fic  cases . 

Impl i c it in the concept o f  a theory o f  informat ion 
re pre sentation is the d i s t inc t ion be tween informat ion 
and a part icular repre sentat ion o f  i t . Thi s  d i s t inct ion 
is easy to make in some cases ; for example , t he quant i ty 
thi rteen i s  represented a s  13 , X I I I , and � in the 
Hindu-Arab ic , Roman , and M ayan number systems , 
respective ly . In o ther case s ,  the d i s t inc t ion may be 
very d i f f icult  to make in practice . How does one 
dist ingu i sh , for example , be tween the informat ion 
contained in a textbook on organic chemis t ry and t he 
particular way in which the informat ion i s  represented 
in that book? The re exi s t , of c ourse , many textbooks on 
organic chemi s try , all pre sumab ly intended to  c onvey 
more or l e s s  the s ame information ,  but e ach represent ing 
i t in a d i f ferent way . 

Surpr i s ingly l i t t l e  i s  known about how to  determine 
whe ther a part icular repre sentat ion o f  a concept , 
princ ip l e , relat ionsh ip , or body o f  knowledge i s  be tter  
or worse than another for  purpos e s  o f  communicat ion or  
expos ition .  We l ack an  appropriate c onceptua l framework 
for desc ribing information apart from i t s  repre sentat io n .  
Informat ion theory , powerful as  i t  i s  f o r  many app l ica
tions , doe s not he lp much in thi s  regard because of i t s  
insens i t ivity t o  meaning . The prac t ic a l  need for a 
theory of  repre sentat ion i s  increased as  a consequence 
of the fac t that informat ion techno l ogy extend s  the 
range of repre sentat ional opt ions cons iderably . A 
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theory would provide guidance regarding what 
representat ions{& ) is ( are ) mos t  appropr iate for 
speci fic information and situations and regarding how to 
mix e ffective ly  var ious representat ional mode s  such as 
text , out lines , l inked-node d iagrams , graphs , picture s , 
dynamic p roces� mode ls , and speech.  

A ques tion in this area with long-term research 
interest is  how the deve lopment o f  new representat ional 
modes may affect  the thinking o f  the peop le  who use  
them. Unquestionab ly , the  c oncepts and images through 
which we understand the world  are s trongly condit ioned 
by the representational schemes we use ( e . g . , natural 
l anguage , mathematics , the specialized symbol systems of 
specific disciplines such as chemistry ,  physics , and 
music ) .  If new representationa l techniques ( e . g . , 
dynamic p rocess s1mulations )  become wide ly used for 
exposit ory purposes ,  the e f fects on basic thought 
processes may be extreme ly important . Identification 
and documentation of these e f fects should  be continuing 
goals o f  research.  

Information Seeking 

How do peop le  dec ide what information they need in 
spe c i fic contexts? How do they determine where to look 
for i t? By what c riteria do  they decide to s top 
looking? How is the i r  information-seeking behavior 
inf luenced by e f fort and o ther t ypes o f  c osts? In what 
ways doe s the ability to  assimilate , ret ain , and use 
information depend on t he p rocess by which i t  was found? 

Information techno logy is making i t  possible to 
store enormous amounts o f  information in e lectronic 
reposi tories . Wi th the prol i feration of computer 
ne tworks and personal computers , an ever-increasing 
frac tion of the popul ation wil l  have dire c t  and easy 
access to such repositories . Access to very l arge 
information store s ,  such as the Library of Congress , 
wil l  be of  l imit ed va lue in the absence o f  information
seeking aids that wil l  he lp one find one's way around in 
them . And the devel opment of e f fec tive aids would  be 
f aci litated by a better  understanding o f  information
seeking behavior as i t  occurs in a wide v arie ty of  
contexts . 
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Informat ion Fil tering and Evaluat ion 

Mo s t  peop le are exposed t o ,  or  have d irec t and easy 
acces s to , much more informat ion than they can pos s ib ly 
absorb or use e ffec tive l y .  Not only does one cons t ant ly 
p ick and choose  among the various informat ion source s 
tha t are more or l e s s  c ont inuous ly avai lable--rad io and 
te levi s ion s t ations , newspapers, magazine s, books, other 
peop le ; one a lso a t tends se lec tively t o  any part icular 
sourc e to  which one happens to be " tuned in" a t  any 
given moment . Moreover ,  consc ious ly or unconsc ious ly , 
one evaluates  the informat ion to which one i s  attending 
and mod i fies one ' s view of l i fe and out look on the 
wor ld--one's knowledge bas e--accord ing ly. 

With the prol i ferat ion o f  computer-based 
informat ion sys tems and services, the informat ion 
sources  ava i l able to  people wi l l  inc rease and, 
presumab ly , so wi l l  the abi l ity to select  the kind o f  
in formation they want to  s ee or  hear. W e  need to know 
more about select ion, f i l ter ing , and eva luat ion 
processes in order to unders tand t he psycholog ical  and 
soc ial  e f fects of the mul t ip l icat ion of cont inuous ly 
available informat ion source s. 

Informa t ion Organization and Management 

More and more o f  the tasks that peop le per form in t he 
workp lace and e l sewhe re invo lve informat ion manipulat ion : 
compos ing, ed i t ing, form f i l i ng, schedul ing, charting.  
Informat ion manipulat ion can be thought o f  generically 
as a mat te r of col lect ing b i t s  and p ieces o f  informa t i on 
from a variety o f  sourc es, inc lud ing one's head, and 
organi z ing them in some convent ional form--memo, l e t t e r ,  
graph, budget, or report--that i s  intended to make them 
useful to s omeone e l se or to one s e l f  at a later t ime . 
We need a better understand ing of  the ways in which 
peop le interact  with  informat ion in the performance o f  
s uch  tasks : how they keep i t  s traight i n  the ir head s 
while in t he proc ess of  organi zing ( or reorganizing ) i t  
externa l ly , the uses they make of  externa l memory aids  
such as notes, out l ines, and diagrams . How d o  t hey 
manage large amounts of information ove r long per iods o f  
t ime? How do  they organize their  more-or-less  l i fe long 
persona l informa ion s t ores : books, correspondence, 
pictures, f inanc ial rec ords, important documents ( birth  
cert i f ica tes, passports, deed s, insurance po l ic ie s )? 
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Such knowledge i s  crit ical  t o  the de s ign o f  computer
based t oo l s  that will f ac i l i tate the performance of 
informat ion manipulat ion ta sk s .  

Comment 

The d i s cuss ion o f  the s evera l preced ing topics  is  not 
intended t o  sugge s t  that there are no data on how people 
seek , f i lter , evaluate ,  organi ze , and manage information 
or on how e f fec t ive ly they can deal with d i fferent 
representational forms . There is much in the experi
ment al  l i terature re lat ing to  each of  the se topics .  
There i s  a need , however , t o  put  t he exi s t ing informa
tion into a theore t ic a l  framework tha t wi l l  fac i l i tate 
i ts app l icat ion to the design o f  versat i le information 
sys t ems of the type that technol ogy is making feasibl e . 
More attent ion to  theory would a l so have the bene f ic ial  
ef fec t of  reveal ing maj or gaps  in the  knowledge base  and 
would  thereby provide needed d i rec t ion to further 
research .  

User/ Informa t ion System Exchange 

An import ant generic probl em re lat ing to user/ 
informat ion system interac t ion is that o f  f inding ways 
to increase the rate at  wh ich informat ion can be 
transm i t ted f rom user to system and vice versa , or what 
is referred to  as the input -output bandwidth . The need 
is most obvious in the c ase of the use r- to-sys t em side 
of the interface . Typ ing is a ve ry s low means of 
conveying information , even for ski l led typists . 
Point ing technique s can be cons iderably fas ter in some 
cases, but these are re l a t ive ly passive from the user's  
point  o f  view ; that  is  t o  say , the  use r ' s abi l ity t o  
communicate i s  l imited by the opt ions the sys tem 
exp l ic i t ly presents at any g iven t ime . 

The re is a great deal o f  inte rest in the use of  
speech as a means of  inc reasing input bandwid th , and it  
seems l ike ly that the techno logy o f  speech process ing 
and understand ing wi l l  make this  an inc reasingly viab le 
opt ion ( Levinson and Liberman, 1981 ; Wal tz ,  198 2 ) . 
There are many que s t ions assoc iated with the use of  
speech, for  examp le , problems resu l t ing from i ts 
trans ient and sequential nature , that mus t be 
addre s sed . Some of these may not be c lear ly articu l a ted 
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until there exi st some systems with nontr ivial 
capab i lity for speech input . 

Close ly re lated to the que s t ion o f  speech as an 
input medium is that of natural l anguage . ( Speech and 
natural language are some t ime s used as synonyms , but i t  
is  pos sible t o  have s peech input--e . g . , s ing le  isolated 
words--that i s  more c onstrained than natura l language , 
and pos s ible a l so to have natural l anguage input in a 
form other than speech--e . g . , typed ) . Numerous e f fort s 
are currently being made to deve lop interfaces u sing 
natural language . None of the se  e f forts  has ye t yielded 
a language with t he richnes s  and complexity o f  human 
language , but there are sys tems  that have cons iderable  
f lexibi l ity in limited domains o f  discourse . 

We can expect cont inuing e f forts  to deve lop systems 
wi th more extensive natural l anguage c apab i l i t ie s , but 
it wil l  be some time be fore the ful l flexib i l i ty o f  
humans as  natural language users i s  emula ted in 
software . In the meantime , it is  c l e ar tha t  the ease 
with which and the rate at which information can be 
conveyed from a user to  an informa tion system wi l l  
depend greatly  on the character i s t ic s  o f  the c ommand 
language that is used. Re s earch i s  needed to identi fy 
ways--short o f  deve loping ful l natural language 
capabi l ity--to increase both the naturalne s s  and the 
power of the language s in u se . One way to decrease 
somewhat the mismatch between the prec i s ion required by 
the computer and the fuzzy but int e l ligent ways of human 
beings is to give the comput er the inferential  
capab i l i ty to permit it  to f igure out what users want 
when they have expres sed themse lve s  imprecisely . Some 
steps have been taken in this  d irect ion with t he 
deve lopment o f  the DW IM ( "Do what I mean" ) feature of  
Inte r l i sp ( Teite lman, 197 2; Teite lman and Mas inter, 
1981 ) , but the capab i l ity i s  sti l l  ve ry l imit ed. Much 
remains to be done in this  area . 

Other  means o f  increasing the input bandwidth 
inc lude the monitoring o f  physiological s igna l s  of 
various type s in order to c ircumven t  the need for overt  
motor responses  by s ens ing a user's  intent more 
d i re ctly . Po ssibi lities a long the se l ine s mus t  be 
considered re lat ive ly futuristic and s pecula t ive at this  
point, but they should not be  overlooke d .  

Th e  desirab i l i ty of f ind ing ways t o  increase the 
rate of informat ion transmitta l from a sys tem to its 
user may be s omewhat l e s s  obvious, in v iew o f  t he fac t  
that i t i s  a l ready quit e  easy to  provide users with  
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information a t  a much greater rate  than they can 
assimi late i t . The point is  not to present more infor
mation per unit time , but t o  find ways to encode 
information s o  as  to increase t he rate at  which it can 
be as simi lated . Unfortunately, more attention is being 
given to the deve lopment of l arger display surfac e s, 
higher-res olution display s, mul tiple displays, and 
various d i sp lay par t i t ioning or overlay t echniques, such 
as ti ling or windowing, than to  the question of how 
information should be represented in o rder t o  maximize 
its as similation . Experiment s are being pe rformed wi th 
as many as 1 5-20 windows of informat ion be ing presented 
simul taneously . Contro l displays consis ting of s everal 
monitors, each with d i f ferent informa t ion, are in use 
rout ine l y .  

Insuf fic ient a t tent ion i s  being g iven, however, to  
the  que s t ion o f  how to exp l o i t  d i sp l ay technology in  
such a way as t o  t ake maximum advantage o f  use rs ' 
perceptua l and cognitive capabi l i t ie s  while making 
a l l owance for their l imitations . The p oss i b i lity o f  
greater use o f  dynamic cod i ng dimens ions ( e . g . , 
blinking, sc int i l lat ing, enlargemen t, brightening, 
reverse coloring ) shou ld be extensive ly exp lored, as 
should the use o f  motion t o  convey informat ion about 
t ime-varying data and relationsh ip s .  

Excep t for the interest  i n  synthesized speech, 
which is fairly intense, re lat ive ly lit t le at tent ion has 
been g iven to t he possible exploitat ion o f  sound as an 
output med ium .  To be sure, some sys tems use aud i o  cue s  
as warning s igna ls or t o  i ndicate t he need for particular 
act ions, but more genera l use of sound rema in s a 
re lative ly unexp lored means of  inc reasing the bandwidth 
o f  the compute r-user interfac e .  

Th e  issue o f  interface design is c omp l icated b y  the 
st rong poss i b i l ity  that the ideal  interface wi l l  differ 
for different use rs . The re is a need, there fore, for 
the deve lopment of interfaces that can be adapted by 
users to the ir individua l preferences and styles or that 
wi l l  adap t automatically  in response to user performanc e . 
The idea o f  deve loping kits o f  inte rface-bu i ld ing too l s  
for customizing interfaces--inc lud ing l anguages--to 
specific use r  popul ations or even to  ind ividua l users i s  
one that merits explorat ion . 
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U s e r  Training and Support 

Deve lopaent o f  Users ' Ski l l s  and Knowledge 

Ina .. uch as users aay have to deal with many d i f ferent 
kinds o f  i n foraa t ion aya teas i n  dai ly l i fe ,  it shou ld b e  
u s e f u l  to teach peop l e  gene ral ski l l s  and to prov ide 
thea with the opportunity to d eve lop knowledge i n  t he 
use of such ayate.a . Soae o f  the se ski l l s  could be aki n  
t o  those t aught in l ibrary s c ience c las s--for examp l e , 
where to l ook for part icular informat ion . Othe r s  aight 
inc lude aore gene ric abi l i t ies , such a s  how t o  evaluate 
hypothe ses , how to acce s s  one ' s  own knowledge , how t o  
organ ize informat ion f o r  r e t r ieva l , h ow  t o  eva l uate t he 
usefulne s s  of informat ion for dec i s ion making , and how 
to monitor one ' s own performance . Such s k i l l s  aight be 
t aught in ded icated c la s s e s  or a s  part o f  the 
ins t ruc t ion in the use of s pe c i f i c  s y s t ems . Use fu l  
re search cou ld foc us o n  de s i rab l e  repe r t o i re s  o f  ski l l s  
for d i f fe rent type s o f  u sers and t he bes t �e thods f o r  
teaching them , inc lud ing e s pec i a l l y  t h e  pos s ib i l i t y  o f  
app roac he s that might be incorpo rated i n  pub l i c  s c hoo l 
curricul a .  

User Aid a a nd On-Li ne As s is tance 

As the d ivers ity of u s e r s  of interac t ive s y s t ems 
cont inue s to increase , the s oph i s t ic a t i on o f  on-l i ne 
a � a i s t ance become s more impor t ant . The use of on- l i ne 
as s i s tance bo th for a i d ing expe r ienced u se rs and f o r  
prov i d ing train ing f o r  beginne r s  needs t o  be suppo rted 
by research . On- l i ne as s i s tance p ro toco l s  tha t  vary i n  
content and type o f  presentat ion should be deve loped t o  
ma tch the nee ds o f  var ious u s e r  g roup s . O f  parti cular 
concern i s  the as s i s tance requ i red by the so-c a l led 
foreign expe r t , a person who has s ome fami l ia r i ty w i t h  
c ompute r-baaed sys t ems in genera l b u t  need s he lp i n  
swi tching to a new sys tem o r  t ask app l i c a t ion . 

Deve lopers and expe rienced u s e r s  o f  an informat ion 
sy s t em  o f ten c an see guaranteed , e rror-free ways t o  
e x t rac t par t icular p i e c e s  o f  informa t ion f r om  t h e  sy s t em 
because they know wha t  i n forma t ion i t  c onta ins and 
under s t and how it is organ i zed . Novice users typ ic a l l y  
canno t be a s sured o f  s ucce s s  on any s pec i f ic r e t r ieval 
e f fort because they lack accurate and comp l e t e  mode l s  o f  
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�be systeu they use .  Each usage (ancl e-.-en eacb 
sequent ial s tep in each usage ) involves sa.ethiog of a 
&-.bl e . 1o sa.e cases this s tate of uncertaincy .. ,. 
pers i s t  inde finitely • perhaps bec ause the desip is t oo  
ca.plex t o  be grasped .  because the des i&oer " s perspec
�ive i s  too fore i gn t o  the use r .  or because there i s  no 
coherent logic t o  be grasped ( as aight happen vith an 
a.nibus data base vith inforaat ion suppl ied indepen
dent ly froa several source s ) . In such case s  t he user 
needs he lp t o  aake good g .. bles . That he lp c ou ld c a.e  
in the fora o f  t raining for coping vith uncertainty or 
in the fora of a systea that fac i l i tates dec i s ion aaking 
( e . g  • •  leaving an aud i t t ra i l so that users can see 
vbe re they vent vrong 1 shoving the vaguene s s  of eac h  
aenu o f fering . l i s t ing a l l  a l te rna t ives exp l ic i t l y .  and 
c reat ing rea l i s t i c  expec tat ions of succ e s s ) .  

The pos s ib i l i ty of s tor ing large aaount s of 
nont extua l  data ( e . g  • •  video iaage s )  i n  c oaputer
acces s ib l e  repos i tories ra ises the need for the 
devel opment of nev types o f  on-l ine a ids . The growing 
use o f  video discs for image s torage repre sent s a 
s igni ficant techno l og i c a l  adva nce whose iapac t i s  j us t  
beginning t o  be rea l i aed . There are inforaat ion sys teas 
that a l l ow users to rosa t hrough a da ta base of iaage s 1  
even ed i t ing vhen des ired . Given t ha t  large data ba s e s  
o f  visua l i n forma t ion a r e  a rea l i ty .  there i s  a need f o r  
aethod s  t o  fac i l i ta te s e l ec t i ve acc e s s  t o  t hea . 
Cons ider 1 for examp le . t he p roblea o f  s ea rc h ing a ve ry 
large word l e s s  data ba se of visua l  pat t e rns . such a s  
t rademark l ogos . fac e s . o r  Landsa t p hotographs . t o  
d e t e rmine whe ther a pa rt i c u l a r  pa t t ern i s  inc l uded in 
the set . Hov doe s  one o rgan i ae such a data b a se s o  as 
t o  prec l ude the nec e s s i t y  o f  an exhaust ive search eve ry 
t ime there i s  occ a s i on to l ook for a spec i f ic i tem? 
More general l y .  vha t kind s of procedure s m ight be 
deve l oped to f ac i l i tate t he search for nont extua l 
i nforma t i on ?  The abi l i t y  t o  look for spec i f i c  i t ems by 
moving around i n s ide a v i sua l data base could be a 
u s e fu l  one , but probab l y  only i f  the da t a  ba se i s  
organ ized s o  tha t  users c an te l l  a t  any g iven t ime 
whe ther they are ge t t ing c l oser t o  or fa rther from t he 
targe t .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

R e s e a r c h  N e e d s  o n  t h e  I n t e r a c t i o n  B e t w e e n  I n f o r m a t i o n  S y s t e m s  a n d  T h e i r  U s e r s :   R e p o r t  o f  a  W o r k s h o p
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 3 5 8

http://www.nap.edu/catalog.php?record_id=19358


- 22-

Group Problem Solving and Dec i s ion Making 

A research p roblem of c ons iderable prac t ical  
s igni f icance as we l l  as theoret ical intere s t  re lates to 
the use of informat ion techno logy to fac i l i tate mul t i
person prob l em solving and dec i s ion making . How might 
thi s technology be u s e d  t o he lp extrac t from a group 
( commi t t ee , task forc e , management team) the knowledge 
and wi sdom of i t s  ind ividual members re levant to s ome 
problem or dec i s ion at  hand and to  use i t  to  derive a 
solut ion or deci s ion that i s  opt imal re lative to  the 
aggregate inte l lectual re sources  of  the group ? The 
que s tion i s  app l icable both to groups t hat meet 
phys ical ly and to those that convene e lec tronical ly via 
te leconferenc ing fac i l i t ie s ; the answer , however ,  may 
not be the same in both case s .  

This  que s t ion i s  especially  important i n  view o f  
the many complex problems o f  modern soc iety . The 
procedure s tha t a re current ly used to c ope with such 
problems nece ssarily invo lve divis ion of  l abor and 
re spons ibi l it y .  Evidence that these  procedures  work 
we l l  and produce high qua l ity re sult s  is not compe l l ing . 

We a l so need to deve lop procedures and c ri teria f o r  
evaluat ing sys tems that are intended to enhance prob lem 
so lving or dec i s ion making or  to  augment intel lec tual 
performance in some other way . What we want to  be able  
to  determine i s  whether the use o f  such sys tems rea l ly 
does improve performance in the desired ways : Doe s i t  
lead to be t ter solut ions and dec i s ions ? Thi s  requires , 
o f  course , the ab i l ity to as sess  the re lat ive qual ity o f  
so lut ions and dec i s ions--which i s  a research prob lem i n  
i t se l f . It requires a l s o  the abi l ity to d i s t inguish  
degrees of  appropr iatene s s  o f  sys tem u s e .  If evaluat ion 
of a sys tem ' s capab i l i t ie s  is the goa l , one mus t be ab le  
to segregate e ffec t s  that are  due to inappropriate or 
inept use o f  a sys tem from those that der ive from sys tem 
charac teris t i c s . 

Cognit ive E ffec t s  o f  Programming 

There has been much speculat ion that experience in 
programming and us ing computers may have subs tant ive 
effects  on the way peop l e  think ( Abe l son and diSessa , 
1981 ; Feurzeig e t  a l . , 1 98 1 ; Papert , 1 9 7 2 ,  1 980) . 
Exper ience in programming i s  be l i eved by some to promot e  
a n  ana lytic  and modular approach to  prob lem s o lving , 
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what might be charac terized as a commi tment to  
"procedura l reasoning . "  The evidence that experienced 
programmers approach nonprogramming prob lems d i f ferent ly 
than o thers do i s  not yet compe l l ing . Even if i t  were , 
there would remain a que s t ion as  to  cause and e ffec t . 
If i t  could be shown that programmers as a group tend to  
think d i f ferently than do nonprogrammers , the  que s t ion 
would remain as  to whe ther programmers come to think 
d i f ferent ly because of their  programming experience or 
whe ther they are attrac ted to programming because o f  a 
predi spos it ion to think in ways tha t are conduc ive to 
that activity . 

· 

Whi ie the que s t ion o f  the e f fec ts  o f  programming 
exper ience on thinking i s  unresolved , there i s  l i t t l e  
doubt of  i t s  importance . Programming i s  among the mos t  
rapid ly growing profes s ions and avocat ions i n  the world , 
which means that a s izable and growing frac tion o f  t he 
population has some amount o f  programming exper ience . 
It woul d  be o f  more than pass ing intere s t  to  know 
whethe r this experience has provided these  peop le with 
ski l l s  and att i tudes  that have imp l i cations beyond t he 
programming context . 

In add i t ion , an inc reas ing f rac t ion o f  primary and 
secondary schoo l chi ldren are obtaining programming 
experience out s ide schoo l .  Not a l l  children have this 
experience , however ,  and i t  would be useful to know to 
what extent such experience provides the children who 
have it with intel lec tua l too l s  that wi l l  be use fu l  in 
the ir  academic experience . Thi s  que s t ion takes on added 
s ignificance in l i gh t  of the fac t that computers in 
homes ( about 10 mi l l ion ) current ly ou tnumber those in 
school s  ( about 325 , 000) by roughly 30  t o  1 ( Holden , 
1 984a ) . ( Given that t he country has 80 mi l l ion 
househo lds and l e s s  than 200 , 000 schoo l buildings , it is 
not surpris ing that vendors are tail oring the ir p roduc t s  
to  the home marke t . )  An intere s t ing aspec t o f  the 
d i s t ribut ion of computers in home s is the f ac t  that 60 
�ercent o f  the buyers o f  computers cos t ing more than 
$ 500 for home use have incomes over $40 , 000 ( Ho lden , 
1 984b ) . 

Informat ion Techno logy and Jobs 

Although we do not know in any deta i l  what the impac t o f  
informat ion technology wi l l  b e  o n  j ob s , we c an be 
reasonably certain that it  wi l l  be profound . Some tasks 
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that are now performed by humans wi l l  be taken ove r 
ent i re ly by machines , other tasks wi l l  be radica l ly 
altered , and new type s o f  j ob s wi l l  be created . Whe ther 
the total demand f o r  human l abor , manual and c ogni t ive , 
w i l l  decrea a e  s igni f icantly i a  a que a t ion that cont inue s 
to gene rate much debate .  W i thout prea uming t o  know the 
answe r , we be l ieve the po s s ib i l i ty of great ly reduc ed 
j ob opportuni t ies  is one that shou ld not be i gnored . 

Perhaps even more important than the abi l i ty to 
pred ict  the e f fe c t s  o f  informat ion techno logy on j ob 
opportunit ie s  i s  a far better  understand ing than we now 
have of  work and le isure . · Wha t needs , bes ides providing 
income , does work mee t ?  What a l ternat ive ways are there 
for meet ing those need s ?  Wha t determine s  the degree o f  
satis fac t ion that people  derive from lei sure time ? 
The se que s t ions are perhaps outs ide t he s cope of  the 
workshop ' s mandate , but they are viewed as extreme ly 
important que s t ions that wi l l  take on new s igni f icance 
as a consequence of the various e f fect s of informat ion 
techno logy on j obs  and j ob opportunit ies and hence on 
the ro les  of work and leisure in soc iety and the l ives 
of  ind ividua l s .  

An is sue pertaining t o  informat ion t echno logy and 
j ob s  that doe s fal l  within the scope o f  the workshop ' s 
charge is  that o f  j ob s a t i s fac t ion . The introduc t ion o f  
inc reas ing ly ve rs a t i l e  informat ion systems i n  work
p laces , es pec ial ly of fices , w i l l  change--i s a l ready 
changing--the requi rement s  of many j obs dras t ica l ly .  
The abi l i ty t o  pred i c t  the e f fect  o f  the se changes on 
the degree to  which peop l e  f ind the ir j obs to be 
satis fying wi l l  require not on ly a better  abi l i ty to 
predict  what the change s in j ob requirement s  wi l l  be , 
but a l s o  a better understand ing o f  what t he determinant s  
o f  j ob s a t i s fact ion i n  informat ion hand l ing s i tuat ions 
are . 

At t i tudes and Accommodat ion 

At t i tude s and Af fec t 

Resu l t s  of  empirical s tud ies and reports  in the pre s s  
and other med ia agree that computers and computer-ba sed  
sys tems evoke s t rong a f fec t ive responses f rom peop le . 
Genera l a t t i tude s  toward computers tend to be highly 
po larized : p eop le s eem more l ike ly to respond s t rong l y , 
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either pos i t ively or negat ively , t han to  be ind i f ferent 
to them (Zol tan and Chapanis ,  1 982) . Computers are 
o ften pos i t ive ly assoc iated with effic iency and 
produc t ivity , versat i l i ty ,  spectacular technological  
accomp l ishments ( such as space exp loration) , and 
innovation .  Negat ive a t t i tudes l ink computers with 
privacy invas ion , loss  o f  j obs to automation ,  
impersonal izat ion ( as epitomized by the "persona l ized" 
computer-gene rated sales solic itat ion letter) , and 
technocra t i c  e l i t ism .  

Often there i s  a tendency among novices to deve lop 
negat ive att itude s as a consequence of thei r  firs t 
e f forts to use an informat ion sys tem. One approach that 
has been sugge sted for ame l iorating this  problem is  to 
involve potential  users in the design process . The 
assump t ion i s  that such involvement would increase 
de s igners ' awareness  o f  the capab i l ities  and l imitat ions 
of  intended users and also  permi t users to influence the 
deve lopment of systems , thus ensur ing a better 
correspondence between a user ' s capab i l ities  and the 
sy s tem ' s demands .  

Given the ubiquity o f  c omputer-based sys tems and 
thei r  growing importance in more and more aspec t s  o f  
l i fe , gene ral att i tudes toward t hem are o f  s ome 
consequence . A be t te r  understand ing of  how thes e  
atti tudes  are formed would b e  helpful toward the 
promot ion of  att i tude s that are based on an accurate , i f 
l imited , understand ing o f  what c omputers are and what 
they can and cannot do . 

One part icular affective phenomenon that has 
at tracted cons iderab le  at tent ion i s  the mot ivationa l 
power o f  certain types o f  computer-based systems--in 
part icular video games . Some video game s have proven to 
be so  cap t ivat ing to  p l ayers , young and old a l ike ,  as to 
cause fairly wide spread concern about the t ime and 
int e l lec tual ene rgy be ing s pent on t hi s  ac t ivity .  We do 
not know what i t  i s  about the se game s that is  so  
compe l l ing . Research yie ld ing s ome ins ights  into this 
phenomenon could be used const ruct ive ly to des ign 
sys t ems wi th s igni ficant educat iona l potential  that are 
equa l ly motivat ing . 

Accommodat ions t o  Rapid Change 

One of  the mos t  s igni fican t  charac teri s t i c s  of  our age 
is the rapidity of  change resu l t ing from technological  

Copyr igh t  ©  Na t iona l  Academy  o f  Sc iences .  A l l  r i gh ts  rese rved .

Research  Needs  on  the  In te rac t i on  Be tween  In fo rma t ion  Sys tems  and  The i r  Use rs :   Repor t  o f  a  Workshop
h t tp : / /www.nap .edu /ca ta log .php?reco rd_ id=19358

http://www.nap.edu/catalog.php?record_id=19358


-26-

deve lopments .  There i s  no thing to lead us t o  expec t the 
rate of change to decrease in  the near future . On the 
contrary , it seems l ikely to accelerate . How individual s  
and societal groups are affec ted by rapid change i s  not 
we l l  understood , and it seems reasonably c lear that our 
accommodation to change , both as  ind ividual s  and as 
groupe , i s  o ften l e e s  grace ful than we woul d  l ike i t  to 
be . Nowhe re is  change l ike ly t o  be mo re rapid than in 
the informat ion techno logy on which this report i s  
focused . A better abi l i ty to pred i c t  behavioral or 
att itudina l e ffect s  o f  spe� i f ic type s o f  changes would 
have great prac t ical  va lue . 

One potent ia l ly useful d i s t inc t ion in this  regard 
i s  between sys tems tha t do fami l iar things , but very 
much fas ter than was previou s ly poss i b le , and sys tems 
that do new things , perhaps not even though t o f  
previous ly . Account ing systems a r e  examp les  o f  the 
forme r .  Dec i s ion analys i s  and forecast ing systems are 
examp les of  the lat ter . Sys tems that fac i l i tate group 
dec i s ion making fa l l  somewhere in between ; the func t ion 
i s  old , but the new set ting may make performance 
qua l i tat ive ly d i f ferent . Potent ia l users may rej ec t  o r  
accept a sys tem just  because i t  i s  new . If they re j ec t 
the new system ,  they may lose a potent ia lly  useful aid ; 
i f  they accept the new system ,  they may add an a id but 
lose cont ro l of thei r  operat ion . New systems have 
unant ic ipated effects  not only on work pat terns within 
On organization , but also on users ' percept ions o f  the i r  
world . There is  probab ly a l imit to how much innovat ion 
people  can absorb wi thout los ing the i r  intuitive fee l 
for what a sys tem i s  doing ; we need a better under
s tanding o f  the determinants o f  that l imi t and how to 
dea l with it in spec i f ic context s .  

Interac t ing With Inte l l igent Sys tems 

Among the mos t  s igni ficant changes that are l ike ly to 
occur during the nex t few decade s wi l l  be those 
re sul t ing from the deve lopment and pro l i ferat ion o f  
systems and devices that have s ignif icant inte l lectua l 
capabi l i t ies  (Brown , 1 983 ; Manua l and Evanczuk ,  1 983 ; 
Rauch-Hindin , 1 983) . Much e f fort i s  currently being 
devoted to the deve lopment of  "expert systems " o f  
var ious sort s and t o  the app l icat ion o f  art i f ic ia l  
inte l l igence to  a variety o f  problem domains . ( Expert 
systems are systems that have the abi l ity to perform 
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tasks typical ly requiring human expert ise . ) The vas t 
majority o f  expert systems that have been bui l t  are 
exper imental  and are not ready for operat ional 
implementat ion. It seems h ighly l ikely , however ,  that 
within re lative ly few years such systems wil l  be in 
dai l y  use in a variety of context s .  Very l it t l e  i s  
known about how peop le  wi l l  re lat e  to these systems . 
What w i l l determine the ease o r  d i f f iculty with which 
peop l e  wi l l  accommodate to machines that share some o f  
the ir  cognit ive abi l i t ies ? How wi l l  they reac t to  
sys t ems that  may be inte l lectua l l y  superior to  them in 
certain respects ? 

· 

The goal tha t appears to  under l ie much o f  the work 
on inte l l igent systems is to  g ive them capab i l i t ie s  that 
are as  humanl ike as possible . It  is wide ly assumed , for 
examp le , that the preferred med ium for interac t ion with 
a computer-based information sys tem would be uncon
strained natural language . In fac t ,  there is l i t t le 
ev idence that thi s  a s sumpt ion i s  val id . Inasmuch as  
systems with this capab i l ity do not yet  exist , arguments 
on the que s t ion are o f  neces s i ty l arge ly speculat ive . 
The que s t ion i s  immensely  important , however ,  inasmuch 
as it  re lates  to a fundamenta l  aspect o f  informat ion 
systems of the future and the ways in which peop le  wi l l  
interac t with them . To addre s s  this  que s t ion adequately 
wi l l  require deal ing with some fundamental  que s t ions 
about human communicat ion , and wha t communicat ion 
between peop le should or shoul d  not have in common wit h  
communicat ion be tween peop le  and machine s .  

SUMMARY OF RECOMMENDATIONS 

Informat ion technology i s  advanc ing so rapidly that any 
report describing the s tate o f  the art may be obsolete  
by the t ime i t  i s  pub l ished . Consequent ly , the Workshop 
on Experimenta l  Re search Needs for User/ Informat ion 
Sys tem Interac t ion focused on research requirements of a 
general nature that are re lat ive ly independent o f 
spec i fic informat ion sys tems . The recommendations in 
thi s  report require a long-term commi tment to bas ic 
re search that wi l l  be f rui t fu l  for future sys tems a s  
we l l  as  f o r  those in u s e  or  o n  the drawing boards  today . 

Changes in des ign goa l s  for informat ion sys tems are 
warranted by change s in the re lat ive cos t s  of comput ing 
and human resources . Ear l ier des igns were a imed at  
opt imiz ing hardware use  with re lative ly l it t l e  
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considera t ion o f  the impac t on the user . Wi t h  the 
reduc t ion in proc e a s ing c o a t s  that has reaul ted f rom 
technological advance a ,  the empha a i a  baa changed to make 
more e f f ic ient uae of peop l e ' s  t ime . Thua , the inter
act ion between users and informa t ion sys tems mus t be a 
major focus of  research a imed a t improving t o t a l  sys tem 
per formance . In part icular , our knowledge o f  the 
capab i l i t ies and l imitat ions of humans a s  proc es sors and 
users of informat ion mus t  grow cons ide rab ly i f  we are to 
derive the ful l bene f i t s  o f  the engineering advances i n  
informat ion technology .  . 

Informat ion techno logy has b roader imp licat ions 
than i t a  economic value in the workp l ace . Thi s  
techno logy wi l l  permeate the soc i a l  and economic f abric 
of  day-to-day l iving in  many ways , some al ready fore seen 
and pred icted and others beyond curre nt imagining s .  
Although the t ime whe n  computer-based informat ion 
systems wi l l  be found in eve ry home may not be j ust 
around the corne r ,  i t  canno t be very far away . To make 
these sys tems t ruly useful to , and usable by , peop le a t  
a l l  leve l s  o f  sophi s t icat ion , the abi l i t ies , need s , and 
preferences  of potent i a l  users mus t be understood much 
better than they are at present . Onl y  to the extent 
that systems mat ch abi l i ties , meet real needs , and 
sat i s fy pre ferences  are they l ike ly to be accepted by 
users and contribute pos i t ive ly to the i r  produc t ivity 
and the qua l ity  o f  the i r  live s .  

Some o f  the mos t  consequential  human f ac tors i s sue s 
relat ing to informat ion technol ogy have to do  less  with 
the que s t ion of system usab i l i ty than wi th the need to  
understand the imp l ications o f  t h i s  techno logy for 
various aspec t s  o f  the way peop le re late to j obs , how 
they communicate and interac t with each othe r ,  and how 
they perce ive themselves . The se i s sue s pose special 
cha l l enge s to  research because , in many cases , the 
territory to  be exp lored is new , and e f fective researc h  
wi l l  requi re new concept s  and new approache s .  

With these thoughts  in  m ind the workshop 
part icipants ident i fied spec i f i c  research needs : 

Theory Orientat ion 

The re is a pauc ity of  theory-baaed research on 
use r /informat ion sys tem interac t ion . To provide a bas i s  
for cumulat ing the resu l t s  o f  research and making them 
broad ly app l icab le to the des ign and use of these 
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systems , more at tention mus t  be paid to  the development 
of  a theore t ical foundat ion .  

The Acqu i s i t ion and Use o f  Informa t ion 

Informat ion repres entat ion--The d i s t inct ion between 
informat ion and i t s  representat ion mus t be understood 
better in order to improve methods of representat ion and 
their  e f fec t s  on informat ion a s s imilat ion and t rans fer .  

Informat ion seeking--� more thorough understanding 
is needed of the methods peopl e  use to find informat ion , 
espec ia l ly as advanc ing technology permi t s  s torage and 
ready retrieva l of large amount s of information .  

Informat ion f i l tering and evaluation--The 
informat ion peop le  use i s  a sma l l  frac t ion o f  the 
informat ion avai lable to  them f rom many sources . 
Research on e f fect ive means o f  brows ing through , 
f i l tering , and eva luat ing informat ion increases in 
importance as  the amount of avai lable informat ion grows 
exponent ially . 

Informat ion o rganizat ion and management--A& more 
and more j obs  invo lve the manipulat ion of informat ion , 
and increas ing amount s  o f  informat ion become acce s s ible  
for  peop l e  t o  use for the i r  own purposes , there i s  a 
growing need both for a better  understanding o f  how 
peop le  organize and manage informat ion spontaneou s l y  and 
for the deve lopment of techniques that wi l l  help t hem do 
so  more effectively . 

Input -Output Bandwidth 

Methods for increas ing the rate o f  informat ion 
exchange between peop le and informat ion systems are 
needed to  overcome current bandwid th l imitat ions . 
Technique s such as  typing require augmentat ion or 
rep lacement by more rapid  input /output methods . 
Re search i s  required to improve information transmi ss ion 
by the use of  speech , natural l anguage , phys iological 
s igna l s , and sound . 

User Training and Support 

D evelopment of  users ' ski l l s--Be t ter ways mus t  be 
deve l oped to teach people  ski l l s  required for e ffec t ive 
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use o f  information sys tems . 
On-l ine assis tance--Stud ies are needed t o  determine 

the type s of on-l ine assis tance that wi l l  be e t  he lp 
novices  or new users o f  part icular sys tems to  work 
product ive ly with those system• • 

Group probl em solving and dec i s ion making-
Computer-based informat ion sys tems permi t rap id and 
f l exible interac t ion among persons who are 
geographica l ly separated ; ways in which informat ion 
systems might enhance the abi l ity of g roups t o  s o lve 
probl ems and make dec i s ion� should  be invest igated . 

Cognit ive E f fe c t s  o f  Programming 

More conc lus ive evidence o f  the e f fec t s  o f  compute r 
p rogramming on cognit ive ski l l s  i s  needed . If  e f fects  
do occur , they could  have important imp l i cat ions for  
educat ion and t raining . 

Informat ion Techno logy and Jobs 

The e f fect o f  informat ion technol ogy on j obs and j ob 
ski l l s  i s  not ful ly under s tood at thi s  t ime . New 
concept s  o f  work and l e i sure may have to evo lve . 

At t itudes and Accommodat ion 

At t itudes and a f fect --Many peop le have s t rong 
pos i t ive or negat ive a t t i t udes toward computers . Thes e  
attitudes inf luence their  approach t o  the u s e  and 
pro l i ferat ion of informat ion sys tems in many aspect s  o f  
da i ly l iving , and the ir causes  s hould b e  s tudied . 

Accommodat ion to rapid change--Technology , 
espec ial ly informat ion techno l ogy , i s  advanc ing so  
rapid ly that we c annot ant ic ipate in detai l the 
economic , soc ia l , and psychologica l changes tha t wi l l  
occur as a consequence even i n  the re lat ive ly near 
future . It  becomes important , there fore , to understand 
what kind s o f  effec ts rap id c hange can have , somewhat 
independent l y  o f  the charac ter o f  the change . 

Interac t ion with inte l l igent sys tems--The 
acqu i s i t ion by informat ion sys tems of increasing l y  
sophist icated capab i l i t ies o f  a c ogni t ive type raises 
many que s t ions regarding the rol e s  and funct ions o f  
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peop l e  in the workp lace and the re l ationsh ip s  betwee n 
peop le and the se sys tems . Thi s  t e r r i tory i s  s o  
unexp l ored tha t w e  hard ly know how t o  approach i t , but 
it  could  we l l  b e  the s ing le mos t impor tant cha l l enge t o  
res earch re lat ing to  the interac t i on be tween users and 
information systems . 

CONCLUS ION 

We noted in the i nt roduc t �on to this report that research 
on use r / informat ion sys tem interac t ion may invo lve some 
fa lse  starts  and some t rial-and-error exp lorat ion , 
because the territory i s  new and not we l l  marked . We 
noted too that the rea l cha l lenge i s  p robab ly that o f  
ident i fy ing the kind s  o f  ques t ions that w e  shou ld be 
asking . We have ind icated what we think s ome of those  
que s tions are . The l is t  we have produced i s  ne i the r 
exhaus t ive nor f inal  in any s ense , but i s  rather a s e t  
o f  reasonab l e  point s of  departure for research.  We 
fu l ly expec t that one o f  the maj or outcomes of the 
research we have sugges ted wi l l  be a be tter under
s tand ing of the que s t ions we should be asking , and the 
ab i l ity to  articulate those  que s t ions more prec isely  
than we have d one here .  In  the proces s  o f  l earning how 
to frame better que s t ions , we should learn something 
also about how to make better use of information 
technology , to fac i l i tate the furthe r deve lopment of i t s  
enormous potential , and t o  he lp ensure i t s  app l icat ion 
t o  human and humane goa l s .  
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