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c. I 

NOTICE1 The project that is the subject of this report was 
approved by the Governing Board of the National Research 
Council, whose members are drawn from the councils of the 
National Academy of Sciences, the National Academy of 
Engineering, and the Institute of Medicine. The members of the 
committee responsible for the report were chosen for their 
special competence& and with regard for appropriate balance. 

This report has been reviewed by a group other than the authors 
according to procedures approved by a Report Review Committee 
consisting of members of the National Academy of Sciences, the 
National Acade.y of Engineering, and the Institute of Medicine. 

The National Research Council was established by the National 
Academy of Sciences in 1916 to associate the broad community of 
science and technology with the Academy's purposes of furthering 
knowledge and of advising the federal government. The council 
operates in accordance with general policies determined by the 
Academy under the authority of its congressional charter of 
1863, which establishes the Academy as a private, nonprofit, 
self-governing membership corporation. The Council has become 
the principal operating agency of both the National Academy of 
Sciences and the National Academy of Engineering in the conduct 
of their services to the government, the public, and the 
scientific and engineering communities. It is administered 
jointly by both Academies and the Institute of Medicine. The 
National Academy of Engineering and the Institute of Medicine 
were established in 1964 and 1970, respectively, under the 
charter of the National Academy of Sciences. 

The Committee on Human Factors in the Commission on Behavioral 
and Social Sciences and Education is sponsored jointly by the 
Air Force Office of Scientific Research, the Army Research 
Institute for the Behavioral and Social Sciences, the Office of 
Naval Research, the National Aeronautics and Space 
Administration, and the National Science Foundation. 

This work relates to Department of the Navy Grant No. 
N00014-85-G-0093 issued by the Office of Naval Research under 
Contract Authority NR 196-167. However, the content does not 
necessarily reflect the position or the policy of the 
government, and no official endorsement should be inferred . 

The united States government has at least a royalty-free, 
nonexclusive and irrevocable license throughout the world for 
government purposes to publish, translate, reproduce, deliver, 
perform, dispose of, and to authorize others so to do, all or 
any portion of this work. 

Available from1 Committee on Human Factors, National Research 
Council, 2101 Constitution Avenue, N.N., Washington, D.c., 
20418. 
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FOREWORD 

The Committee on Human Factors was established in October 

1980 by the Commission on Behavioral and Social Sciences 
and Education of the National Research Council. It is 
sponsored by the Office of Naval Research, the Air Force 

Office of Scientific Research, the Army Research Institute 
for the Behavioral and Social Sciences, the National 

Aeronautics and Space Administration, and the National 

Science Foundation. The principal objectives of the 

committee are to provide new perspectives on theoretical 

and methodological issues, identify basic research needed 

to expand and strengthen the scientific basis of human 
factors, and to attract scientists both inside and 

outside the field to perform needed research. The goal 

of the committee is to provide the solid foundation of 
research as a base on which effective human factors 
practices can build. 

Human factors issues arise in every domain in which 
humans interact with the products of a technological 
society. In order for the committee to perform its role 
effectively, it draws on experts from a wide range of 

scientific and engineering disciplines. The committee 

includes specialists in the fields of psychology, 

engineering, biomechanics, cognitive sciences, machine 

intelligence, computer sciences, sociology, and human 

factors engineering. Other disciplines participate in 
the working groups, workshops, and symposia organized by 

the committee. Each of these disciplines contributes to 
the basic data, theory, and methods required to impr.ove 

the scientific basis of human factors. 

ix 
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PREFACE 

Computers are pervasive in civilian and military 
equipment systems. The compatibility of computer-based 

devices and human users is predominantly dependent on the 
characteristics of the software. The term software 

human factors refers to the process of designing 

software to be effective for human use, i.e., easy to 
learn and use, productive, and efficient. However, no 

specific efforts have been made to operationally define 
the objectives of software human factors--a necessary 

step both to focus research goals and to provide a 
framework for development of general application 
principles. 

While a large amount of research has been performed on 

software features related to ease of use or user compat­
ibility, most of these studies have been limited to a few 
features investigated in a specific context. Conse­
quently, results from different studies cannot be inte­

grated, and it is hard to draw conclusions that can be 
generalized to other situations. Overriding problems in 

the development of principles of software human factors 
are the lack of knowledge of how research on software 

human factors should be conducted and a paucity of tech­

niques for measuring performance. For example, little is 

known about how to collect user data on •ease of 

learning, • how to define errors, how to record complex 
response-time metrics, and how to measure user 

satisfaction. 
Researchers interested in the development of principles 

for the design of user-compatible software have great 
need for guidance in both research methods and performance 
measurement techniques. As an initial effort to fulfill 
this need, the committee conducted a two-day workshop to 

bring together highly qualified researchers with knowledge 

xi 
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about how to design software to be usable based on 

studies in diverse fields. 
The Workshop on Software Human Factors was convened in 

June 1983 in washington, D.C. The impetus for the 

workshop grew directly from the review of the state of 
research and practice in human-computer interaction in 

the committee's 1983 report, Research Needs for Human 
Factors. The workshop had three goals: 

o To identify current methods used to design and 
evaluate human factors aspects of software, 

including overall design and methods for collecting 

data on user performanceJ 
o To ascertain what we know from software research 

results that we did not know 10 years agoJ and 
o To identify new research methods that are needed, 

both to develop design principles for software and 
to discover how users understand software systems. 

A group of 14 nationally recognized, active researchers 
in the field of human-computer interaction from both 

industry and academia were invited to participate in the 
workshop. These workshop members represented a variety 

of pertinent disciplines, including human factors, cogni­

tive psychology, computer science, experimental psychol­

ogy, social psychology, and business administration. The 

relevant bodies of knowledge represented by the partici­

pants include experimental design and data analysis, human 

performance measurement, software design, information 

processing, learning, and attitude assessment. Prior to 

the workshop, participants prepared short, informal posi­
tion papers on the issues for distribution. To accomplish 
the goal of collecting the desired knowledge about the 
design of software, the group spent two days listing both 
design and evaluation methods currently in use for the 
product development of good software and relevant research 

methods for understanding basic issues in user-software 
interaction, describing each method and constructing a 

list of references in which these methods are usedJ 

categorizing methods according to their uses in various 

stages of software product development or in more basic 

researchJ and suggesting new methods and techniques, 

designating their possible uses, and indicating which 
appear to have high near-term payoff. 

The technical aspects of the workshop were organized 

by committee members Nancy s. Anderson and Alphonse 
Chapanis. The meeting was chaired by Nancy Anderson. 

xii 
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The report that follows, edited by Nancy Anderson and 
Judith Reitman Olson, is based on discussions from the 

workshop and written materials and references contributed 

by the participants during and subsequent to the workshop. 
Special appreciation is extended to Robert T. Hennessy 

and M .  Jeanne Richards, formerly of the committee staff, 

for their contributions in making the sessions productive 

and pleasant, to Stanley Deutsch, study director of the 

committee, for his contributions to the organization and 

preparation of the reportr to Christine McShane, of the 
Commission staff, for editorial supportr and to Anne 
Sprague, administrative secretary, for secretarial and 
administrative support. They all helped to usher this 
report to publication. 

Nancy s. Anderson, Chair 

Workshop on Software Human Factors 
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INTRODUCTION 

At present, software for specific applications and 

user-computer interfaces are aggressively developed in 

industry, but they are designed largely with only the 

designer's intuition as guide and often without empirical 
testing with end users. Two observations made in a 
popular software magazine point out the resulting problem: 

The computer systems and software we have today 
are too damn complicated for the end user. There 
is too much to learn, too many fiddly details, too 

much jargon, too much said that shouldn't be and 
not enough said that should be • • • (A. 

Johnson-Laird, Software News, April 1982) . 

Data processing still has one ongoing problem to 

solve: the end user's dissatisfaction with 

today's systems. The entire industry has been 

grappling with this problem of ergonomics, or the 
interface between human and machine. In the case 

of data processing, ergonomics involves the 

development of •user-friendly• systems which can 
be operated by the user at the terminal and which 
generate results that the user can understand and 
utilize (M. Parks, Software News, February 1983) . 

Because of such difficulties, some industry and 
academic research groups are developing an interest in 

gathering and building appropriate guidelines from basic 

research and incorporating these guidelines and observa­
tions of users' behavior into the design process. A new 

field has emerged called software psychology or the 

psychology of human-computer interaction. It is in a 
very exciting state--a relatively new amalgam of 
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experimental/cognitive psychology , computer sc ience , 
bus iness , and eng ineering . 

The f ield is growing in a variety of sector s .  There 
are mor e human factors groups in industry than ever 
before . Approximately 50 univer sities in th is country 
and abroad have PhD programs in human-computer inter­
action , which are housed in psychology , computer science , 
social sciences , eng ineering , bus iness , and English 
depar tments (Mantei and Smelcer, 1984) .  Many more schools 
offer one or more courses in the area . The Association 
for Computing Mach inery has a Special Interest Group for 
Computer-Human Interaction (SIGCHI) . The Human Factor s 
Society has a group called the Computer Systems Technical 
Group , which is concerned wi th human factor s aspects o f  
inter active computing systems , the data process ing 
environment , and software development .  Consumer demand 
for computer s  is increas ing at a rapid pace , and many 
schools are acqu ir ing computer s for tutor ing and the 
word-process ing and mathematical tools that they provide . 
The systems that sell are those that provide the r ight 
usabil ity and functionality--that provide the r ight 
des ign for the end user . 

THE NEED FOR NEW METHODS 

Des ign ing systems to fit the end user is a difficul t 
process . The field is search ing for new methods . 
Class ical exper imental designs (e .g . , controlled 
factor ial des igns) may not be appropr iate for industr ial 
settings in wh ich cost-e ffectiveness and timel iness are 
major concerns . However , tests of s ingle , intuition­
driven des igns with users , measur ing the ir per formance 
and satisfaction , do not advance our gener al knowledge 
about des igns and do not indicate why cer tain features 
are good or bad . 

There are , however , hybr id methods being used in 
industry , and new , more complex laboratory tests being 
constructed to assess user s • per formance in and under­
standing of complex systems . These methods are descr ibed 
below , along with their advantages and disadvantages and 
where they fit into the product development cycle . Each 
method is annotated with references to a few key articles 
that repor t i ts use . 
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3 

THE PRODUCT DEVEIDPMENT CYCLE 

Software products are typically developed in three 
general stages :  

1. Analys is--the product ' s  functionality and 
initial hardware/software constra ints.are 
determined , analys is is made of the product ' s  
projected costs and benefits ,  and a 
development schedule is projected . 

2 .  Design--the product i s  des igned , first a t  the 
level of functional spec i fications and later 
in complete detail , then coded and tested , 
ending with a r unning system . 

3 .  Implementation--the product is distr ibuted and 
installed in its final locations , and user s 
are tra ined and then operate the equ ipment . 

At all three stages human factor s cons iderations 
appear : 

1 .  In assessing user s ' needs and capabil ities 
dur ing the analys is phase: 

2 .  I n  des igning and redes ign ing the system with 
human factor s principles of usability ,  and in 
testing prototypes with end user s dur ing the 
des ign stage: and 

3 .  In mon itor ing use of the system after its 
implementation , gather ing information for 
r edesign to cor rect error s  or to add new , 
use ful features . 

I n  what follows the methods appropriate to each of 
these stages are descr ibed . These methods , or their 
v ar iants, are useful for both labor atory research and 
industry . They may be used in the slower , more con­
trolled environment of the labor atory ,  where research is 
des igned to study people ' s  performance on complex tasks . 
And they contr ibute equally to des ign and evaluation in 
industry , where timel iness is frequently considered to be 
more impor tant than the ability to generalize from the 
results . 
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IItMAN FACTORS ME'l'BODS IN RESEARCH AND PRODUCT DBSIGN 

ANALYSIS : GATHBRING IDEAS 

The ideas beh ind products typically ar ise froa three 
major sources : from the r edesign of an existing product, 
from an identified need in the mar ketplace , and from a 
new technological capability that prov ides a useful new 
function to users .  Information about the success o f  
existing products can b e  obta ined e i ther by ask ing the ir 
user s for the ir opinions and uses of the systeas or by 
gather ing unobtrus ive data about their use . Information 
about a new product can coM from repor ts of needs from 
potential user s .  

Repor ts from Users 

Questionnaires and interviews are the most common 
methods for gather ing information about the success of a 
product or the needs for new functions or a new product . 
Both questionnaires and interviews are good methods for 
eliciting information about how a per son goes about h i s  
or her wor k , what a ids or tools h e  o r  she uses o r  desir es, 
what k ind of knowledge or tra in ing is required to do the 
work , what d i fficulties he or she repor ts about the wor k, 
where the work or ig inates and where it goes , what inter­
actions are necessary with other people to do the wor k , 
and how the user th ink s the wor k process could be 
improved . Questionnaires are more r igid in format than 
interviews , s ince interviews can go where the interviewee 
leads , often uncovering unanticipated new information . 
The pr inc ipal disadvantage of interv iews , however , is  
that they are tiM-consuming, only one per son can be 
interrogated at a tiM . By aggregating information from 

4 
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5 

a number of  interviewees or questionnaires , one can 
constr uct a general picture of user s ' needs and constr uct 
some tentative system concepts for helping the users do 
their wor k (Kelley and Chapanis , 1982J Rosson , 1983). 

Diaries provide a s imilar form of informal data 
gather ing and are used to uncover the needs and capabil­
ities of the potential user s of a new product . Data 
about work can be gathered in deta il over a long per iod 
of time , especially about how much time par ticular k inds 
o f  activities take and their sequential dependencies . 
Because a shor ter time elapses between the occurrence o f  
an event and i ts repor t ,  diar ies give a more accurate 
record of actual activity than retrospective repor ts in 
questionnaires and interviews (Mante i and Haskell , 1983). 

A common marketing techn ique for gather ing in formation 
about existing or potential user s '  needs is the focus 

group. Instead of interviewing a s ingle user at a time , 
groups of user s who ar e e i ther s imilarly tra ined or who 
share common goals are first told about some potential 
capabili ties of a system , then asked to discuss how they 
m ight f ind uses for these capabilities . Occas ionally 
active bra instorming from these sess ions generates ver y 
good ideas . The same k ind of method is used to collect 
opin ions about an existing product and to ask for sug ­
gestions for improvements . Often des igners will gather 
exper t user s of a system and ask the ir opin ion about how 
to improve the system or how to design a new , computer­
based tool for aiding their work (Al-Awar et al . ,  1981). 

The advantage of such me thods is that the par ticipants 
stimulate each others ' thoughts , uncovering ideas or 
s uggestions they may not have thought of individually . 
That is also its disadvantage : a par ticipant ' s  true 
opinions can be swayed by group pr essur e .  

Inferr ing Needs from Natural Observation 

One of the main drawback s of the me thods l isted above 
is that they rely on users ' perceptions of the ir needs 
and capabilities . Sometimes new products meet needs 
unforeseen by the ir user s, sometimes users , either 
consciously or unconsciously , distor t the ir daily wor k 
activi ties and feel ings about existing working conditions . 
In  such cases , i t  may be better to collect information , 
not by ask ing users , but by watching their behavior and 
infer r ing the ir needs and capabilities from their 
activities . 
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Two methods ar e often used to collect information 
about user s ' behavior in natural wor k settings . In the 
case of activity analysis, an observer watches and 
records cer ta in behav ior s of the wor ker s .  The data may 
be collected by d irect observation or by analyz ing video 
or film r ecordings . Individual samples of categor ized 
activi ties are aggregated into activity frequency tables , 
g r aphs , or state trans ition diagrams . Such per formance 
analyses are particular ly use ful in assess ing the changes 
made in wor k by compar ing activity before and after a new 
sys tem or design change is implemented (Bar tley et al . , 
19777 Boecker and Pew , 1980). 

Logging and metering techn iques involve observations 
of what a user does with a system , but the measurement is 
embedded directly into the software .  These procedures 
can include a s imple r ecord with a time-stamp of every 
interaction that a user makes wi th the computer , or i t  
can involve a complete hard copy r epr esentation o f  a 
sequence of par ticular display frames . Power ful logg ing 
and metering software can also categorize cer tain 
recogn izable events and summarize their times . FOr 
example , one could summarize such events as time to 
complete a task , user and/or system response ti.a , and 
frequencies and types of error s .  

Logg ing and meter ing procedures are typically embedded 
in the oper ational software .  Where there are l imi ts to 
the access to such software ,  one can connect a second 
computer in tandem to the first and direct data about the 
user ' s  activities to it , in essence provid ing a •pass ive 
tap . • In this way , logg ing does not inter fer e with system 
response times , and information about the user inputs and 
the system r esponses can be recorded in deta il for future 
use (see Whiteside et al . , 19827 Goodwin , 1982). 

DESIGN : THE INITIAL DES IGN 

Des igner s go through two stages in constructing an 
initial design , either impl icitly , dr iven by intuition or 
exper ience , or explici tly , using some or all of the 
detailed tools descr ibed below . First , the designer s 
decide what the user is going to do , conducting an 
informal or formal task analysis . Second , they specify 
wha t the inter face will look l ike and what the dialog 
will consist of . Ther e are a var iety of methods that 
apply to th is stage , where designer s use informal or 
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formal guidel ines , consult end users , or have some 
theory-based j udgments to dr aw on . 

Determin ing What the User Needs to Do 

The most common form of analyz ing the user ' s  activities 
is called a task analysis. Task analys is is the proces s 
of analyz ing the functional r equirements of a system to 
ascer ta in and descr ibe the tasks that people per form . I t 
focuses both on how the system f i ts with in the global task 
the user is try ing to per form (e .g . , prepare a repor t of 
a projected budget) and what the user has to do to use 
the system (e .g . , access the appl ication program , acces s 
the data f iles , e tc .) .  

Task analys is has two major aspects : the first 
specifies and descr ibes the tasks , and the second , and 
more impor tant , analyzes the specified tasks to determine 
such system or env ironmental character istics as the 
number of people needed , the sk ills and knowledge they 
should have , and the tra ining necessary . The first step 
involves decompos ition of tasks into the ir constitutent 
subtasks and annotating each subtask for its essential 
e lements and the ir interdependencies . The second s tep 
involves examinat ion of the actual tasks and interdepen­
dencies , assess ing how difficult each is , what knowledge 
is requ ired , where the information res ides , etc . Results 
of task analyses are used not only in wr iting functional 
speci fications for a par ticular appl ication , bu t also for 
ass ign ing wor k to groups of wor ker s ,  arranging equ ipment 
in an effic ient configuration , determin ing task demands 
on people , and developing oper ating procedures and tr ain­
ing manuals (see Bullen and Bennett , 19837 Bullen e t  al . ,  
1982) . 

Specify ing the Initial Design 

An initial system or inter face des ign is constructed 
next . With the global tasks the user has to per form 
speci fied as above , the designer groups the subtasks 
according to logical function from the per spective of the 
user bu t tempered by system{hardware constra ints . Then 
the actual inter face or system deta ils come from three 
sources : des ign gu idel ines or pr inciples , intuitions o f  
the des igner sometimes a ided b y  intu itions o f  the user s 
themselves , and theory-based judgments . 
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In generating an initial des ign , the designer can 
address existing design guidelines for gener al prescr ip­
tions of how to specify par ticular components of the 
inter face . For example , if the inter face has a menu , th e 
gu idel ine may prescr ibe that the alternatives should be 
l isted by order of frequency of use or cluster them 
according to functional s imilar ity ,  rather than displayed 
alphabetically or randomly . Cur rent des ign gu idel ines 
(e .g . ,  Woodson and Conover , 19667 Van Cott and Kinkade , 
1972) include prescr iptions about such topics as the 
r eadab ility of type fonts , the br ightness levels of 
display screens , keyboards designed to fit hand shape and 
function , and r ules for mak ing abbreviations and symbols 
(see also Schne iderman , 19827 Smi th , 1982) . 

Cur rent guidel ines , however , are more concerned with 
perceptual and per formance characteristics than with the 
cognitive proper ties of the interaction . Thus , they 
would prescr ibe appropr iate type fonts , but not what 
words these fonts should express to the user to suggest 
the appropr iate analogy for per forming the task on the 
system . There are several ma jor caveats in the use of 
des ign guidel ines : the prescr iptions or recommendations 
contained may have been derived from s ituations or 
research not appl icable to the system be ing des ignedJ new 
or unaccounted for var iables may inter act in unanticipated 
ways7 and current guidelines do not always publ ish the 
source of the recommendation , whether it was generated by 
a controlled laboratory study or der ived from the col­
lected w isdom of exper ience . Guidel ines have to be 
appl ied with care . 

Though design guidel ines have the ir flaws , they are 
very useful in plac ing a par ticular new des ign in a 
setting of conventional wisdom . Often the des igner , 
skilled in interact ing with systems and cogn izant of the 
end tasks that are be ing suppor ted in this des ign , cannot 
for esee the difficulties the new user will have with the 
system . Design gu idel ines provide suggestions to the 
des igner that will in many cases be better than those 
based.solely on intu ition . (For a r ecent ver s ion of 
gu idel ines , see Smi th , 1984 . )  

The skills and knowledge of users themselves can be 
used to advantage by incorpor ating user s in the des ign 
team . User s can provide some cr itical ins ights about how 
they think of the task and thus the system (e .g . ,  what 
k inds of information should be access ible when , what the 
screens should look l ike to mimic the or ig inal , a 
noncomputer version of the task , what commands ought to 
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be called) . They know the procedures and terainology 
and, with proper suppor t, can contr ibute to the design 
and layout of foraa and menus as well as act as cr itics 
o f  the des ign . Gould and Lewis (1985) and Miller and Pew 
(1981) provide examples of the involvement of users in 
the des ign process . Other ways in wh ich the soph isticated 
user can be involved in the des ign of software systems 
can be found below in the section on prototype testing 
with user s .  

A th ird source o f  information about the or ig inal des ign 
specification is psycholog ical theor ies .  Theory-based 

judgments can constrain aspects of a des ign or suggest 
promis ing ar eas of investigation . Por example, theor ies 
of color contrast can prov ide ins ight into the appro­
pr iateness of cer ta in comb inations used in screen high­
l ighting or predict the r eadab ility of a new aonochrome 
display color . Because Pitt ' s  Law accounted for movemen t 
t ime for placing a cur sor in a des ired pos ition with a 
mouse and for plac ing the appropr iate f inger on a des ired 
k ey location, two conclus ions follow : the invention of 
faster po inting devices was unl ikely to increase per for ­
mance and the des ign of keyboards with larger per ipher al 
key caps would incr ease the accuracy of keying (Card e t  
a l . ,  1978J Card et al . ,  1980b) . 

Par t of the difficulty in constructing a des ign and 
analyz ing i ts usability has to do with how the inter face 
is spec i f ied . Verbal descr iptions of how a system work s  
are par ticular ly unsu ited for conveying the flow o f  an 
interaction and the choices the user has at each point . 
Several specif ication languages or formats have been 
explored recently not only to serve as a way of conveying 
to those who actually bu ild or code the system what it 
will do but also as a way of concretely specifying the 
system to analyze its usability .  

One way to speci fy the interaction i s  to use an inter­
a ctive tool k it called a human-computer dialog management 

system. Th is system gu ides the definition of the inter­
action language that descr ibes the actions of the use r 
and the system and the screen formats displayed at each 
moment . Har tson et al . (1984), Jacob (1983), and 
Wasserman (1982) provide good examples of th is k ind of 
inter face def inition . *  A second format for displaying 

*This is also a system that allows rapid embodiment of 
the funct ion ing of a new, developing system and thus is a 
tool for r apid prototyping . 
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what the system does at each state is a state transition 

diagram, r ecently used as a descr ipt ion of a systea ' s  
wor k ings in K ieras and Polson (1983) . 

DESIGN: FORMAL ANALYSIS OF THE INITIAL DESIGN 

Once an in itial des ign is specif ied, even i f  i t  is a 
par tial des ign, i t  can be subjected to sever al k inds of 
scrutiny . The goal in th is analys is stage is to make the 
in itial des ign as good as poss ible before it is made into 
the prototype for user testing . Three methods aid in 
th is process: structured walk-throughs, decompos ition, 
and task-theoretic analytic models . 

Structured walk-throughs involve constr uction of 
tasks that a user carr ies out on a s imulated systea. The 
user tr ies out the system by go ing through the task, step 
by step, screen by scr een, command by command . Th is can 
be done with the des ign as specified in a number of 
d ifferent formats, us ing an exper imental s imulation of a 
prototype or even with the exper imenter presenting paper 
and pencil figures of the screens, menus, and commands in 
the appropr iate sequence . The techn ique helps to identify 
confus ing, unclear, or incomplete instructions, illog ical 
or ine fficient operations, unnatural or difficult proce­
dures, and procedural steps that may have been over looked 
because they wer e impl icitly rather than expl icitly 
defined . Gould et al . (1983), Ramsey (1974), Ramsey e t  
al .  (197 9), and We inberg and Fr iedman (1984) provide 
examples of the use of structured walk-throughs . 

A second k ind of formal analys is, called decomposition, 

is proposed in Re itman et al . (1985) . In th is analys is, 
the major components of the des ign ar e separated and 
analyzed for the ir impact on cogn ition . The picture 
displayed on the screen, for example, is assessed for how 
i t  helps or h inders the user ' s  ab il ity to perce ive mean­
ing ful relationsh ips or the system model . The commands 
are assessed for the ir load on long-term memory, how easy 
they are to remember , and how confusable they are a110ng 
each other . For each component, a second des ign alter na­
tive is constructed to fit  with in the general gu idel ines 
of  usability .  Then, through discuss ion and debate, the 
des ign team decides wh ich alternative of each component 
i s  the better des ign . Th is method encourages careful 
scrutiny of the proposed des ign and often encourages 
des igner s to specify better inter faces before the first 
prototype is bu ilt . 
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The th ir d k ind of forul techn iques invok e task­
theoretic analytic models. These .adels prov ide 
repr esentations and analyses that assess, for example, 
wh ich par ts of a metaphor a id per formance and wh ich do 
not (Douglas and Moran, 1983) and how big the user ' s  
shor t-term memory load is at each step of the interaction 
(K ieras and Polson, 1985) . Pr ime examples of these tech­
n iques include metaphor analys is (carroll and Thomas, 
1982J Car roll and Mack, 1982), assessment of mental 
models (deKleer and Brown, 1 9 83J deKleer and Brown, in 
press, and other s in Gentner and Stevens, 1983), develop­
ment of production r ule systems that represent the user ' s  
knowledge o f  the task (K ieras and Polson, 1985), object/ 
action analys is (called •external/internal task upping • 
by Mor an, 1983), the GOMS model (Card et al . ,  1980bJ 
1983), and formal grammar notation systems (Re isner, 
198la, 1984J Blesser and Foley, 1982). 

These task analytic .adels ar e very useful tools . 
However, none of them ye t encompasses all of the cogni­
t ive aspects of the interaction, each focuses on one or 
more impor tant aspects . These methods requ ire tra in ing 
to use and often take a long t ime .  However, they all 
have the advantage of be ing based on sound theor ies of 
human behav ior and can prov ide impor tant analys is of 
usability be fore any cod ing of softwar e or running of 
s ubjects is contemplated . There is a trade-off, then, 
between time spent in analys is and time spent test ing 
user s in the laboratory or the f ield . The hope embodied 
in th is approach is that as the science of user-inter face 
des ign grows, analytic tools will improve to the point of 
mak ing the actual user test ing of des igned sys tems merely 
a last, shor t check of a good, f in ished des ign. 

DESIGN 1 BUILDING A PROTOTYPE 

Three methods prov ide s imulations or quick ver s ions of 
s ign ificant aspects of a new system so it can be tr ied by 
actual user s .  The methods ar e called facading, the 
Wizard of Oz techn ique, and rapid prototyping . 

Facading is the techn ique of quick ly and inexpen­
sively building a s imulation of the exter nal appear ance 
(i . e . ,  the • facade •) of a system ' s  interface . I ts advan­
tages are that it is quick and relatively easy, the target 
system ' s  underlying complexity and/or f inal computational 
capab ility is • f inessed. • To be maximally beneficial, 
the facade must embody some level of the functional 
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capability of the f inal targe t system . I t  does not jus t 
gener ate a ser ies of s tatic snapshots of the system but 
rather includes the control structure, flow, or connect iv­
i ty of the f inal system. Hanau and Lenorovitz (1980) and 
Lenorovitz and Ramsey (1977) provide good examples of the 
use of th is technique . 

A var iant of the facading technique is the Wizard of 

Oz techn ique . Instead' of hav ing the computer embody the 
s imulated system, b idden human operator s intercept user 
commands and prov ide output back to the user . Often the 
techn ique is used to tes t a new inter face language : the 
h idden human oper ator intercepts the new commands, trans­
lates them into the real system commands, and, after 
r ece iving output from the r eal computer system, retr ans­
lates them back to the tested end-user (see Gould et al . ,  
19831 Gould and Bo ies, 19781 Ford, 19811 Kelley, 1983J 
Wixon et al . ,  1983) . 

Rapid or fast prototyping ar e terms appl ied to the 
more formal ized building of a prototype in a hurry.  The 
speed of bu ild ing a r unn ing system depends ma inly on the 
under lying suppor ting software, wh ich makes the speci fic 
prototype programmable from exist ing modules . Ideally, 
the prototype programming language separates elements of 
the dialog from the actual implementat ion software .  For 
example, the des igner can speci fy the placement of the 
command input l ine or the menu choices var iously wi thou t 
hav ing to program new modules to execute these different 
input formats . One of these, the •dialog management 
system, • is  under development by Har tson and h is 
colleagues (Har tson e t  al . ,  1984J Yunten and Har tson, 
1984)1 another system is descr ibed in wasserman (1982) 
and wasserman and Shewmake (1982) . Another project that 
uses r apid prototyp ing methods is r epor ted in Hayes et 
al . (1981). 

DESIGN : PROTO'l'YPE TESTING WITH USERS 

When a prototype of some form has been bu ilt, actual 
user s ar e then brought in to use the system and repor t 
the ir opin ions about it . These tests can vary gr eatly in 
how well controlled the ir des igns are and how r epresenta­
tive the set of tested user s ar e of the f inal population 
of user s .  Moreover, user s ar e asked to perform sever al 
kinds of tasks, some testing the normal, frequent task s 
that regular user s will be expected to per form, other s 
test ing those subtasks thought to be especially difficul t 
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either for the system (e . g . ,  those producing long system 
r esponse times) or for the user (e . g . ,  the longest 
sequence of co..ands for a par ticular type of task) . 
Prototype tests di ffer in what k inds of data are taken 
from the user--times and errors, th ink ing aloud protocols, 
or attitudes . 

Exper imental Des igns 

Field tests to evaluate systems are fash ioned after 
labor atory tests common in the academic f ield of exper i­
mental psychology . In gener al, they requ ire the compar i ­
son of at  least two systems, systems that differ i n  only 
one component or var iable . Measur es are des igned to 
r eflect the per formance attr ibutable to the effects of 
that var iable, and subjects are chosen to be representa­
t ive of the population of end user s .  Of par ticular impor­
tance ar e var ious techn iques for controll ing irrelevant 
var iables . For example, one aust ensur e that measures of 
intell igence of the tes t subjects do not differ across 
both conditions, affecting the results in addition to the 
effects of the independent var iables . 

Often the r ules of good exper imental des ign are 
violated in the interes t of proceeding quickly . Subjects 
who are different from the end user s but more ava ilable 
may be tested7 compar isons may be made between two systems 
that di ffer on more than one var iableJ measures may be 
taken that ar e less sens itive than those that will 
d irectly test why per formance on one system is better or 
worse than another, occas ionally only one system is 
tested and per formance on it is measured aga inst some 
predetermined standard (e . g . ,  a 10-minute rule for time 
to learn a system) . The closer the test is to good 
exper imental des ign, the more qu ickly the f ind ings can 
advance knowledge about the impor tant aspects of good 
human-computer inter face . However, as is often the case 
in development, the goal is not ultimate knowledge but 
rather global assessment of the adequacy of a par ticular 
inter face or system. A compromise des ign procedure is 
descr ibed in Re itman et al . (1984) . The use of exper i­
mental des ign is found in Ledgard et al . (1981), Re isner 
et al . (1975), Re isner (1977, 198 lb), and Will iges and 
Will iges (1982) . 

One var iant from controlled exper imental evaluation 
that has been found useful in the development of inter ­
faces is called quasi-experimental design. These 
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designs involve captur ing data at several tiae intervals , 
typically of durations measured in weeks or .antha . 
SOmetime dur ing the data captur ing intervals , a change or 
a modification of a system is introduced , the data being 
captured are expected to reflect the iapact of th is 
change . some of these quas i-exper imental des igns allow 
for compar isons with a control group . These designs ar e 
hard to control , s ine• the investigator auat typically 
take existing groups of users , g iving one the change and 
the other no change . Inherent differences in existing 
groups is a aajor worry in evaluating the results . A 
complete descr iption of th is technique can be found in 
Cook and Caapbell (1979) J Koltua (1982) and Rice (1982) 
prov ide good exaaples of th is method . 

Selection of Tasks to Per form 

There are two r easons one has user s try out a prototype 
systeaa to identify points of diff iculty for the user so 
that those points can be redes igned and to measure stan­
dard use of the systea , so that later changes in hardware 
can be assessed or so those concerned with the staffing 
of a large operation of users can determine how many 
people will be needed . POr the f irst purpose , tasks are 
selected that stress the system and the user , generally 
called cr itical incidents . For the second purpose , tasks 
ar e selected to estimate bas ic character is tics of the 
system ' s  use , called benchmar k  teats . 

In teras of critical incidents, the goal is to se t 
up s ituations or tasks that have been shown h istor ically 
to tax the user and/or the aystea and are suffic iently 
impor tant that·they can aake the difference between 
success or fa ilure on task or system per formance . One 
might,  for example , require the user to access items 
distant from what is be ing presented on the current 
screen or to per fora a long command sequence , to deter­
mine the loads of th is par t of the des ign on the user ' s  
abil ity to iaag ine the stored information ' s  underlying 
structure or the mnemonic character istics and gra..atical 
r ules impl ied by the command sequences . The goal is to 
set up si tuations in which the data will tell the 
des igner s someth ing about the l iaits of human or systea 
per foraance . These tasks are illustrated in the wor k o f  
Al-Awar et al . (1981), Kelley and Chapanis (1982), and 
Flanagan (1954) . 
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In benchmark tests, the goals are quite different . 
The des igner wants to measure the l ikely per formance 
times and error s  expected in noraal use . The tasks ar e 
not des igned to tax the system or the user, but r ather to 
be representative of the k inds of fr equent tasks the 
system w ill normally suppor t .  Typically, tasks are 
constructed to measure the expected amount of time 1 t 
takes a new user to learn a system, the amount of time it 
takes the user to per form a se t of predef ined tasks, and 
the amount of t ime it takes the system to respond to a 
user ' s  request . A good study that illustrates the use of  
th is method is that of the evaluation of e ight text 
editor s by Rober ts and Moran (1983) . A study of data­
base inter faces us ing benchmar ks was done by Mante i and 
Cattell (1982).  

K inds of Data Collected 

There are four major k inds of data collected in tests 
of systems : the time it takes to per form a task, the 
fr equency and k inds of errors, the goals and intentions 
o f  the user s, and the attitude of the user . 

The amount of time a task takes (either how long an 
entire task takes or how long each success ive keystroke 
takes) reflects the time it takes the user to perce ive 
inputs, categor ize and plan appropr iate actions, and 
execute proper responses . Error frequenc ies and types 
r eflect the difficulties user s have with these processes 
and often po int to the cause of the error (whether the 
error r esponse is s iailar to one in a s imilar plan, was 
generated from confus ion with a s imilar screen, has a 
label that sounds the same as another, e tc .) A s imple 
analys is of users '  ti mes and errors is found in Re isner 
et al . (1975) and Reisner (1977) .  A comprehens ive 
analys is of users ' times is found in Car d et al . (1980b, 
1983) . Other uses of times and er ror s can be found in 
Boies (1974), Rosson (1984), Sheppard and Krues i (1981), 
and Thomas and Gould (1975) .  

A more thorough, compl icated k ind o f  data to collec t 
dur ing evaluation involves the user ' s  thinking aloud 
wh ile per forming the task . Typically the user is v ideo­
and sound-recorded wh ile he or she is per forming the 
tasks . The r ecording captur es what is said and done, 
what is displayed on the screen, what sections of the 
documentation are be ing examined, what par ts of the task 
instructions the user is rev iewing, etc . The .os t 
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complete protocols ask the subjects to verbalize thei r 
intentions, what their goals are, and what current plans 
they have about reaching the ir goals . Other behavior i s  
d irectly observable, thoughts and plans typ ically are 
not . Th is method bas been used by Mack e t  al . (1983), 
Carroll and Mack (1982), and Card et al . (1980a) in the ir 
studies of sk illed text editing . More complete descr ip­
t ions of the technique and its advantages and disadvan­
tages can be found in Lewis (1982), Olson et al . (1984), 
and Er icsson and S imon (1980) . 

A third k ind of data collected in evaluation sess ions 
is  the users' opinions about the systea • s  ease of use 
and functionality .  A co_,n instruaent used to scale 
users' global attitudes about the systea is the evalua­
tion coaponent of Osgood et al . 's (1957) seaantic 
Differential (see Good , 1982, for an exaaple of its 
use) . Questionnaires and interviews also tap users' 
reactions to par ticular coaponents of the system . One 
problea with users' repor ts, however, is  that they are 
typically distor ted by their exper ience with other, 
s iailar systems . Or a user aay have difficulty separating 
components of the systea such, for exaaple, a user who 
bas a very difficult tiae using a system may r epor t that 
be or she likes i t  a great deal, recogniz ing bow much 
easier it is to per form the task on a computer compared 
with previous aanual methods . 

Redes ign 

Typically as the prototype of the or ig inal des ign i s  
tested, error s are found and r evis ions suggested . The 
methods appropr iate to the initial des ign are appropr iate 
a lso at the stage of redes ign . This par t  of the des ign 
process iterates through • f ixing • and • testing • unti l  
e ither a n  acceptable level o f  per formance i s  r eached or 
the deadl ine for developing the system is reached . 

IMPLBMBNTATIONt MONITORING CONTINUED PBRPORMANCE 

Jus t as data were collected in the or ig inal conception 
and analys is phase of product development, data are col­
lected on the system as iapleaented . At this stage, 
activity analyses, d iar ies, logg ing and aeter ing, and 
questionnaires and interviews ar e all appropr iate methods 
for assessing whether the product as designed is per fora-
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ing as predicted in the f inal environaent . I f  problems 
are found in the f ield, either aaall cor rections are made 
in the code (e .g . ,  chang ing what a co..and is called is  
easy to change in  the code but can have an enormous 
impact on the ease of use), or a redes ign is called for , 
sending the product des ign process back to prototype 
development or fully back to the top of the cycle . 
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OTRBR METHODS 

Three additional •thoda are worth •ntioning, though 
they do not fit neatly into the scheme above. They 
include the dialog specification procedure, experi•ntal 
programaing, and case studies. 

The dialog specification method ia a global procedure 
that cuts across the first several atepa outlined above. 
It ia a procedure that prescribes a •thod for developing 
an interactive dialog with a system and seta a design 
standard. The •thod includes task analysis and flow 
charting of user activities aa well aa standard means of 
oomaunicating the specific design requirements to the 
progr .... r. The design standard describes acceptable 
screen layouts, interactive devices and how they are to 
be used, acceptable ooaand language syntax, etc., down 
to a level of detail compatible with the specificity of 
the range of applications to which it ia intended to 
apply. Por ex..ple, if all designs concerned telephone 
aanage•nt applications, the specification would deal 
only with the range of taalca in this domain. These 
specifications are built froa hu.an factors principles aa 
well aa accumulated data from user testing. Pew et al. 
(1979) describe this method more fully� 

Experimental programming ia similarly a more global 
•thod for designing ayateu and interfaces. It ia a 
more flowing, adaptive technique involving uaera, 
designers, and progr..aera (aometi•a all in the .... 
person). someone builds a prototype of a new system with 
some fraction of the functionality and some fraction of 
the user interface in place. This prototype ia then used 
by a variety of progr .... r/uaera who generate suggestions 
for new features and suggestions for revisions for exist­
ing functions. Aa aany suggestions aa possible are 
incorporated into the prototype, the good features 
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surv ive, poor features disappear . Occas ionally, when 
new features are inco.patible w ith the old, a competing 
prototype is bu ilt . SOmeti•s soJDeOne aerges the most 
popular ideas froa both . This method is very inforaal . 
The only rules for its application are that everyone ' s  
opinion get a fair bear ing and that anyone in the commun­
ity can implement a change . 

Th is method allows for progr ess ively better understand­
ing of the application as well as the computation and 
inter face r equirements . I ts weakness lies in its casual 
nature and that it relies on the opin ion of users, mos t 
of whoa are programmer s ,  its strength l ies in its explora­
tory , evolutionary , democratic nature . One well-known 
product that benefited from exper imental programming is 
the EMACS text editor (Stallman , 19 80) , which pioneered 
s uch concepts as user-customization , on-l ine documenta­
t ion, and a par ticular command style . In addition , 
Te itelman (1972) used exper imental programming to develop 
the concept called DWIM ( •Do What I Mean•) , wh ich included 
a set of fac ilities that automatically corrected 
predictable error s .  

A third global technique goes under the r ubr ic o f  case 

studies. Case s tudies involve observation and analys is 
of  a s inge user , group , or project . The in formation 
collected may r ange from informal , subject ive impress ions 
to deta iled quantitative data . Because case studies 
i nvolve no compar ison or control group , they are not very 
use ful in inferr ing causal ity . As a result they are not 
appropr iate for bu ilding a data base of bas ic r esearch 
r esults from wh ich to construct theor ies and pr inciples . 
They can , however , be extremely useful for ga in ing 
ins ights when one is f irst investigat ing an area of 
interest and for providing concrete demonstrations of the 
use of new methods and tools . 

An example of a case study in wh ich new ins ights wer e 
ga ined about a domain involved the use of the Ada system . 
The purpose of the study was to understand the problems 
that are l ikely to ar ise when the sys tem is f irst intro­
duced into an organ ization (Ba iley et a l . , 1982) . A 
second case study involved a demonstration of new methods 
for des ign ing systems to be embedded in spec ial purpose 
hardware , such as a irplanes and tank s (Br itton et al . , 
1981) . The documentation and r elated products produced 
by th is case study provide examples that other s may use 
in trying to apply the methods to the ir own software 
projects . Brook s (1975 ) documents the use of a case 
s tudy in a large computer progr amming project . And , the 
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case study by Baker (1972) was extremely influential i n  
leading tbe s tructured progr ... ing r evolution . Other s 
include Gould and Bo ies (1978, 1983, 1984), and Beninger 
(1980). 
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ADVANCES AND SUCCESSES 

OVer the last 10 year s, it has become clear that 
research on the issues surround ing human-computer 
interact ion is worth doing . The des ign of the huaan­
computer inter face makes a marked difference in users ' 
per formance . Software products exist that embody well­
des igned inter faces der ived from human factor s input : 
the Xerox STAR, Apple LISA, and MACINTOSH wor k stations 
and the Rolm and IBM aail systems are examples . I n  
addition , major changes i n  the des ign o f  the telephone 
directory ass istance system , as well as or ig inal des igns 
of telecommunication control devices , were a r esult of 
human factor s studies . 

Human factor s r esearch has also shown the usefulness 
of some impor tant gener ic d isplay and control devices : 
the par tition ing of screens into w indows , icons for the 
control of operations and the display of objects , better 
help messages , and better defined r esponse and function 
keys . In addition , more is known about user s ' limitations 
and adaptabil ity .  

Human factor s des ign i s  also in fluencing documentation 
and tra in ing for softwar e use (Felker, 1980) . Because 
software is mor e ava ilable to a var iety of user s ,  ther e 
is an increased awareness by the publ ic of the need to 
make software easy to learn and use . 
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PU'l'URE METHODS 

Although we have catalogued a var iety of methods to be 
used in the software des ign and research process, some 
needs for information are still unmet . The research 
needs fall roughly into three categor ies of needs a new 
theor ies, new representations , and new data collection 
and analys is methods . 

'l'BBORIES 

Three par ticular k inds of theor ies are seen as needed. 
Automation theories would tell us what should be auto­
mated and what should be ass igned to the hu.an processor. 
Such theor ies would also prescr ibe an appropr iate mix of 
automation and human control . So• seeds of theor ies are 
suggested in the f ield of supervisory control and in 
office analys is techniques, but a more expl icit theory i s  
needed to prescr ibe th e  bes t mix of human and coaputer 
process ing . 

Theories of individual differences would tell us 
about the different k inds of computer suppor t r equ ired 
and des ired by different user populations . Spec ial 
continu ing interest focuses on the differences between 
na ive or casual user s and exper t or dedicated users . 

Theories of standardization would tell us about 
wh ich aspects of a system should be s tandardized for all 
user s (as in the bas ic control devices in

' 
an automobile) 

and wh ich can be customized for adaptation by and for 
specific user s . 

In addition, two taxonomies are needed : a character­
izat ion of the k inds of tasks for which software can be 
built (so that des ign prescr iptions can be t ied ,  perhaps , 
to par ticular classes of tasks) and a character ization of 
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2 3  

the k inds o f  user s that use software appl ications (related 
to the theor ies of individual dif ferences descr ibed 
above ) . The par tial taxonomy of human-computer inter face 
task s advanced by Lenorovitz et al . (1984) provides a 
baseline for th is effor t .  

REPRESENTATION 

Many of our analyses outs ide the testing of a wor k ing 
system with real end user s requ ir e  some specification of 
what the system can do, what the user knows about how the 
system works, and how the user conce ives of the task . 
There is thus a need for better r epresentational schemes 
than those now be ing used . One such scheme would descr ibe 
a complex system so that documentation and train ing could 
be better des igned . Another would represent exactly how 
a sys tem wor ks--the inter face , dialog , commun ication , or 
tr ansact ion--so that the des ign could be both analyzed 
for ita fit to user s ' needs and capabil ities and conveyed 
to those who have to program it . 

We need techn iques for inferr ing what a user currently 
understands of a system, a method for extracting the 
appropr iate information from the user and for d isplaying 
the result ing under stand ing or •mental model . • These 
techn iques are as useful in bas ic r esearch on the per­
formance of complex tasks as they ar e in the appl ied 
des ign process . (A repor t of the committee on Human 
Pactor a • workshop on mental models in the use of 
information systems is scheduled for publ ication in 1985 . )  

DATA COLLECTION , MEASURES , AND ANALYSES 

Al though we have a r ich var iety of measures to collect 
from user s interact ing with a system , we have no direct 
measures of the user ' s  affect nor do we collect any of 
the neurophys iolog ical r esponses that accompany intense 
wor k ,  f rustration , and satis faction . In addition , ther e 
is a need for better hardware tools for collecting logg ing 
and meter ing information without slowing the system that 
the user normally interacts with . Mor e specific methods 
are needed for analyz ing the mounta in of data that comes 
from protocol analys is , not only in deduc ing how the user 
is  satisfy ing h is or her task goals and subgoals , but 
also in deduc ing ongoing memory and perceptual loads on 
the user and how the user compensates for them in per-
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forming the task. OUr task analys is methods need to be 
expanded to include .ore cognitive aspects of the user ' s  
per foraance, h is or her •.cry , language, and perceptual 
aspects . 

Research methods considered .est l ikely to produce 
h igh payof f in the near future include s 

o Representations �f the user s ' understanding of a 
systemr 

o Representations of a d ialog to convey the des ign to 
progr Ullller s r 

o More comprehens ive task analyses that include 
.. mory, perceptual, and language considerations as 
well as timing and error predictions , and 

o Hardware advances that allow the collection o f  
logging and meter ing data for tapping the current 
use of a system. 
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CONCLUS ION 

The f ield of software hu.an factor s is r is ing in its 
r esearch needs faster than the sc ienti fic data base is 
growing . Additional bas ic research is clear ly needed . 
Educational programs ar e now tra in ing futur e researcher s 
and practitioner s in th is f ield . Data in laborator ies 
and industry need to be collected more systematically and 
d isseminated more w idely . As a compendium of current 
methods, the ir descr iptions and evaluations, and re fer ­
ences to existing l iterature that use these methods , th is 
repor t should then help coalesce the f ield and move i t  
toward fruitful wor k i n  the futur e .  
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