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ABSTRACT 

Emphasis in the design of interactive systems is still too often 

concentrated on definition of data objects and operators, while too 

little attention is paid to the needs, perceptions and reactions of 

eventual users. Full consideration of the psychological fit between 

users and interactive systems, principally reflected in programmed 

interaction possibilities and communication facilities, is desirable 

so as to increase the efficiency of the man-machine system, and, more 

importantly, to maximize the sovereignty, creativeness and satisfac- 

tion of the final user. In this paper, fundamentals of man-machine 

symbiosis are presented, and requirements for system personality, 

malleability, and feedback/response are analyzed. Through adoption 

of these criteria early in the design process, it is argued that 

users will more readily accept interactive computer systems as de- 

sirable tools of their increasingly information-dominated trades. 

OBJECTIVES 

Efforts in recent times to improve productivity have frequently in- 

volved introduction of interactive computer systems. In the past, 

application of raw computing power was often sufficient to insure in- 

creased productivity. Although dramatic increases in hardware proc- 

essing power continue to be made, underlying data bases and the range 

of required tasks continue to grow even faster. Attention must be 

turned to the more intangible elements associated with the link be- 

tween people and computer systems in order to continue to improve 

productivity. Systems must be created which augment people's crea- 

tive capacity, which ease rather than hinder manipulation of data 

objects, and which are enjoyably satisfying to users. 
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This paper is not the first to discuss themes relating to user and 

computer system interaction. However, while many interactive com- 

puter systems are increasingly well designed in such aspects, the 

majority of systems in use and even under development do not rate 

very highly in man-machine symbiosis characteristics. It is in fact 

the author's critical evaluation of a well-intentioned large and im- 

portant interactive graphics system for part programming numerically 

controlled machines [i] which helped convince the author of the ne- 

cessity for a paper bringing together in one source a general analy- 

sis of use-oriented interactive system requirements. 

BACKGROUND 

This paper draws on the author's previous experience in the design 

and implementation of large-scale interactive systems, both graphic 

and non-graphic (notably [2] and [3]), and hands-on opportunity to 

examine numerous other interactive systems at a number of universi- 

ties and research institutes. It is the immediate result of the 

author's participation in a research exchange program in Hungary dur- 

ing which human factors of Hungarian systems under development were 

evaluated and extensive study of computer literature relevant to the 

topics discussed herein was undertaken (ref. [4] and [I] 

An indication of the lack of attention paid final users in the design 

of interactive systems (whether graphic or non-graphic) and the low 

esteem with which such considerations are often regarded is the omis- 

sion in most published papers of discussion regarding a system's user 

communication facilities and interaction characteristics. Emphasis 

invariably is rather given to the nature of data objects and the ab- 

stract nature of data manipulations provided. (Good examples of 

exceptions are [5] and [6].) This obviously makes dissemination of 

experiences in handling the user interface very difficult, especially 

since most papers are written before final users ever interact with 

the system reported. A notable exception is [7], which describes a 

FORTRAN package for interactive graphics and then presents a large 

section detailing user-identified suggestions for improvement (in- 

corporation of which was planned in a subsequent revision). 
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On the other hand, several outstanding papers concerned with humane 

design of interactive systems do exist. Hansen E8] presents a set 

of 14 User Engineering Principles grouped into four major categories: 

'Know the User', 'Minimize Memorization', 'Optimize Operations', and 

'Engineer for Errors'; Robert Miller E9] examines the nature of 17 

basic response time requirements in man-computer interactive systems 

and makes some sage general observations concerning such requirements; 

and David El0] discusses human physiological factors affecting infor- 

mation transmission, including human identification and discrimina- 

tion capabilities, reaction time, pattern perception, and information 

rates. 

Finally, a classic paper by George Miller [11] provides specific bases 

for analyzing human communication channels in terms of information 

capacity limits, data which can be used to better integrate man-system 

communication. While Miller's paper should be studied in its entirety, 

its central points are reviewed below. 

One of Miller's main points is that there seems to he a human sensory 

channel capacity of approximately 7 items - people have the capability 

to differentiate among only 7 categories of unidimensional information 

(span of absolute judgment). Each added dimension of information (in- 

dependently variable attributes) can increase the total number of in- 

formation categories that can quickly be perceived, but at a decreasing 

rate. A second major point is that human short-term memory seems to 

be able to hold about 7 separate items (chunks) (span of immediate 

memory). However, more information can be held if it is encoded - 

that is, if each item is a large, meaty chunk. Miller summarizes, 

"The number of bits of information E3 bits ~ %7 categories] is con- 

stant for absolute judgment and the number of chunks of information 

~%7] is constant for immediate memory. The span of immediate memory 

seems to be almost independent of the number of bits per chunk, at 

least over the range that has been examined to date." 

A model for describing creativity might thus be the process of com- 

bining bits into chunks, transferring chunks from short-term memory 

into long-term memory, and, through closure, freeing the mind for 

processing a similar number of now more complex and information-rich 

items. Closure is defined by psychologists as the subjective sense 
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derived from completing a thought process or activity. In any involved 

activity there are a large number of minor and major closures occurring, 

each accompanying achievement of a sub-goal or a larger task. 

FUNDAMENTALS OF MAN-MACHINE SYMBIOSIS 

Two principles noted by van Dam [12] serve to highlight the issue that 

user-oriented system design must emphasize the user from the very in- 

ception of project planning and design. First, people can get used 

to anything and even come to espouse it. Second, user mastery of any 

system inhibits desire for change in that system, no matter how cum- 

bersome and ill-conceived it may seem to an independent critic or even 

intellectually to the user himself. 

If systems are to be designed to embody a high degree of user opti- 

mality, then such requirements must be factored into the design proc- 

ess from the very outset and cannot be left for possible ex post 

facto consideration some time after a system is otherwise completed. 

(Invariably the growth of a vested user community precludes or hin- 

ders modification of a system.) User considerations must be dealt 

with as an organic part of the entire design cycle. 

Drawing an analogy between an interactive system and a physical tool 

provides a useful way of viewing issues involved in system design. 

A mechanical implement is accepted and used because it makes a task 

easier. Given a choice of similar but unfamiliar tools, one will 

usually be chosen (given similar direct cost to the user) because it 

'works best' or is 'pleasantest to use' for the purpose. Relevant 

criteria for the construction of a successful tool are a parsimonious 

design, naturalness of use and aesthetic appeal. A tool is not very 

successful if it diverts the attention of the user from the task he 

intends to do and towards the tool itself. The better designed a 

tool is, the fewer demands it should place on the user's thought and 

attention processes (after a possible familiarization period). 

The matter becomes more complicated when the tool is designed to pro- 

vide a high level of support for the manipulation of information and 

ideas; the manner in which information is presented and information 
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processing capabilities are provided must take into account the com- 

plicated nature of human thought processes. Thus the characteristics 

of such data tools must relate to the psychology of the user as well 

as subsume the characteristics stated above which are applicable to 

mechanical tools. 

Some of the most significant attributes of systems which are optimal- 

ly accommodative for the user are environmental richness, a logical 

and rational personality, appropriate user feedback, and the ability 

to be fine tuned by the user to match his developed skill in using a 

given system. These issues are discussed in further detail below. 

SYSTEM PERSONALITY 

First and foremost, systems should be regular, demonstrating rational 

and consistent exteriors, regardless of whatever machinations may be 

necessary under the surface. Every action or response by a system 

should follow logically from a user's actions and the prior state of 

the system. There should be no possible user action capable of de- 

railing a system from its planned state graph. Whenever possible, 

identical or similar groupings of user choices should always appear 

in the same manner: a particular list of options should be listed 

in the same order whenever it appears; a particular set of lightpen- 

nable settings should always appear in the same spot on a graphics 

terminal. Given a choice of user manipulable input tools (e.g., key- 

board, lightpen, joystick, function keys), the most expressive and 

appropriately manipulated one for conveying the user's specific in- 

tent should in each instance be enabled, although ~frequency of re- 

quired switching among tools should be minimized. System messages 

should be crisp - as succinct as possible while presenting complete, 

unambiguous information. Language and terminology should be used 

precisely. 

Second, systems should be subservient without being obsequious. Many 

major systems are designed so as to appear to be ever champing at the 

bit, goading the user with questions and commands to which he is forced 

meekly to succumb. Users may justifiably feel harassed when confronted 

by such lock-step systems. Preferable are systems which make the user 
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sovereign. The Hungarian part programming system studied by the 

author and mentioned earlier [4] is one example of a system under de- 

velopment whose design is felt to allow an inadequate degree of user 

sovereignty. Rather than terminate a response with an imperative or 

a direct interrogative, for example, a system should indicate the 

state of operation it has reached and the options available for mov- 

ing the system into another state. The user should always feel in 

control over the tool that is serving him. 

Third, a system should be intelligent. It should make full use of 

the computational power available. The user should never be called 

on to enter any information which could be derived from data he has 

already supplied or to enter data in a bizarre (to the user) format 

just because it is actually an internal data format. To state a 

succinct rule, whatever a system can do to help the user and reduce 

his workload, it should do. As part of this philosophy, a system 

should scrupulousy check all data supplied by a user for every possi- 

ble detectible error. 

In his paper concerned with computer aided design systems, Allan [13] 

offers several thoughtful pointers generally relevant as desiderata 

for interactive system tools. "When considering the problems of the 

design of a design system, the concern arises that one may not only 

devise a system focused outside man on the end product, but one may 

also so rigidly structure the enquiry, the analysis, and the decisions, 

that all hope of freedom of decision is gone for the ultimate user or 

designer who it is hoped will be served. What is really sought is a 

system with two characteristics: (I) the system itself will not 

structure the user's view of the environment of his problem, the 

formulation of the problem, or the solution of the problem; (2) the 

design and decision processes will be designer-oriented, and an in- 

tegral part of each problem itself." 

SYSTEM MALLEABILITY 

One of the problems which confronts both the designer and the user 

of an interactive system is the effect of a user's learning curve. 

A designer's dilemma is whether to create a system with an environment 
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for the naive user which is radically simple and has copious instruc- 

tions and detailed error messages, but which should be capable of 

easy mastery; or rather an environment for the experienced user which 

is terse and which requires that the user learn more and have to re- 

member more before sitting down to utilize the system. Under the 

first alternative, the user need have little knowledge of the system 

before using it at least reasonably successfully, while in the latter 

case there exists a high learning barrier which must be overcome be- 

fore any success can be achieved with the system. Of course, a system 

which is initially easy to learn and use may well seem dreadfully slow 

and boring once learned. 

As summarized earlier, the research of George Miller [II] and others 

demonstrates that encoding of data is enormously significant in the 

ability of persons to mentally process increasingly complex data. 

Conversely, as people deal with ever larger chunks of information, 

tasks or data which originally seemed forbidding and complex become 

clearer and easier to grasp. An interactive system environment is 

no exception, so that as a user becomes familiar with a system his 

perception of it will become re-organized from small fragments to 

more encompassing concepts. In line with this theoretical analysis, 

there is specific evidence ~14] that trial and error self-teaching 

is a more effective way for the naive user to learn the use of an 

interactive system (while also reinforcing his confidence) than a 

regimen requiring exhaustive study of manuals before any attempt can 

be made to use the system. 

The above arguments provide powerful reasons why systems should be 

designed in such a way that a user can alter a system's interface, 

adapting it for each successive level of his mastery. Such adaptable 

systems would also provide for the myriad idiosyncracies of different 

individuals and allow creation of personally tailored work environ- 

ments. If not minimized at the outset, the degree of system prompting 

could thus be subject to user adjustment. By allowing the terseness 

of system generated communications to be regulated to any desired 

minimum, efficiency, throughput and user satisfaction can be 

increased. 
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Numerous techniques for personalizing and extending interactive sys- 

tems are available. At the simplest level, users can be allowed to 

redefine keywords and names, using any abbreviations or substitutes 

they like. The use of system 'shells' to hide increasingly sophisti- 

cated levels of command repertoires from beginning users have often 

been successfully employed. The ability of users to control the in- 

teractive environment via mode setting is also an important technique, 

encompassing, for example, defaults for output or command parameters 

and controls on both the timing and terseness of system feedback. 

Parameterized command macros which allow value and textual substitu- 

tion and provide internal control structures, also parameterized, 

are another means of effectively allowing users to create unique, 

powerful commands as required. Specific personal environment-setting 

macros could automatically be invoked by a system upon identification 

of the user at the beginning of each session. Provision of user 

libraries for such macros and user-controlled preprocessors for input 

and post-processors for output are other possibilities. 

Alternatively, drawing on extensible language concepts, systems may 

be structured to allow the development of command tools based on key 

underlying data objects and operators having relatively simple ini- 

tial structure. The user could then build his command repertoire 

from these elements, or, if a system provided some initial set of 

commands built upon a basic internal command language, could re- 

define or enhance such commands. Although not specifically termed 

an extensible language, the success of APL may properly be partly 

attributed to its malleability, its richness of basic elements and 

structures which can be used to create small chunks incorporating 

immense complexity. 

SYSTEM FEEDBACK/RESPONSE 

Human communications environments typically include two logically 

distinct communications paths - a data path and a feedback path. In 

a conversation, the voice of the person speaking constitutes the data 

path (although often accompanied by 'body English' which adds band- 

width) while non-verbal expressions of the listener provide feedback - 
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reflecting interest, boredom, comprehension, disagreement, etcetera, 

back to the speaker. 

In order to function well, people require feedback from their environ- 

ment. Feedback serves two important purposes. First, it operates as 

a carrier signal to let both parties know that they are in fact still 

communicating. Secondly, it provides an otherwise quiet channel on 

which error conditions (non-comprehension, for example) can be indi- 

cated. If a listener signals non-comprehension (with a puzzled expres- 

sion, for example), a speaker can modify his conversation in an attempt 

to restore comprehension on the data channel; conversely, if the prob- 

lem is large enough, the data channel may need to be brought more 

heavily into the process of restoring positive feedback (as by ques- 

tion and answer). Adequate data and feedback channels are of immense 

importance for the success of interactive systems. 

In discussing system response and feedback design, the crucial factor 

of psychological closure in human thought processes must be acknowl- 

edged. As already discussed, there are a limited number of concepts 

(approximately 7) which a person can deal with at any one time using 

his short-term memory. The optimal information processing efficiency 

of the user can be reached when his mental activity is directed at 

the attempt to purge or resolve the limited number of concepts fecund 

in his short-term memory. Whenever a subjective sense of completion 

takes place, closure is said to have occurred. External interruptions, 

unless expected and related to ongoing mental activity, have a tendency 

to derail such activity. However, interruptions or delays which occur 

after a closure are much less disruptive, and the greater the closure, 

the more significant can the interruption or delay be without inter- 

fering with mental activity or generating annoyance. 

Several significant ramifications for the design of interactive sys- 

tems result. As regards reporting errors to the user, immediate error 

feedback is generally desirable in order to exploit the associations 

inherent in temporal proximity. However, error reports should avoid 

triggering premature closure as part of a policy that the user not be 

unduly penalized for mistakes. Notice of the computer not listening 

(e.g., line dead) is an extreme example of an error condition requir- 

ing immediate attention of the user, while keystroke errors are 
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conditions whose reporting should sometimes be delayed. Moreover, 

users frequently become aware of their errors even before they are 

reported by the system. Indeed, the time taken to elaborately report 

an error which the user already knows about can be far more disruptive 

of mental activity than the simple fact of the error~ 

Some well-received systems, as a result, have treated separately these 

two types of errors~ For example, in the sophisticated and user ori- 

ented FRESS text editing system [153, common errors made by a user 

while editing are noted merely by the printing of a question mark. 

If the user does not know what the problem is (an infrequent occur- 

rence), he can type a question mark back and receive the full text 

of the error message. However, in those cases where he already knows 

the error, the level of interruption of mental processing will be 

very low. For those unusual error conditions which a user could not 

reasonably be expected to anticipate, full messages are given at 

first. 

On the other hand, many existing systems, as well as systems now be- 

ing developed, delay the reporting of errors far beyond when they are 

detectible and when knowledge would be most useful to the user. The 

reviewed Hungarian part programming system [43 solicits information 

in large batches, delaying any checking until all questions in a 

batch have been answered by the user. As a result, valid data must 

be retyped along with the bad item if there is an error, and further- 

more, data is sometimes solicited which is inappropriate given either 

an error condition or the nature of the data being entered. 

As regards the quantitative aspect of system response time, much has 

been written - reference the notable paper by Robert Miller E93. 

User's satisfaction is related to the degree of correlation between 

expected response and actual response. Irregular response conditions 

tend to restrict creativity instead of releasing it. It is desirable 

to avoid response delay in cases other than for major closure. Hap- 

pily, computation requirements for the period preceding closure are 

frequently low but of high priority, while those following major 

closure are much higher, but with lower priority. It has been sug- 

gested El6] that a deliberate delay of 2 to 4 seconds may be desir- 

able following an individual's closure on a major task before a 
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system should respond with such messages as error reports. This seems 

reasonable, as the process of refreshing the mind after much mental 

activity often involves a review of the preceding activity, and the 

user may become aware of his own mistakes at this time. 

AFTERWORD 

While much of the specific content of this paper has been concerned 

with improving the efficiency and effectiveness in interactive system 

user communications, the attempt has also been made to stress the im- 

portance, as the root idea behind these efforts at tool building, of 

the desire to develop systems which are successful in augmenting and 

amplifying the creative potential of the user. Obviously, applica- 

tion of the guidelines outlined in this paper to the design of a 

man-machine system which reduces the role of the man to that of an 

efficient robot (in other words a role reversal in which the man is 

now the tool rather than the machine), expanded creativity is not 

obtained and the purpose behind these proposals is not realized. 

Negroponte stresses this theme in his excellent paper dealing ex- 

clusively with these issues El7]. He "laments the absence of any 

effort to amplify creativity through computer aided design. Current 

systems attest to this deficiency by offering no precedent of a per- 

son using a computer to be creative, let alone be more creative than 

he or she would be without it." 

While the generality of this charge may be debated, it is argued here 

that the enlightened application of suggestions made herein may move 

interactive systems a step in the right direction. 
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