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INTRODUCTION AND MAJOR CONCEPTS Operating needs and psychological needs 

The literature concerning man-computer trans­
actions abounds in controversy about the limits of 
"system response time" to a user's command or 
inquiry at a terminal. Two major semantic issues 
prohibit resolving this controversy. One issue 
centers around the question of "Response time to 
what?" The implication is that different human 
purposes and actions will have different acceptable 
or useful response times. 

This paper attempts a rather exhaustive listing 
and definition of different classes of human action 
and purpose at terminals of various kinds. It will 
be shown that "two-second response" is not a uni­
versal requirement. 

The second semantic question is "What is a need 
or requirement?" In the present discussion, the 
reader is asked to accept the following definition: 
"A need or requirement is some demonstrably bet­
ter alternative in a set of competing known alter­
natives that enable a human purpose or action to 
be implemented." This definition intentionally 
ignores the problem of value versus cost. It is not 
offered as a universally useful definition of "need." 
It does enable us to get into a systematic exposi­
tion of problems, alternatives and implications. A 
value-based definition, in contrast to the rational 
one given here, inevitably leads to a vicious regress 
that dead-ends only with the agreement that all 
that humans really need are food, water, and a 
place to sleep. 

Another point of view, compatible with the 
present one, is that need is equivalent to what is 
demanded and what can be made available; need, 
therefore, is a cultural and technical outcome. It 
is the outcome of many vectors, at least one of 
which is what the marketplace has to offer and 
the number of Joneses who have one, too. 

An example of an operating need is that unless 
a given airplane's velocity exceeds its stall speed, 
the airplane will fall to earth. Velocity above stall 
speed is an undebatable operating need. In a su­
perficially different context, it is a "fact" (let's 
assume we know the numbers) that when airline 
customers make reservations over a telephone, any 
delays in completing transactions above five min­
utes will reduce their making future reservations 
with this airline by 20%. A related form of need 
in this context is that the longer it takes to process 
one reservation, the larger the number of reserva­
tion clerks and reservation terminals that will be 
required. These are just two examples of the con­
text of operating needs. This report will not look 
into the problems of operating needs except to 
mention when they may be more significant than 
a psychological need. The following topics address 
psychological needs. 

Response to expectancies 

Psychological "needs" (in the information pro­
cessing context) have two major forms, with over­
lap. One is in the nature of response to an expec­
tation. If you address another human being, you 
expect some communicative response within x sec­
onds—perhaps two to four seconds. Even though 
his response may not have the message context 
you want, you expect him to respond within that 
time in some fashion, if by no more than a clearing 
of the throat or a grunt. In conversation of any 
kind between humans, silences of more than four 
seconds become embarrassing because they imply 
a breaking of the thread of communication. This 
is similar to a phone line going dead. Conditioning 
experiments (which, of course, should be intro-
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duced only with great caution in the context of 
cognitive activities) suggest an almost magical 
boundary of two-second limits in the effectiveness 
of feedback of "knowledge of results," with a peak 
of effectiveness for very simple responses at about 
half a second. There is much evidence to suggest 
that two seconds in human behavior is a relatively 
long time. Of course even the lower animals can 
be conditioned (acquire expectancies) to delays, 
although as the delay is extended the reliability of 
the performance rapidly deteriorates. The param­
eters differ for different species. 

These points are made only to suggest that the 
behavior of organisms is time-dependent, and that 
time spans in the order of one to ten seconds have 
significance for some forms of behavior involving 
information transactions with an environment. 

Activity clumping and psychological closure 

There is a second class of psychological need in 
communications. This need recognizes that hu­
mans spontaneously organize their activities into 
clumps that are terminated by the completion of 
a subjective purpose or subpurpose. When I search 
in a phone book for a telephone number with 
which to dial a person I want to talk with, I have 
a sense of temporary completion when I find the 
telephone number. I have another when I have 
completed dialing the number. I will more readily 
tolerate an interruption or delay after such a com­
pletion than during the activities preceding this 
completion. Psychologists call this subjective 
sense of completion a "closure" and that is the 
term used henceforth in this report. The rule is 
that more extended delays may be made in a con­
versation or transaction after a closure than in 
the process of obtaining a closure. 

Human short-term memory 

Here is a rationale for this phenomenon. Per­
forming any task calls for holding a body of in­
formation in mind—I call this short-term memory. 
When I am looking up the telephone number, I 
am holding in mind the image of the name I am 
searching for as well as the goal—which is lo­
cating this name in the list. When I shift from 
temporarily memorizing the telephone number to 
dialing it, short-term memory is holding this set 
of digits and the goal action of completing the 
dialing. An interruption or delay in achieving a 
goal usually results in a degree of frustration. The 

longer a content must be held in short-term mem­
ory, the greater the chances of forgetting or error. 
Thus, on both counts (short-term memory and 
goal aspiration), waiting times within a clump of 
activities have deleterious effects. A psychological 
closure results in at least a partial purging of 
short-term memory or the internal activities that 
support it. 

In very complex problem solving, short-term 
memory is heavily filled. It is becoming clear in 
the psychological literature that the degree of com­
plexity of problems that can be solved by a human 
is dependent on how much information (and in 
what form) he can hold in short-term memory. 
Human memory is never passive. Spontaneous 
noise from within the thinking system, as well as 
distractions from outside, can interfere with 
short-term memory contents, and of course these 
effects rapidly increase when the individual has an 
awareness of waiting. This awareness comes as 
soon as several seconds—two seconds still seem to 
be a good number here. 

That is why the tasks which humans can and 
will perform with machine communications will 
seriously change their character if response delays 
are greater than two seconds, with some possible 
extension of another second or so. Thus, a system 
with response delays of a standard ten seconds 
will not permit the kind of thinking continuity 
essential to sustained problem solving, and espe­
cially where the kind of problem or stage of its 
solution contains a high degree of ambiguity. 
Such a system will have uses, but they will be 
different from those of a two-second system. 

Psychological step-down discontinuities with 
increasing response delays 

The point here is that response delays are not 
merely matters of "convenience" to the user, un­
less the word "convenience" is made to mean more 
than it usually does. There is not a straight-line 
decrease in efficiency as the response delay in­
creases; rather, sudden drops in mental efficiency 
occur when delays exceed a given point. These 
sudden drops at given delay points can be thought 
of as psychological step-down discontinuities. 
Thus, a ten-second response system (aside from 
operating inefficiencies) may be no better for 
the human—in some tasks at least—than a one-
minute response or a five-minute response. If the 
human diverts his attention from the thought 
matrix (e. g., waiting to be filled or completed by 
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system response to some other train of thought), 
the significance of response delay changes dramat­
ically. 

The statement that "In the past it took two 
days to get an answer to a question that now is 
given in fifteen minutes'' means, perhaps, an in­
crease in operating efficiency for the system, but 
does not in itself materially change the cognitive 
(psychological) behavior of the person getting 
the information. 

Psychological closure comes in different degrees. 
In the telephone example, I get a partial closure 
when I find the name in a telephone book, another 
when I complete dialing the number, and another 
when I am talking to the right person. Talking 
to the person I have in mind completes the closure 
of the series of transactions that led to hearing 
his voice and name. Just as there is a hierarchy 
of closures in a given task or goal-directed be­
havior sequence, so there are probably varying 
amounts of acceptable delays. The greater the 
closure, the longer the acceptable delay in prepar­
ing for and receiving the next response following 
that closure. 

A general rule for guidance would be: For 
good communication with humans, response delays 
of more than two seconds should follow only a 
condition of task closure as perceived by the hu­
man, or as structured for the human. 

Response time, or system response time, has 
not yet been defined in this report, so that the 
two-second rule applies to "meaningful replies" 
to.human requests or commands, and these are 
defined, along with others in the pages to follow. 
In addition to definitions and examples of in­
quiry and response modes, estimates are made of 
acceptable response times. 

Some qualifications about the analysis 

The analysis of qualitative behavior and con­
version of the analysis into quantitative limits is 
prone to misinterpretation. This is especially true 
when the subject is human behavior. Therefore, 
the following provisos are made explicit. 

1. The classes of response categories are not 
exhaustive. 

The seventeen types of response category 
and response time cited in the next section 
of this report are certainly not exhaustive 
of all the possibilities. Without too much 

strain, however, they seem to cover a large 
proportion of interactive behavior between 
humans and information-processing sys­
tems. 

2. A response signal can communicate several 
messages at the same time. 

A signal can communicate several messages 
to the user concurrently. Thus, if the sys­
tem replies to a user query or command 
with the statement that is the equivalent of, 
"I've started doing your work," the user 
knows (a) his request has been listened to, 
(b) his request has been accepted, (c) that 
an interpretation of his request has been 
made, and (d) that the system is now busy 
trying to provide him with an answer. 

In the next section, the elements listed 
above are differentiated into four different 
kinds of response, but in system operation 
they may (or may not) be combined into a 
single communication. If so, the response 
time that should be met is that demanded by 
the component in the group which demands 
the fastest response time. 

3. The language in the text does not indicate 
the form of inquiry or response. 

In most cases, a topic will be introduced 
by a title such as "Response to 'Here I am, 
what work should I do next? '" This ex­
pression is intended to simplify communica­
tion to the reader of the report. It does not 
imply that these words would be entered as 
such into the system. In many cases, the 
expression of the inquiry, or of the system's 
response, may be implicit in some other 
behavior. Thus, lifting the telephone re­
ceiver and putting it to my ear has the 
implicit question, "Are you listening to me 
and can you give me service?" The dial tone 
says that it can. 

The reader, therefore, is urged to look 
at the context under a topic title for proper 
orientation. 

4. Tasks can be done in other than the conver­
sational mode. 

Whereas in traditional batch activities by 
computer or by humans, responses to queries 
may have taken days, a response time of 
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two seconds may be stipulated in the fol­
lowing pages. Therefore, the critic will ask: 
"Isn't a response time of 30 seconds or even 
an hour, better than 24 hours? If so, why 
isn't it good enough?" The answer must be, 
"Yes, 30 seconds is better than 24 hours 
for some purposes, but it is not good enough 
to maintain the continuity of human thought 
processes." Where discontinuities in human 
thought processes are irrelevant or unim­
portant, both to effective problem solving 
and to effective use of the professional's 
time, then the conversational mode is beside 
the point. But it will be easily demonstrated 
that many inquiries will not be made, and 
many potentially promising alternatives will 
not be examined by the human if he does 
not have conversational speeds—as denned 
in this report—available to him. But tasks 
will still be completed as indeed they have 
been in the past, without conversational in­
teraction, and at least some of them will be 
completed more poorly by any criterion. 
This assertion is certainly a testable hy­
pothesis. 

5. Permissible ranges of variation are not cited. 

Any specification intended for implementa­
tion should include not only a nominal value 
but acceptable tolerance values within which 
the nominal value may randomly fluctuate. 
These tolerance limits are not generally 
specified for most of the response time 
values cited in the following pages. In 
principle, the range of acceptable variation 
of delay in a given category of response 
time is that range within which the human 
user cannot detect differences under actual 
conditions of use. By "use" is meant the 
context of the human performing a task in 
which the delay of the response element 
occcurs. 

Some laboratory data* of indirect refer­
ence are available for making preliminary 
estimates of response time tolerances. Sub­
jects judged intervals between clicks as 
"same" or "shorter" or "longer" than a 
comparison or reference interval between 
clicks. They gave their full attention to 

*See in S. S. Stevens, Handbook of Experimental Psychology, 
Chap. 32, "Time Perception" by H. Woodrow. 

making these judgments. When the dura­
tion of the interval was between 2.0 to 4.0 
seconds, the subjects made 75% correct 
judgment of "same" or "different" at the 
limits of an interval between minus 8% of 
the stimulus and plus 8% of the stimulus. 
For example, 75% of the time an interval 
of 1.84 seconds was judged shorter than 2.0 
seconds, and an interval of 2.16 was judged 
longer than 2.0 seconds. This is about the 
same as giving a "tolerance" range of 16% 
of the value of the stimulus. This value of 
16% applies in the range of 2.0 to 4.0 
seconds. 

The most accurate judgments of time 
(under these experimental conditions) were 
between 0.6 and 0.8 seconds where the toler­
ance range is somewhat less than 10% of 
the value of the stimulus duration (e.g., 
10% of 0.6 seconds delay between clicks). 
With intervals longer than 4.0 seconds such 
as 6.0 to 30 seconds, the equivalent tolerance 
ranges were shown to be 20 to 30%. Sub­
stantially the same relationships held where 
the interval was started and stopped with 
a pulse of light. 

The foregoing results were based on care­
fully controlled stimuli and full attention 
to the interval by the subjects. Where the 
stimulus changes from one display to an­
other, and where there is subjective varia­
bility introduced by the human operator 
making a control response that initiates a 
machine delay, it is likely that response 
time variations may exceed these tolerances 
substantially. By exactly how much would 
require empirical data from subjects in 
simulated task environments. 

Of indirect significance to this report are 
the findings by a number of investigators 
(cited by Stevens) that the time interval 
that bounds what is subjectively felt as the 
"psychological present" is between 2.3 to 3.5 
seconds, although under some special condi­
tions the boundary may extend to 12 seconds. 
This interval contains "the physical time 
over which stimuli may be spread and yet 
all perceived as present . . . the maximal 
physical time over which may extend a 
temporal stimulus pattern . . . which is 
perceived as a whole." 
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Basis of response-time estimates 

The estimates of delay times offered in the fol­
lowing pages are the best calculated guesses by 
the author, a behavioral scientist, who has spe­
cialized in task behavior, including thinking and 
problem solving. These estimates are based on 
rationales, some of which are cited above and 
others in context. They should, indeed, be verified 
by extended systems studies—not in artificial 
laboratories using abstract tasks—but in care­
fully designed, real life task environments and 
problems. The human subjects in these studies 
must have had many dozens of hours practice in 
acquiring relevant task skills (and not merely in 
manipulating the controls at the console) in order 
for the findingst o be useful. Novices have their 
short-term memory registers heavily filled with 
what they are trying to learn; therefore, they 
are not guides as to what the problem-solving 
user (or other user) will be able to do and want 
to do when he is highly skilled. Traditional re­
search practices in psychological laboratories 
would delay answers on these questions for years, 
however, and perhaps provide them after a new 
generation of large data-base systems are already 
on the market. 

Nevertheless, the reader should accept the 
parameters cited as indicative rather than con­
clusive. It is relatively easy to arrange demonstra­
tions for the skeptic about short response times 
that will impress him with how long four seconds 
can seem to be. The demonstration requires merely 
that he become absorbed, motivated, and emo­
tionally aroused by the demonstration task. 

Definitions of response time 

Response to human inc ury, with few excep­
tions, serves as feedback to a continuity of 
thought. Human behavior occurs at a variety of 
information handling levels. Different kinds of 
response and response delay will be appropriate 
at different behavior levels. The definitions that 
follow depend in part for their time estimates 
on psychological rationales given in Part I of this 
report. 

Topic 1. Response to control activation 

This is the indication of action given, ordinarily, 
by the movement of a key, switch or other con­
trol member that signals it has been physically 
activated. The click of the typewriter key, or the 

change in control force after moving a switch 
past a detent position are examples. They indi­
cate responsiveness of the terminal as an object. 
This response should be immediate and perceived 
as a part of the mechanical action induced by the 
operator. Time delay: No more than 0.1 second. 
See also Topic No. 13, "Graphic Response from 
Light Pen." 

A second form of feedback to the user at a key­
board is evidence of the key's being struck. In a 
typewriter, this is given by the printed character 
on the paper. This appears practically simultane­
ously (to the user) to striking or activating the 
key. Even if printed feedback of text being en­
tered by the user goes through the computer be­
fore it is printed on the platen or CRT, the delay 
between depressing the key and the visual feed­
back should be no more than 0.1 to 0.2 seconds! 

(Note that this delay in feedback may be far too 
slow for skilled keyboard users. These people are 
able to attend to the display, not the keyboard, 
while activating keys, and they will be aware of 
an out-of-synchronization relationship between 
eye and hand. Some adaptation can be made—the 
mechanical pipe organ had delays estimated at be­
tween 0.1 and 0.2 seconds. Part of the organist's 
skill was learning to adapt to this delay. Recog­
nize, however, that the sense of hearing is more 
time-dependent than the sense of vision.) 

If the light pen is used to select characters for 
a message, confirmation by brightening the se­
lected character should be identifiable by the user 
within 0.2 second. 

Topic 2. Response to "System, are you 
listening?" 

The hum of the dial tone is the response the 
telephone gives to this implicit query. No dial 
tone means: "There's no point in trying to do any­
thing further on this channel now." 
Time delay: Up to three seconds. The time for 
onset of this response may be variable, but at some 
cost in user confidence. Confidence will, of course, 
be highest if the response signal begins within a 
second after activating the ON switch. 
Comment: These statements apply only to the 
condition in which the user is becoming "initial­
ized" in a session with the console. If he is active­
ly engaged in a working conversation with.the 
console, he must get immediate (as perceived by 
him) attention for making an input to the system, 
such as pressing a control key or other form of 
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entry. Having to wait four seconds, or even half 
a second for any reason when he wishes to enter 
information is violently disrupting to thinking. 

This question has two levels. On the first level, 
the user wants to know if the system is available 
to work for him. After favorable acknowledg­
ment, the user—depending on his task—will speci­
fy the programs and data he requires for his 
"private working area" at this session. 

Topic 3 Response to "System, can you do 
work for me?" 

A. Because in many cases a "yes" or "no" to 
the question of system availability may depend on 
the kind of work to be done, the user must key 
in a request for a given service. As the user does 
this, he is becoming psychologically locked into a 
conversation, and his capacity for annoyance with 
the quality of service is increased. 
Time delay: For a routine request (as defined by 
the user performing a task) the acknowledgment 
should be within two seconds. A routine request 
is likely to be a demand for an information image 
in the store. For an impromptu, complex request, 
the delay may extend to five seconds. 

B. The loading of the programs and data called 
for by the user should be within 15 seconds, al­
though delays of up to one minute should be toler­
able. The user will spend his time during this de­
lay in arranging whatever notes he has, and in 
organizing his thoughts preparatory to work. 

C. Response to the user requesting "Set up my 
job from where I left off yesterday" should be 
within 15 seconds for most favorable acceptance, 
up to one minute for acceptance. 

Topic 4. Response to 
understand me?" 

'System, do you 

This implicit query may precede Topic 3, or be 
concurrent with it. Assume the user has entered 
a 7-digit telephone number as a single, meaning­
ful operation. If he has made an error that the 
system can detect, he should be allowed to com­
plete his segment of thought before he is inter­
rupted or told he is locked out. After two seconds 
and before four seconds following completion of 
keying in his "thought," he should be informed of 
his error and either "told" to try again, or told of 
the error he made. 
Comment: It is rude (i.e., disturbing) to be inter­
rupted in mid-thought. The annoyance of the in­

terruption makes it more difficult to get back to 
the train of thought. The two-second pause en­
ables the user to get his sense of completion fol­
lowing which an error indication is more accept­
able. 

Topic 5. Response to Identification 

Assume a badge-reader type of terminal. The 
user is on his way to his work station or is at his 
work station. 

He inserts the card, badge, or other identifying 
medium. Ideally, he should have two kinds of 
feedback. 

1. Feedback to correctly positioned card. This 
should be in the order of direct mechanical 
response, such as activating a detent or pro­
ducing a click or snap, with a delay of less 
than 0.4 to 0.5 second. If failure to position 
the card properly occurs rarely, this form of 
feedback is unnecessary. 

2. Feedback saying the equivalent of "OK, I've 
read you." This response time should be 
within two seconds, and be a fixed length of 
time. In general, people on their way to an 
activity experience mild annoyance at hav­
ing their progress interrupted in order to 
be identified as an employee. The annoyance 
may be mitigated by making the interrup­
tion brief, simple, and standardized so that 
it can be accomplished practically by a 
series of reflex actions. That is why the 
confirmation of the identification should be 
made to the user in a standard length of re­
sponse time. When a user clocks out, he is 
apt to be even more impatient with impedi­
ments. Then, a two-second delay will seem 
four times as long as a one-second delay. 

Another factor in identification speed is 
the\ bottleneck likely to exist at entrances to 
work locations where many employees ar­
rive at about the same time. Small lines of 
employees were informally observed as they 
punched in at time clocks. Cycle time per 
employee—when he had his time card in 
his hand—was about three seconds at the 
clock. The clock itself had a response time 
of about one second after the time card was 
seated. Cutting this response time to 0.5 
second would reduce the cycle time per em­
ployee by 16%, assuming other factors re­
mained constant. But if the response time 
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was four seconds, and it were to be cut to 
one second (and the other factors remained 
constant), people would pass through the 
line twice as fast with a one-second delay 
as with a four-second delay imposed by the 
action of the mechanism. 

Comment: The delays proposed in this section are 
intended to apply only to that kind of identifica­
tion implied by the statement, "Here I am and 
ready to go to work." Where the user sits at an in­
quiry terminal and says, symbolically, "This is 
who I am and I want to use your facility," a longer 
delay in acknowledgment is likely to be accept­
able^—say, up to five or seven seconds. (Note that 
this estimate is consistent with that of "Response 
to, 'System, can you do work for me V " when the 
user is initiating an impromptu, complex request. 
See Topic 3.) 

Topic 6. Response to "Here I am, what work 
should I do next?" 

This inquiry is that of a production worker in 
a factory who has completed an assignment, ac­
knowledged its completion, and requests from the 
terminal his next assignment. It is likely that this 
will be displayed to him in the form of a printed 
slip or card prepared at and by the terminal. Ac­
ceptable delays could range from 10 to 15 seconds. 

This condition does not apply to the user in con­
versation with a terminal, such as in computer-
assisted instruction. If the student has completed 
a segment of study and wishes to continue into 
another topic, the delay should be less than five 
seconds. 

Topic 7. Response to simple inquiry of listed 
information 

This form of inquiry presumes that the query 
addresses an existing record, or record-string, 
which can be directly retrieved and displayed. Ex­
ample: Part #123456: give physical description. 
Or, Richard R. Roe: give man number. Or, Stand­
ard circuit #12345: give description. 

If a terminal is frequently used by an employee 
for this kind of inquiry (say, more than once an 
hour), the response should be within two seconds. 
The employee is likely to have in mind some spe­
cific issue which the display response may resolve. 
It is also likely that the employee may have to scan 
several responses to his queries before hitting on 
the frame that fits his intent. 

Topic 8. Response to simple inquiry of status 

An example would be: "Current order status of 
inventory Part Number 123456." This is a simple 
inquiry because it asks for one category of in­
formation about an unambiguously identified ob­
ject. The system may have to do some searching 
and processing from several storage locations to 
assemble the response. Where the user recognizes 
this requirement, the two-second delay limit may 
be relaxed to seven to ten seconds. 

The user will be holding an idea in mind while 
waiting for the response, but it will be a single 
idea rather than a complex one. For example, 
"Can I or can't I take an order for 2000 items of 
this part number?" 

Topic 9. Response to complex inquiry in 
tabular form 

A complex inquiry is one which requires col­
lecting and displaying data on the basis of logical 
relationships among categories. It assumes an 
"image" of the displayed response does not preex­
ist in the system. An example: "How many orders 
for Product X, placed since January 1, 1967, have 
been cancelled to date?" Assume that master rec­
ords are filed by customer name to which details 
of the order are added as attributes. These at­
tributes include "date that order was placed," and 
"status" of which "cancelled" is a subcategory. 
The system must search these records (perhaps 
via indexes) and pull out the relevant items. (This 
is a simple example of complex inquiry.) 

The user will certainly have a continuity of 
ideas in mind when he makes complex inquiries. 
This particular inquiry should get a complete re­
sponse within four seconds. 

Assume, however, the user had asked the same 
question for Product X, Y and Z. It would now be 
acceptable to display the answer about Product X 
within four seconds, about Product Y within four 
seconds after that, and about Product Z within 
the next four seconds. 

The principle here is that it takes time for the 
user to assimilate the elements in a complex pat­
tern. In many situations, four seconds per item 
would be longer than necessary, and two-second 
delays would in all cases be preferable. 

If the display is graphic rather than tabular in 
format, additional considerations will apply. (See 
Topics 13 through 16 on graphics.) 
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Topic 10. Response to request for next page 

Assume a graphic or high-speed printer output 
at the display. The user has completed reading 
or skimming a section of text which overruns into 
another "frame." The user activated the "Next 
Page" control. 

Here, time delay should be no more than one 
second until (at least) the first several lines of text 
on the new page appears. You can test the annoy­
ance of longer delays by becoming engrossed in 
some text and, when you are about to turn the 
page, be restrained from doing so to a slow count 
of four by an associate. 

Delays of longer than one second will seem in­
trusive on the continuity of thought. 

There is another page-turning condition. This 
is when the user is searching for some item of con­
tent which may lie on any of several pages or 
frames. A half second is a relatively long time, 
subjectively, for getting a page turned while 
searching for items of information. 

A problem may be created when the user wants 
to scan through category indexes and therefore 
would like to flip pages quickly, unless the index 
already exists as an "image." In some cases, how­
ever, the index may have to be custom-built on the 
basis of the user's specific request. Where this 
occurs, the user must be informed that he can ex­
pect two-second delays when requesting the next 
frame of index terms. 

If delays in advancing from a previous frame 
to a next frame in a viewing series are more than 
two seconds, it is increasingly unlikely that the 
user will use this medium for scanning and search­
ing. It seems possible that adequate design of the 
application, however, can minimize the need for 
impromptu organizations of new indexes on im­
mediate demand. 

Skipping a number of pages or frames should 
be manageable with the help of a displayed index 
on one segment of the screen. The user should be 
able to skip ten pages all at once, as rapidly as the 
next page would appear. 

Topic 11. Response to "Now run my problem." 

Assume that an engineer or scientist has writ­
ten a short program to solve a specific equation. 
He has written the program at the terminal. He 
presses the GO button. 

(a) How long he will wait with patience will 

be partly a function of how long he took to 
write the program and enter the data. 

(b) His patience will also depend on the num­
ber of additional data runs or changes he 
expects to make before selecting a particu­
lar set of parameters. 

(c) His patience will also depend on how anx­
ious he is to get back to other work for 
which the calculated result is a step to­
wards solution. 

If the result is returned to him within 15 sec­
onds, he may remain at the terminal "in the prob­
lem-solving frame of mind." If the delays are 
longer, he will, to a corresponding degree, tend not 
to think of the terminal and system as in-line with 
his thinking, and attempt to fill in the wait times 
with secondary activities—probably an unsatisfac­
tory arrangement to him, but less so than staring 
at a blank screen, or waiting hours for a response 
from the Computation Center. These interrup­
tions may also tend to make him satisfied with a 
result after less experimentation than if he could 
continue uninterruptedly. (We assume he wants 
to see an "answer" before he tries another hypoth­
esis.) This is a net loss to both system utiliza­
tion and a user's problem-solving potential. 

Topic 12. Response to delay following keyboard 
entry vs. light-pen entry of category for in­
quiry 

Let us distinguish between light-pen entry of a 
category of information (such as a request for a 
given image or format by touching the light pen 
to a code name), and using the light pen as a 
stylus or drawing instrument. In this topic only 
the use of the light pen as category or function-
selector is relevant. 

Because it is easier for a nontypist to select in­
structions by light pen than by keyboard, he will 
expect a faster response to light pen. The differ­
ence may be that between the two-second response 
time to the light pen, and three-second response 
time to the keyboard. We can also expect a one 
to one-and-a-half second adaptation time required 
by the user for shifting his attention from the 
keyboard to the display. 

This distinction disappears, however, when the 
user is activating a "page-turning" function on the 
display he is viewing. If he is continuing the read­
ing of text (graphic or perhaps even tabular ma­
terial) from one displayed frame to another, one-
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second delay after activating the control , (light 
pen or function key) is a maximum. This is too 
long if he is scanning pages while searching for 
some specific content. (See Topic 10 which calls 
for less than one-second response time.) The user 
who is scanning a series of frames will keep his 
finger (or the stylus) poised over the "Advance to 
Next Frame" control, and activate it without 
shifting his attention from the screen. 

Topic 13. Graphic response from light pen 

There are two major ways in which the light 
pen is used as a stylus (as contrasted with its use 
as a control selector or alphameric message com­
poser) . One is that of drawing lines on the scope 
face where the direction and shape of the line have 
significance. That is, the actual path travelled by 
the light pen is the input to the system. 

Where the lines are drawn with deliberation by 
the user—relatively slowly as compared with 
slashing sketch strokes—a delay of up to 0.1 sec­
ond seems to be acceptable. There must not be 
variability perceived by the user in this delay. 

Another way of using the light pen for graphics 
is to compose an image from a "menu" of image 
parts. For example, a glossary of references at 
the side of the image frame may be symbols of 
resistor, diode, transistor, and so forth. The user 
places his light pen over one of these symbols and 
moves the light pen to the position on the frame 
that he wants the symbol to be. A copy of the sym­
bol follows the light pen. The response delay in 
the image following the light pen may be as much 
as one second because the user is not tracing a line 
but positioning an image that, for him, is com­
pleted when his stylus touches the destination for 
the image. 

Similar delays of up to one second would be ac­
ceptable when the user is constructing the format 
for a graphic display of, say, a bar chart or line 
graph from a menu of symbols. 

Topic 14 Response to complex inquiry in 
graphic form 

Assume the same kind of inquiry as described in 
Topic 9 "Response to Complex Inquiry in Tabular 
Form" except that the response will be a display 
of bar chart, schematic, or graph. 

The graphical response should begin within two 
seconds and certainly be completed within ten sec­
onds if the user is to maintain thought continuity 

in an ongoing task—example, localizing the cause 
of an exception by means of category search. 
Other examples of such continuity in thinking 
would be the use of historical files during problem-
solving sessions where the outcomes of these ses­
sions would result in plans and hypotheses for or­
ganizational changes (operations research) or for 
growth (systems analysis). 

Note: Many variables cited in previous topics 
also apply here. 

Topic 15. Response to graphic manipulation of 
dynamic models 

It is, of course, possible to animate a diagram­
matic representation of a logical system (such as 
a computer), or a process system (such as a fac­
tory or inventory), or a topological system (such 
as transportation routings and flow). Pulses can 
simulate messages or transactions, and the thick­
ness of a bar at the input to a symbolic work sta­
tion may represent the size of a queue. Dynamic 
changes in the distributions of wait times at each 
of many stations can be shown on bar charts, 
whereas changes in the profiles of the bars show 
different patterns of queues or delays. 

Experience with this kind of display is not suf­
ficiently widespread to suggest the limits of ana­
lytical perception of human viewers of this kind of 
graphical simulation. We can expect that after 
many hundreds of hours of studious effort with 
this form of display, great improvements in per­
ceptual sensitivity, retention, and interpretation 
will be achieved by at least some individuals with 
talent for it. 

The problem-solving user will want at least 
three special properties in this kind of display. 
One is that of enlarging a segment of a display 
field. A second is that of selectively suppressing 
details in the representation of action or struc­
ture—similar in principle to going from lower 
levelt o higher level diagrams of a mechanism. A 
third will be an easy means of visually enhancing 
some given path or paths in a complex representa­
tion, while suppressing the remaining content into 
visual phantoms. 

Response-time limits for these functions are not 
even readily conjectured. The serious problem 
solver will, of course, be prepared to spend many 
hours planning and executing the design, optimi­
zation, or simulated test of a complex system fa­
cility. Flexibility in his ability to get the display 
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to shift rapidly from one degree of time compres­
sion or expansion in simulated system behavior, 
or from one level of detail to another, will be im­
portant. This flexibility will determine how much 
and how well he can perceive, interpret, hypothe­
size, control, and modify. But putting minimum 
limits to the words "flexibility" and "shift rapid­
ly" in the preceding sentences would be premature 
beyond the guess that whatever "scenario" of 
events the user must comprehend and work with 
should be compressible into 50-minute periods of 
time. Even this may be 10 times greater than the 
chunk of information that even a problem-solving 
specialist can hold in mind and work with as a de­
signer or eValuator. 

It is here that we need inventive, developmental 
studies somewhat similar to that conducted by the 
RAND Corporation in the early 1950's about how 
mucha SAGE operator could assimilate—and un­
der what conditions. 

Statements about response times for graphic 
simulation of dynamic models will, therefore, not 
include even guesses at this point In knowledge. 

Topic 16. Response to graphic manipulation in 
structural design 

Examples of structural modelling are a highway 
engineer's designing a bridge, or an engineering 
architect's designing a building. 

When the designer adds an element to the de­
sign, one system requirement is that of applying 
sets of algorithmic rules to that design element. 
For example, "Only one physical body can occupy 
a given space at onet ime," or "Building codes re­
quire that. . . ." Another system requirement is-

remembering what the designer has already done. 
A third requirement is translating sketch re­
sponses into the equivalent of appearance render­
ings and engineering renderings. 

The intensity of design conceptualization de­
mands rapid response from the medium on which 
the designer is working. But the designer will 
have to accept some constraints (disciplines) in 
how he attacks and sequences or stages his design 
effort in order to obtain reasonable system re­
sponse (i.e., two-second response time, to be in­
formed that he just sketched in a dimension that 
violates a rule, or type of rule). 

During creative effort, idle time beyond a couple 
of seconds by the designer, while he waits to see 
the consequence of a unitary action, will be inhibit­

ing and intolerable. But, after the designer has 
completed working out an idea—a chunk made up 
of a number of individual actions—he will be in­
clined to wait a minute or two, while the system 
"catches up to him." 

Comment: People engaged in creative activities 
recognize the relatively large amounts of work 
that can be executed during concentrated and con­
tinuous "mental heat" in a single session. This 
heat can cool off in interruptions lasting less than -
a minute. It is this heat of attention that the sys­
tem should attempt to preserve. 

Graphic motion that the designer perceives as 
relevant to the design task will help keep his at­
tention and state of arousal, at least if it contin­
ues for no longer than ten seconds in consummat­
ing some design action. In other words, it is pos­
sible to present artifacts to the designer that will 
maintain his psychological "coupling" to the sys­
tem. The concept precludes setting fixed response 
time limits to various response functions, except 
that their limits will be in seconds (usually) 
rather than in minutes. 

Topic 17. Response to "Execute this command 
into the operational system." 

An example of such a command is a manager's 
intervening in an automatic ordering process and 
designating an alternate vendor. Or, the manager 
may insert a command which, when effected, re­
sults in a change in scheduling of some manufac­
turing operation. Or, as a result of simulation and 
modelling of certain activities of the business, a 
revised operating budget is introduced and its 
implications for a number of affected departments 
are exploded and disseminated. 

Although the user should be informed by the 
system within four seconds that it has understood 
and can interpret the command, its execution and 
final confirmation to the user that the command 
has been executed may have long and variable de­
lays of minutes. The user has terminated one level 
of activity when he enters the command. It will 
be psychologically incomplete only to the degree 
that he expects a feedback telling him of interfer­
ence with its execution. These delays, however, 
are partly dependent on. operating activities out­
side the scope of the automatic system, such as a 
remote manager's being unable to accept a budget 
cut or change in schedule. 
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Postcript 1 

Discontinuity of waiting time at 15 seconds 

Assume an inquiry of any kind has been made. 
The user—and his attention—is captive to the 
terminal until he receives a response. If he is a 
busy man, captivity of more than 15 seconds, even 
for information essential to him, may be more 
than an annoyance and disruption. It can readily 
become a demoralizer—that is, a reducer of work 
pace and of motivation to work. 

If, therefore, response delays of more than 15 
seconds will occur, the system had better be de­
signed to free the user from physical and mental 
captivity, so that he can turn to other activities 
and get his displayed answer when it is convenient 
to him to do so. 

A possible, but doubtful, exception may arise 
when the user is in series with some process or 
continuity that demands (as soon as possible) the 
answer from him, which, in turn, depends on in­
formation he is trying to get at the terminal. In 
this case, the operating demands dictate accept­
able time delays. 

In any event, response delays of approximately 
15 seconds, and certainly any delays longer than 
this, rule out conversational interaction between 
human and information systems. 

Postcript 2 

Time recovery from errors and failures 

A dimension of response time is the question, 
"How quickly can I get going on my task again 
after something goes wrong?" What may have 
gone wrong could have been a machine failure, a 
failure in an operating program, an operator er­
ror, or an error by the user in mid-task. 

The design of the system, including the applica­
tion, should simplify both the effort and shorten 
the time required for recovery as perceived by 
the user. 

If the user was in simple-inquiry mode, he will 
probably have a record of his last inquiry at the 
terminal, and can input the inquiry again. 

If the user was in complex-inquiry mode, the 
last index of categories that he was using before 
the failure should have been retained and made 
available to him, so that he can pick up his inquiry 
from a position of good context. 

If the user was in conversational problem-solv­
ing mode, there should have been retained a copy 
of all the parameters and starting structure of the 
model he constructed. Reconstructing this model 
would, from the user's standpoint, be the most 
arduous and unreliable of activities. (As an ex­
ample of this almost universal dread of work get­
ting lost, many writers and engineers save their 
yellow-sheet draft sketches in desk drawers until 
the job is entirely completed.) One can tolerate 
the loss of a machine run, which can be rerun 
later, but the loss of even an hour's creative work 
is obviously demoralizing. Rarely does one feel 
confidence that the reconstruction has all of the 
magic contained in the original. 

When a system failure occurs, from whatever 
cause, the user is likely to feel an irrational sense 
of failure if his job has been lost. In some degree, 
it will be remembered as personal failure, and var­
ious psychological defenses will be inevitable. (One 
form of defense is to avoid the cause of the threat 
in the future.) It is therefore desirable, for moti­
vational reasons as well as operating reasons, to 
attempt to restore the system as quickly as possible 
so that he can pick up and continue. "As quickly 
as possible" means "while he is still in dialogue 
(or work session) with the system"—and that 
means within 15 seconds, or failing that, within 
less than five minutes. The system should tell him 
how long he may have to be patient, and it should 
do so immediately after the failure, whatever it 
may be. 
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