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1 Setting the Stage Before the Mid 1980s

With the advent of time sharing computer systems in the late 1960s, temporal
factors came into the focus of human-computer interaction (HCI). To the present
author’s knowledge, NICKERSON et al. (1968) and CARBONELL, et al. (1968) were
the first authors to point to the psychological importance of involuntary delays in
HCI. They concluded that computer-system originated waiting times should either
be rather short, thus preventing the work flow from being interrupted, or be long
enough to allow for the so-called job swapping which means executing another
task during the waiting period.

On the background of communication theory, a similar point was made by
MILLER (1968), who recommended upper limits of 2 seconds for intratask- and 15
seconds for intertask-computer elicited waiting times to prevent a breakdown
during the HCI dialogue. Otherwise, the human operator should be allowed to
behave as a time-sharing system, switching to other tasks during the interruption.
These early insights are still valid and more recently discussed as determining
optimal system response times (BOUCSEIN 2000) and under the concept of multi-
tasking (SCHAEFER et al. 2000).

The term “system response time” (SRT) was introduced by WILLIGES and
WILLIGES (1982) and SHNEIDERMAN (1984) who divided the human operator’s
behavior in alternating “operant” and “respondent” parts. These terms — taken
from psychological learning theory — were used to classify actions during HCI
depending on who initiates them: the human (operant) or the computer (respon-
dent). The time between the termination of the user’s input and the computer’s
“prompt” was labeled SRT.

System response times are of particular importance for HCI because of their
stress inducing properties (for a summary, see BOUCSEIN 2000). Without provid-
ing empirical data, PETERS (1977) pointed to observations of an increased heart
rate (HR) during waiting times in HCI. MARTIN (1973) did not only focus on the
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length but also on the variability of SRTs, the latter supposedly being a source of
uncertainty and thus possibly stress inducing. His recommendation, though also
not empirically backed up, was that the standard deviation should not exceed half
of the mean SRT. In addition, Martin pointed to the importance of task complexity
for the tolerability of SRTs. This had been already pointed out by SACKMAN
(1970) who reported that operators became rather impatient if SRTs for simple
tasks exceeded 10 seconds and/or were irregular, whereas if an operator assumed
that the computer was currently busy with handling a huge amount of data, SRTs
up to 10 minutes could be well tolerated. Cognitive psychologists later called this
the “model which an operator has from the computer” (SHNEIDERMAN 1984).

2 Psychophysiological Stress-Inducing Properties of
System Response Times

Based on psychological stress theories, BOUCSEIN et al. (1984) set the stage for a
comprehensive research program on the possible stress inducing properties of
mean duration and variability of SRTs, based on the following two general hy-
potheses:

(1) Any increase of mean SRTs beyond a well tolerated time span will induce
stress by means of anticipating negative consequences such as overtime work
or salary reduction (GREIF 1983). This hypothesis was probed using SRTs of
different lengths.

(2) A continuous work flow which is interrupted by intervals of unpredictable
length is likely to produce uncertainty, which is also a source of psychologi-
cal stress (MONAT et al. 1972). This hypothesis was probed using SRTs of
different variability.

Since stress induced by SRTs could be expected to show up instantaneously,
measures of the autonomic nervous system would be the adequate psychophysi-
ological responses to look for (BOUCSEIN 1988, 2006, LUCZAK 1987). Taking
samples of hormones such as catecholamines and cortisol would be more suitable
for determining long lasting phenomena such as the inability to unwind after work
(MELIN & LUNDBERG 1997).

Between 1982 and 1997, the present author’s group performed a series of sys-
tematic laboratory studies on the stress inducing properties of SRTs. Similar to the
type of assessment of HCI chosen by CARD et al. (1983), a rather simple computer
task was chosen to permit a close control of task variables in relation to SRTs. A
space surrounded by identical letters had to be targeted within a line of otherwise
randomly generated letters and spaces, which was presented in the center of a
visual display. Only two studies (THUM et al. 1995, SCHAEFER & KOHLISCH
1995) used a more complicated task to individually standardize mental strain. In
our studies, SRTs were varied systematically between 0.5 and 8 seconds. Addi-
tional time pressure was induced by using incentives for working as fast and as
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correctly as possible or by announcing overtime work in the case of incorrect
solutions.

As autonomic nervous system measures, we applied skin conductance level
(SCL), frequency and mean amplitude of nonspecific electrodermal responses
(NS.EDRs), systolic and diastolic blood pressure (SBP and DBP), mean arterial
BP, HR, heart rate variability (HRV), and respiration rate. In addition, frontalis
electromyogram (EMG) was recorded as another indicator of short lasting stress
responses. As performance measures, we used task completion time, numbers and
relevance of keystrokes, cursor movements and errors, whereas ratings of mood
and bodily symptoms were applied as subjective measures.
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Table 42.1. Results from six studies on System Response Times: a: SCHAEFER et al.
(1986), N= 20; b: KUHMANN et al. (1987), N= 68; c: KUHMANN (1989), N= 48; d:
KUHMANN et al. (1990), N= 24; e: THUM et al. (1995), N= 40; f: KOHLISCH &
KUHMANN (1997), N= 42. EDR freq. = EDR frequency; EDR amp. = EDR amplitude.

(after BOUCSEIN (2000), Table 14.1)
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2.1 Effects of SRT Duration and the Concept of an Optimal SRT

Our results from six laboratory experiments with altogether 242 subjects are
summarized in Table 42.1 (taken from BOUCSEIN 2000, Table 14.1). Contrary to
our hypotheses, our general findings were that negative physiological, behavioral,
and subjective consequences resulted not only from rather long but also from
rather short SRTs. If in case of the latter, incentives for working fast such as time
pressure were present (top of the third column of Table 42.1), our subjects devel-
oped considerable cardiorespiratory strain, i.e., increases of SBP, DBP, and respi-
ration rate, plus a decrease in HRV. In addition, there was an increase of EMG
frontalis activity and of NS.EDR frequency (NS.EDR freq.). The subjects showed
an increase in error rate, cursor movements, and irrelevant keystrokes as signs of
impaired performance. They also reported more subjective complaints which are
typical for computer workplaces. When no time pressure was imposed on the
subjects under the short SRT conditions (top of the fourth column of Table 42.1),
physiological and subjective effects were less computer-task specific, and only
rather slight increases in SBP, DBP, and HR were observed. However, there was
an increase of general subjective arousal and the number of task-related bodily
symptoms. Despite not being instructed to do so, our subjects spontaneously in-
creased their working speed, the consequence of which was an increase of error
rates. Since our subjects were not experienced computer users, our impression was
that they may have felt rushed by the tasks being presented too fast for their per-
sonal tempo.

When SRTs were rather long, a different picture emerged. At first glance, it
looked as if rather long SRTs simply resulted in a more relaxed and careful work
style, compared to the case when incentives for working fast were present, e.g.,
time pressure (bottom of the third column of Table 42.1). Subjects made fewer
errors, presumably because error correction was much more time consuming.
However, any increased relaxation was perceived rather than real, because sub-
jects experienced their working situation as uncomfortable, which is shown by an
increasing number of negative emotions and headache symptoms. In addition, an
increase in SCL, NS.EDR frequency, or mean NS.EDR amplitude suggested an
augmentation of emotional strain. Results without incentives, e.g., without time
pressure (bottom of the fourth column of Table 42.1) were similar with respect to
a low error rate. However, subjects used their resources less effectively, increasing
the number of cursor movements and the time needed for task completion. Fur-
thermore, an enhanced subjective well-being, which had been reported at the be-
ginning, faded during the course of work. At the same time, emotional tension
developed as indicated by an increasing amount of EDA during SRTs with dura-
tion of 8 seconds (KUHMANN 1989). The decrease in EDA after an initial increase
reported by KUHMANN et al. (1990) corresponds to an application of SRTs within
a single task instead of SRTs between tasks. In general, effects of long SRTs on
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EDA are more pronounced under time pressure, compared to conditions with no
incentives for working fast.

We consider an increase of workload due to high work density a possible rea-
son for the stress-inducing effects of short SRTs, which is in accordance with
elevated cardiorespiratory activity (top of the third and fourth columns of Table
42.1). However, since increased cardiorespiratory activity can be regarded as an
indicator for physical strain (BOUCSEIN 1993), it should be ruled out that our
results were mediated by an increased amount of physical activity required under
short SRTs, whereas long SRTs might have imposed less motor activity on our
subjects. This was probed by varying motor demands and mental load as inde-
pendent factors in two experiments performed by KOHLISCH & SCHAEFER
(1996). The task used in the first study was to use compensatory keystrokes for
keeping a cursor moving towards the left margin of the screen within a target area
in the middle of the screen. They experimentally varied the required motor activity
in four steps by manipulating the cursor speed, using inter-keystroke intervals of
150, 300, 600, or 1,200 milliseconds, respectively. Mental load was varied by
narrowing or widening the target area, thus changing the required accuracy for
keystroke synchronization. A completely balanced within-subjects design was
applied, in which 24 subjects performed a training of 20 seconds and a test trial of
90 seconds for each combination of conditions. Besides mean inter-keystroke
intervals, they recorded heart period (instead of HR) and NS.EDR freq. as psy-
chophysiological measures. When the mean inter-keystroke intervals were 300
milliseconds or longer, cardiovascular and electrodermal measures remained unaf-
fected by motor activity which is in accordance with CARRIERO’S (1975) finding
that tapping below 333 milliseconds does not exert considerable influence cardio-
vascular and electrodermal variables. A second study with 42 subjects confirmed
this result. In this experiment, an additional arithmetic task was applied for the
induction of mental load. Again, no significant effects of motor activity on psy-
chophysiological variables were found below 360 milliseconds. In HCI, the re-
ported range for mean inter-keystroke intervals lies between 891 milliseconds and
5.01 seconds (RAUTERBERG 1992), with a mean of 453 milliseconds for data
entry tasks (HENNING et al. 1989). Because the intervals had been as high as 880
milliseconds in the KUHMANN et al. (1987) study, an increased motor demand
cannot account for the psychophysiological changes observed under short SRTs.
Therefore, an increased mental workload under short SRTs is the most likely ex-
planation for the observed cardiorespiratory stress effects.

To further probe the importance of mental workload for psychophysiological
effects of SRTs, THUM et al. (1995) performed a study with 40 subjects. They
kept metabolic demands due to mental workload constant while varying SRTs, by
using an adaptive computer task developed earlier by KUHMANN (1979). This
task consisted of a randomly generated 6 x 6 matrices of 36 two-digit numbers
where the subjects had to decide whether one, both, or none of the two target
numbers were present. An algorithm continuously varied the presentation time of
the matrices, becoming shorter after a correct response and longer after two sub-
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sequent mistakes, thereby ensuring that all subjects achieved the same percentage
of correct responses. After each single task, feedback was given to the subject.
The first of three 7-minute trials was performed with 1.5 seconds SRTs, the two
others with 0.5 seconds and 4.5 seconds in a counterbalanced order. Half of the
subjects were given monetary incentive for exceeding a certain performance level.
HR, SBP, DBP, respiration rate, EDA, and frontalis EMG were recorded, and after
each trial, task features (e.g., difficulty in comparison with a reference trial) as
well as emotional states during the task were rated. Compared to the medium SRT
of 1.5 seconds, both short (0.5 seconds) and long (4.5 seconds) SRTs significantly
increased HRV while HR was reduced. In addition, short SRTs increased DBP,
while long SRTs increased NS.EDR amplitude and reduced SBP and respiration
rate. Compared to 0.5 seconds, the 4.5 seconds SRTs increased the NS.EDR am-
plitude and the HRV, but reduced SBP, DBP, and respiration rate. This complex
outcome of the THUM et al. (1995) study shows that SRTs being shorter and
longer than a certain medium range may induce considerable psychophysiological
strain. Therefore, effects of short SRTs on HR and HRV as displayed in the upper
part of Table 42.1 may be due to mental workload since they no longer appear
when this factor is controlled.

The adverse effects of rather short SRTs determined by our research group
have been challenged by SCHLEIFER and OKOGBAA (1990). In their own experi-
ment, 45 female professional typists performed an alphanumerical data entry task
in response to a series of prompts displayed on a VDT screen on 4 consecutive
days. Their subjects worked either under short and invariable (350 ms) or long and
variable (3-10 seconds) SRTs. Half of their subjects received a monetary incen-
tive for working faster and a penalty for making more errors compared to an indi-
vidual baseline. Results indicated that time pressure imposed by monetary incen-
tives led to increased cardiovascular strain (increased SBP and DBP, decreased
HRYV) during the last 2 days of their experiment. However, no significant effects
of SRTs and no interactions between SRT and incentive conditions were found in
their psychophysiological measures. One possible explanation could be the differ-
ence in subjects between our studies and the Schleifer and Okogbaa one: Their
typists may have been acquainted with the combination of short SRTs and mone-
tary incentives, which was not the case for the student subjects used by our group.
Additionally, there was no chance for the adverse effects of long SRTs found by
our group in electrodermal measures, since Schleifer and Okogbaa restricted
themselves to cardiovascular measures.

Provided that various psychophysiological studies have shown detrimental ef-
fects of very short SRTs, the general recommendation “faster is better” (see the
title of a paper by SMITH 1983) does not seem to be appropriate for HCI, except
for programmers (LAMBERT 1984). Instead, our results support a concept of an
optimal SRT, which is in accordance with the notion of SHNEIDERMAN (1992, p.
277) that there is a preferred SRT for a given user and task, and that both shorter
and longer SRTs may generate debilitating effects on the effectiveness of HCI.
Based on the research performed by our group, our recommendation in the mid
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1990s was to determine an optimal SRT for each task in question. The criteria for
such an optimal SRT were considered:

no marked increases in cardiovascular activity,
low NS.EDR freq.,

no increased general muscle tension,

best performance, and

lowest reports of pain symptoms.

With the particular task and kinds of subjects used by our group, the optimal
SRT turned out to be 5-6 seconds (KUHMANN 1989). Presumably, the optimum
would be shorter for experienced computer users who are familiar with the task,
such as the typists used by SCHLEIFER and OKOGBAA (1990), but also for other
kinds of tasks (e.g., about 1.5 seconds for the task used by THUM et al. 1995).
Optimal SRTs could well be much longer, as was the case in the BARBER and
LUCAS (1983) study, where the optimal SRT was 12 seconds for establishing
telephone circuits in interstate networks.

KOHLISCH and KUHMANN (1997) exemplified how such an optimal SRT for
the task in question should be determined. Their 42 subjects performed the detec-
tion task, as applied by our group so far, for 10 minutes under three conditions in a
balance repeated measurement design. SRTs were either 1 second (i.e., short), 5
seconds (i.e., medium), or 9 seconds (i.e., long). An extra amount of unpaid over-
time work was announced if the subjects’ performance would not meet a com-
bined speed-accuracy criterion checked by the computer. This was introduced to
provide an incentive for working as fast and correct as possible. Besides recording
speed and accuracy, HR, BP and EDA as well as subjective ratings of mood,
arousal and bodily symptoms were obtained. As a result, the percentage of errors,
the amount of irrelevant keystrokes and mean arterial BP were significantly in-
creased under short SRTs compared to the other two conditions. Unexpectedly
from the results summarized in Table 42.1, NS.EDR freq. was significantly higher
under the short, compared to the long SRT condition. The authors concluded that
the 1-second SRT was stress and error inducing. Since the amount of subjectively
reported headache was significantly higher under SRTs of 9 seconds compared to
those of 5 seconds, KOHLISCH and KUHMANN (1997) considered 5 seconds as an
optimal SRT for the specific combination of task and subjects.

Attempts to theoretically explain the adverse effects of prolonged SRTs date
back to MILLER’s (1968) review on response times in HCI. Based on communica-
tion theory, Miller considered a breakdown of the human computer dialogue a
possible cause for stress-inducing properties of rather long SRTs. As a conse-
quence, he recommended an upper limit of 2 seconds for intra-task and 15 seconds
for inter-task SRTs. Another possible explanation is that computer users may
become concerned with prolonged SRTs since the penalty for errors increases
because of slowing down their work (SHNEIDERMAN 1992). In addition, pro-
longed SRTs have been found detrimental for the user’s motivation and work
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satisfaction (e.g., SCHLEIFER & AMICK 1989, THUM et al. 1995, TREURNIET et
al. 1985). Both may in turn contribute to performance decrements.

2.2 Effects of Variability of SRTs and Reducing Their
Stress-Inducing Effects

Since temporal uncertainty may also be an important stress inducing factor in HCI
(BOUCSEIN et al. 1984), it has been suggested that not only the length but also the
variability of SRTs may induce strain by a mechanism of inducing uncertainty
concerning the temporal course of HCI (CARBONELL et al. 1968). Unexpectedly,
no dramatic effects were found when considerable SRT variability was introduced
(see SHNEIDERMAN, 1992, Chap. 7.6, for a summary). For example, in two stud-
ies that introduced zero or 80% variability of SRTs as a second experimental fac-
tor besides 2 and 8 seconds SRT duration, neither significant main effects of vari-
ability nor interactions with duration were found (KUHMANN et al. 1987, SCHAE-
FER et al. 1986). To resolve this issue, another study was performed by SCHAE-
FER (1990) with 48 subjects. After 20 minutes training with 1 seconds SRTs for
all subjects, four independent groups performed the detection task used earlier by
our group with 2, 4, 6, or 8 seconds fixed SRTs for another 20 minutes. The fol-
lowing six blocks of 20 minutes each used a so-called stop-reaction time proce-
dure. This means a sequence of events presented with constant intervals is halted
from time to time. The subjects’ task is to press a key as soon as they notice such
an unpredictable event. Subjects were instructed that system breakdowns would
occur in irregular sequence instead of the ordinary SRTs, and that a “restart key”
would enable them to continue their work. To prevent subjects from speeding up
their work by pressing this key, the restart needed 8 seconds. As a result, no sig-
nificant effects of SRTs on HR, or SBP and DBP were found. The plot of mean
stop-reaction times against SRTs fitted a positively accelerated power function
with an exponent of 3.39. An alternative linear model had to be rejected, appar-
ently due to the marked increase of stop-reaction times under the 8 seconds SRT
condition. Similar results were obtained for the standard deviations of the stop-
reaction times. This points to a deterioration of temporal sensitivity for SRTs with
durations between 6 and 8 seconds, since means and standard deviations of stop-
reaction times were in agreement with Weber’s Law up to 6 seconds but no more
with 8 seconds SRTs. An impaired predictability resulted in performance decre-
ment under the 8 seconds SRT condition, where subjects needed more time to
complete their tasks because more cursor movements were performed. As a con-
sequence, the failure of our earlier studies to determine a separate effect of SRT
variability was re-interpreted insofar, as temporal uncertainty could have been the
critical factor for the adverse effects not only of the variable but also the constant
8 seconds SRT condition. The reason is that subjects may have not been able to
subjectively distinguish between those conditions.
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To address the question, how predictability of SRT duration influences the
working behavior, KUHMANN and SCHAEFER (2007) conducted a study with 50
subjects who performed the error detection task used earlier by our group. The
target to be identified and marked with the cursor could occur in 10 different posi-
tions. SRTs were either coupled with the target position and thus predictable, or
randomly distributed, thus making SRTs unpredictable. In another condition with
predictable SRTs, the part of the text line on the left side of the target remained
visible on the screen during SRT, thus indicating its actual duration. In 20% of the
tasks, presenting the subsequent task was delayed until the subjects pressed a
“restart key” as in the stop-reaction time procedure introduced by SCHAEFER
(1990). However, pressing the “restart key” before the SRT was expired resulted
in an unproportional long additional waiting time, which considerably prolonged
the working time. Because of the importance of correctly estimating the SRT in
this setting, the stop-reaction task consisted a vehicle to access the subjects’ inter-
nal representation of SRTs. Results showed that stop-reaction times under the
predictable condition corresponded to the target positions of the preceding task,
while they were uncorrelated with the previous target positions in the unpredict-
able condition and often exceeded the longest SRT. Both strategies, differential
responding and responding to the longest SRT, indicate that subjects tried to opti-
mize their total amount of working time. However, differential responding which
occurred under the predictable condition was associated with additional cognitive
work load compared to the unpredictable condition. The KUHMANN and SCHAE-
FER (2007) results strongly support the use of displaying the actual progress of the
computational task in case of unpredictably variable SRTs, instead of giving an
estimate for the time until task completion as used in most PC based software
systems. However, in case of predictable SRTs, it is advised not to indicate
elapsed or still to be expected parts of actual SRTs, since users are able to detect
regularly interspersed SRTs by implicit learning and optimize their work flow
according to the system’s temporal behavior.

The observable detrimental effects of unpredictable SRTs during mental tasks
may be partly due to the fact that SRTs are normally used for preparing a subse-
quent work step. Therefore, SRTs can be confusing if their anticipated duration
does not correspond to their actual duration. In general, it will be more likely for
preparatory-related problems to appear in inter-task SRTs than in intra-task SRTs.
Therefore, an intra-task SRT paradigm was used by SCHAEFER and KOHLISCH
(1995) to determine the kind of mental processes during SRTs by means of EEG
recordings from Fz and Pz. Their 54 subjects performed a series of 360 target
recognition tasks which served as a model for database retrieval. After presenta-
tion of an artificial target word on the screen, SRTs of 1, 2, or 4 seconds were
imposed on one third of the subjects each, prior to the appearance of a recognition
list. The match of SRTs with the subjects’ expectation was varied as an additional
within-subjects factor as follows: The standard SRT was reduced by 25% in 30
trials and increased by 25% in another 30 trials, which were randomly interspersed
between standard trials. For each condition, latencies and amplitudes of N100 and
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P300 following SRT termination were obtained. The N100 and P300 latencies
were larger and recognition time was longer when SRTs were unexpectedly short,
whereas P300 amplitudes were increased and working speed was reduced for the
subsequent task when SRTs were unexpectedly long. In addition to the demonstra-
tion of distortions during information processing, this result stresses the impor-
tance of a stable and predictable SRT in HCIL.

Intra-task SRTs were also probed by KUHMANN et al. (1990), using 24 sub-
jects, who worked on a modification of the detection task used earlier by our
group. Two rows of random letters with spaces as used in the other studies were
combined into one task, after which the subjects had to report whether a target
(i.e., a space surrounded by two identical letters) was detected or not in either of
the subsequently presented lines. After 15 minutes training with constant 1 second
intra-task SRT between the two lines, subjects performed four 10 minutes trials in
a counterbalanced order with intra-task SRTs of 2 or 8 seconds, crossed with zero
or 80% variability as a second factor. Again, SRT variability did not have any
effect on physiological and performance measures, but there was significantly less
subjective well being and more symptoms of general excitement in variable com-
pared to constant SRTs. In accordance with the results from inter-task SRTs, car-
diovascular activity (i.e., HR) was increased while working under short intra-task
SRTs. However, an increase in NS.EDR freq. observed under long SRTs at the
beginning reversed during the course of the trials. In accordance with our hy-
pothesis that detrimental effects of SRTs would show up if they were introduced
within a task, SRTs mainly affected performance in the second part of the task.
Under short SRTs, subjects worked significantly faster on the second line but their
error rate increased as well. Performance decrements and physiological as well as
subjective strain are likely to occur not only when SRTs exceed a certain optimal
range but also when SRTs are too short for the task in question. This has been
found for both, intra-task SRTs and inter-task SRTs.

In accordance with our second general hypothesis, HOLLING and GEDIGA
(1987) formalized a theoretical approach based on the cognitive stress theory of
Lazarus (MONAT et al. 1972), using a probability model for determining the course
of strain development during SRTs. According to a proposal made by CAR-
BONELL et al. (1968), they assumed a linear non-decreasing function for psycho-
logical costs, e.g., the amount of anger associated with SRT duration. The subjec-
tive expectation of SRTs was regarded as a probability distribution. As a result,
the integrated conditional expectation of the future costs allowed for a precise
prediction of the time course for developing strain during the actual SRT.

To analyze the predictions of the model, Holling and Gediga performed a labo-
ratory study with 72 subjects who worked for 6 trials of 12 minutes each on the
simple detection task used by our group. Four experimental conditions made up
from 2 or 8 seconds mean SRT duration crossed by constant or variable SRTs
were applied in a counterbalanced order. Heart rate and BP were recorded, and
ratings of subjective stress, weariness and anger were obtained after each trial.
Their results supported the strain increasing property of SRT variability and stated
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that 8 seconds SRTs were more stress-inducing than those of only 2 seconds dura-
tion. However, the assumption of a linear cost function had little predictive power
for the course of strain developing during SRTs.

A possibility for the reduction of stress induced by long and/or unpredictable
SRTs may be providing feedback on the status of the task in progress. In a labora-
tory study with 48 subjects whose task was to correct errors detected by the com-
puter in seven files consisting of 100 forms each, HOLLING (1993) applied two
versions of the task already used by HOLLING and GEDIGA (1987) in a counter-
balanced order. One version gave no information about the status of the task,
while the other one continuously displayed the number of the form which was
actually being checked by the computer. Standardized differences between the
measure of strain, developed by HOLLING and GEDIGA (1987) under both condi-
tions were computed for EDA (SCL) and HR. Stress detected by EDA was sig-
nificantly lower when feedback was given, paralleled by a decrease in subjective
strain measures of anger and arousal, whereas feedback did not exert a significant
effect on HR.

Besides using indicators as feedback for the progress of an actual SRT, their
stress-inducing properties may be reduced by allowing the user to behave like a
time sharing system — a suggestion made as early as by MILLER (1968). In a pre-
liminary study performed by SCHAEFER et al. (2000), 48 students worked on a
mocked power plant control center setup. A panel showed 36 displays to be set to
particular initial values, some of which were to be requested from a virtual remote
data bank by transmission lines. During the processing times for these requests,
which were 10 seconds for half of the subjects and 30 seconds for the other half,
the setup procedure could be either continued or additional requests could be
started. As an additional within-subjects factor, feedback on the progress of
opened requests was either not provided or given as a static or a dynamic display.
EDA, ECG, peripheral blood volume and respiration were continuously recorded,
and keystrokes and request handling were written in log-files. Subjective ratings
were taken after each feedback condition. Results showed that the multi-tasking
features were more often used when the processing times were long, a condition
under which subjects also reported more arousal and pain symptoms. For short
processing times, both frequency and amplitudes of NS.EDRs significantly in-
creased, indicating increased emotional strain. Cardiovascular measures did not
yield significant effects. These results mean that the psychophysiological patterns
seems to be reversed compared to the former results of our group with single-task
systems. We concluded that under multi-tasking conditions, long SRTs seem to be
more convenient since they may be used for the performance of other work steps,
which is not the case with short SRTs. It is also a possibility that EDA may have
indicated the inappropriateness of using multi-tasking procedures during too short
processing times.

An additional resource for coping with stress-strain processes induced by SRTs
may be using the multi-tasking capabilities of modern computer systems. Instead
of merely waiting for the computer to respond, the user may decide to work on
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several processes simultaneously. However, if SRTs do not exceed a certain dura-
tion, the benefit from switching to another task instead of waiting may be more
than outweighed by the additional mental load that results from scheduling (the
term scheduling refers to the need for organizing the work flow of different tasks
running in parallel). Maintaining an optimal scheduling is an additional mental
challenge for the user and thus becomes another source of stress. Coping with this
type of stress can be facilitated by providing appropriate feedback on the temporal
aspects of processes running in the background while a main task is performed.
Therefore, process indicators play an important role in multi-tasking systems.

The aim of the next two studies (BOUCSEIN et al. 1998) was to establish the re-
lationship between the duration of SRTs (i.e., the duration of processes running in
the background), the type of feedback given by process indicators, and the stress-
reducing properties of multi-tasking. We expected the stress-reducing features of
multi-tasking to become more prominent with increasing background process
duration. Furthermore, we expected the stress imposed by the need for scheduling
to be reduced if the temporal flow of processes running in the background is visu-
alized by means of process indicators. Two types of process indicators were ap-
plied: a static and a dynamic-relative indicator. In order to create a realistic envi-
ronment for multi-tasking, a simulated computer aided design (CAD) task was
programmed permitting two different background processes. The task consisted of
a series of three pages with 12 screws, each of which was to be calculated and
inserted. Users were asked to get a screw symbol with the mouse from a graphic
board, insert it at the predetermined position and measure the required length by
using two mouse clicks. Background process 1 was started by entering the num-
bers for thickness of material and required strength for the screw in a separate
window. The results of this process were the minimal length and diameter re-
quired for the screw. Those numbers were entered in another window for back-
ground process 2 that resulted in the norm length and diameter of the screw fitting
for the particular purpose. Finally, the numbers for length and diameter were en-
tered in a window in order to generate the selected screw, and the screw was
draught to its place with the mouse.

A first study with 18 male engineering students was performed to determine the
minimal background process duration for a successful multi-tasking. Three differ-
ent values for the process duration (10, 20 and 40 seconds) were applied in coun-
terbalanced order. Electrodermal activity, HR, EMG recorded from the neck, BP,
respiration rate, and electrooculogram were continuously recorded, together with
different working strategy parameters such as mouse movements, processes in use
and activity breaks. Subjective ratings were taken after each CAD page. Covari-
ance analyses were applied after eliminating general habituation effects over trials.
Psychophysiological parameters did not yield significant effects, presumably be-
cause of the different work strategies used during the three different levels of
processing times as could be shown by strategy parameters. Besides causing
longer working periods, prolongation of background process duration times re-
sulted in less arousal and more emotional strain. The highest error rate and the
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strongest self-rated bodily pain symptoms occurred with processing times of 20
seconds. Our conclusion was that the 20 seconds background process duration
might have the most benefit from introducing process indicators.

As a consequence, the background process duration of 20 seconds was used in
a second study with 42 male engineering students. Three different experimental
conditions were applied in counterbalanced order: A process indicator (an hour-
glass showing up until the background process was done), a dynamic-relative
process indicator (a horizontal bar filling from left to right proportional to percent-
done of the background process), and no process indicator as a control condition.
We expected the dynamic indicator to further reduce mental strain, but possibly
increase emotional strain because of its property to push towards the end of the
task in progress. Psychophysiological, subjective, and performance measures as
well as the statistical evaluation were the same as in the first study. The presence
of process indicators accelerated working speed and cardiorespiratory activity,
regardless of the indicator type. The rate of utilization of the multi-tasking features
increased significantly with the presence of process indicators: In only 53% of the
time there was no background process active as compared to 56% under the no-
process-indicator condition. This rate of utilization difference was better reflected
in subprocess 1 than in subprocess 2 where the significance was only marginal.
However, only in less than 2% of the time both subprocesses were simultaneously
activated. The only physiological measures affected by the introduction of process
indicators were the systolic blood pressure and the respiration rate, both increasing
significantly. In the subjective domain, anxiety/depression decreased slightly but
significantly. On the other hand, there was a marginal significant decrease in sub-
jective well being with increasing complexity of the process indicators. The psy-
chophysiological changes observed can be easily explained with the increase in
performance.

In general, there were not many differences between physiological measures
under the different experimental conditions in both studies. Instead, we observed
marked differences in various measures of working strategy. Our interpretation is
that our subjects had so many degrees of freedom in the CAD task that they were
able to compensate for both kinds of possible stress inducing factors (mental and
emotional) by changing their working strategies accordingly. In our former work
on system response times, we used highly determined task sequences with almost
no degrees of freedom. Therefore, the present results do not directly compare
since the CAD task used allowed for multiple degrees of freedom. Those may be
used as an additional resource for preventing stress caused by adverse factors in
the work flow such as forced waiting periods. The introduction of process indica-
tors increased working speed and accordingly cardiorespiratory activity. However,
there is no increase in neck muscle tension and no stress relevant change in elec-
trodermal or subjective measures. Instead, subjective anxiety and depression show
a small though significant decrease.

We concluded that using multi-tasking computer systems may increase the
amount of work and enhance performance but does not seem to increase psycho-
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physiological stress. Moreover, the kind of process indicator used does not really
matter, although the presence of such indicators shows superiority over the ab-
sence of process indicators. It is concluded that multi-tasking may facilitate action
regulation as an additional resource for coping with psychophysiological stress
during HCL

3 System Response Times — A Persisting Problem

Despite the comprehensive research program that our group has performed and
published for more than 15 years (with an extension to recently), the computer
software engineering community almost completely disregarded the results from
psychophysiological research on SRTs. In the field of designing interfaces, results
from the so-called cognitive psychology still prevail, focusing on time estimation
and perception, attention memory, and user rated satisfaction (e.g., SHNEIDER-
MAN & PLAISANT 2005). There are, however, a few exceptions.

HUTTNER et al. (1995) stated that SRTs no longer contain a problem with
stand-alone personal computers, however, are still of great relevance in case of
access to a central unit within a network. A very common mistake in designing
such systems is to minimize SRTs as much as possible. A much better strategy
would be to avoid SRTs becoming too variable (the standard deviation should be
less than half of the mean), and to provide a preliminary instantaneous response to
inform the user about the processing being started. Especially when SRTs exceed
30 seconds, an analog indicator of the system progress is required to avoid adverse
effects. However, analog indicators that do not really correspond to the time to be
elapsed as seen in various Windows-based applications can not be trusted and will
hence be prone to again produce adverse effects.

With the advent of the World Wide Web, SRTs became everyone’s “daily
bread”. As a consequence, the issue of possible detrimental effects of SRTs on the
course of HCI and its outcome gained some importance for the design process of
interfaces (JACKO et al. 2000). Since SRTs consist an unavoidable by-product of
interactions between multiple users — as they already did for multiple terminals
connected to a single mainframe in the late 1960 — one does not have to be a
prophet to predict that SRTs will continue to be a significant issue in designing
interfaces for any kind of HCI (POLKOSKY & LEWIS 2002).

In a study with 26 subjects, grouped into skilled and unskilled Web users,
TRIMMEL et al. (2003) found an increase of psychophysiological strain with pro-
longed SRTs. Their subjects performed three Web tasks with 2, 10 and 22 seconds
SRT duration. Regardless of their level of experience, subjects who rated their
subjective stress level being heightened emerged higher HRs compared to those
with a lower subjective stress level, and their HRs increased with the duration of
SRTs. The authors concluded that uncertainty about the outcome of the S’s last
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action could be seen as a main source of an increase in psychophysiological strain.
Hence, SRTs persist as an important source of stress in the world of Web.

Since speed has been considered one of the most important issues for Web us-
ers, interfaces that come with long and/or unpredictable SRTs may have both
serious psychological and economical consequences (LIGHTNER et al. 1996).
Even short SRTs of no more than 2 seconds may exert detrimental effects on the
conversational nature of HCI (MILLER 1968). Delays of 8 seconds are commonly
regarded as a threshold for adverse psychophysiological and performance conse-
quences (BOUCSEIN 2007, SHNEIDERMAN & PLAISANT 2005). In addition,
SRTs of 8 seconds and more may have a similar uncertainty-eliciting effect as
variable SRTs (SCHAEFER 1990), thus inducing stress and feelings of anxiety, in
particular with respect to the possibility of the occurrence of HCI breakdowns
(BOUCSEIN et al. 1984).

Improving computer speed is not always a proper solution to prevent adverse
effects of SRT; it may even have contrary effects (see Table 42.1). As a conse-
quence of improving the page load speed from 8 to 2-5 seconds, long SRTs
brought about reduced levels of trust and caused a lot of traffic as users sought
alternatives (NIELSEN, 2000). This may not only lead to a decrease in user dissat-
isfaction but also to considerable losses in e-commerce sales, since Web users
may simply give up trying to buy an item if they feel messed about by long and/or
unpredictable SRTs.

Since making computer systems and networks faster will provide no general so-
lution for the nagging problem of SRTs, software engineers should focus on how
to mitigate their adverse effects. Based on our research as summarized in Sect. 2,
the following measures could be considered:

e Fostering multi-tasking during which the user may be encouraged to behave
like a time-sharing system (SCHAEFER et al. 2000), combined with

e providing indicators for elapsed time instead of imprecise estimated time un-
til task completion (KUHMANN & SCHAEFER 2007).

Such a venture can not be successfully performed without empirical studies
which include psychophysiological measures (BOUCSEIN et al. 1998). Otherwise,
stress-inducing properties of interfaces for HCI may be left undetected, making
the whole designing process unfeasible.
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