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ABSTRACT

In this paper we present the results of a pilot study
investigating the impact of stress and cognitive load on the
perceived interaction quality of a multimodal dialogue
system for crisis management. Four test subjects interacted
with the system in four differently configured trials aiming
to induce low/high levels of stress and cognitive load.
Physiological sensors and subjective ratings were collected
to measure the level of stress and cognitive load. After each
trial the subjects filled in an evaluation questionnaire
regarding the system interaction quality. In the end we
conducted an in-depth interview with each subject. The
trials were recorded with a webcam to facilitate the
behaviour analysis. Results showed that both factors had an
influence on the way subjects perceived the interaction
quality, whereas the cognitive load seems to have a higher
impact. Further quantitative experiments are needed in
order to validate the results and quantify the weight of each
factor.

Author Keywords
Multimodal ~ conversational
evaluations, behavior analysis.

interactions,  qualitative

ACM Classification Keywords

H.5.1 Multimedia information systems: Animations, Audio
input/output,  Evaluation/methodology, =~ H.5.2  User
Interfaces:  Evaluation/methodology, = Graphical — user
interfaces, Natural language, Voice I/O.

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. For any other use,
please contact the Measuring Behavior secretariat:
info@measuringbehavior.org.

INTRODUCTION

The quality assessment of interactive systems is a complex
construct of interdependent factors relying on system
design and performance, and user perception. Among these
factors are the cognitive load and stress experienced by
users during the interaction [1].

In the literature these two factors are often summarized and
measured together under the global concept of ‘cognitive
demand’. There are surely no doubts that these two factors
are related but their relationship is not exclusive: stress can
be caused not only by a highly loaded cognitive task but
also by frequent input recognition mistakes or poor sound
quality [2], whereas a highly loaded cognitive task would
be perceived as stressful only in situations considered as
exceeding available resources. [3]. Therefore, our long term
research goals are to investigate whether stress and
cognitive load can be successfully manipulated and
measured separately. Also, we are interested in the impact
these two factors might have on the perceived interaction
quality of a multimodal dialogue system.

Figure 1. System screen shot.
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METHODS

Since crises represent situations in which people experience
high levels of stress and cognitive load they offer perfect
test environments for our experiment. Accordingly, we
developed a small prototype of a multimodal dialogue
system for crisis management. The system has attached an
embodied conversational agent representing the crisis
manager (see figure 1). The crisis manager provides
information about a crisis event, such as event description,
geographical maps, available rescue resources and
estimated number of victims. Users can interact with the
system using speech or mouse clicks and receive
information in the form of text, speech, images or videos.

Experiment Design

The experiments were configured in four trials. Each trial
combined several parameters in order to achieve low/high
stress (S) and cognitive load (CL) (see table 1).

Trial no. Factor combination
1 low CL /low S

2 low CL / high S

3 high CL / high S

4 high CL /low S

Table 1. Combinations of cognitive load and stress levels per
trial.

To manipulate the stress factor we used six parameters,
such as background noise, speech speed, speech length,
time limitation, simulated recognition mistakes and
dramatic event description. For the cognitive load
manipulation we varied task complexity and presentation
format. A detailed description of the trials configuration can
be found in [8]. A compulsory break of a minimum of five
minutes was placed between the trials to lower the stress
level.

Participants

Four male test subjects, aged between 24 and 30,
participated in the experiment. All of them had a technical
background, but vague or no idea about crisis management.
Also, they were not particularly familiar with the use of
multimodal dialogue systems; only one subject had spoken
to a computer before. Due to the fact that our pilot study
was performed with a small number of participants we
decided to perform the trials in the same order for all four
subjects (see table 1). However, in future we plan to
counterbalance the trial order among participants to avoid
learning effects or other biases that might arise by being
exposed to a certain factor combination before the others.

Measurements

To collect measurements we used physiological sensors,
questionnaires, a two-session in-depth qualitative interview
and behavior analysis.

¢ Physiological sensors. We used the heart rate variability
(HRV) [4, 5] as an indicator for the cognitive load and
the galvanic skin response (GSR) [6, 7], as a
measurement of the stress.

e Questionnaires. The NASA (TLX) questionnaire was
used to control the results collected from the
physiological sensors. TLX contains six workload-related
factors: mental, physical and temporal demands, own
performance, effort and frustration. Statements
concerning subjects’ concentration and degree of
tiredness, ease of the system use, overall system quality
and degree of understanding between subjects and the
system were added to the TXL questionnaire. The factors
were rated on a 20-point scale. The questionnaires were
filled in after each trial.

e In-depth interview. Each test subject was interviewed
based on a qualitative open questionnaire. The interviews
were recorded on tape and manually transcribed. The
interview aimed to explore relationships between the
induced level of stress and cognitive load, and the overall
interaction quality. The interview was performed in two
sessions: before and after the experiment. In the first
session subjects were interviewed about their
expectations and background knowledge concerning the
experiment topic (crisis management) and the use of
multimodal conversational interfaces. In the second
session subjects were asked about expectation fulfilling,
problems encountered during the interaction, system
comprehensibility and transparency, content
informativeness, information presentation and interaction
easiness. In the end the subjects could make additional
comments if they had any.

e Behavior analysis. From the log files and videos analysis
we extracted various parameters concerning response
competition time, reaction time, number and type of
errors, total number of words, verbal hesitations, breaks
and mispronunciations. The videos also facilitated the
qualitative analysis of several other behavioral cues, such
as speaking style (polite, rude, key-words vs. sentences)
verbal and non-verbal reactions to system errors or
increased task difficulties, gestures and gaze.

RESULTS AND DISCUSSION
Our results showed that our manipulation was successful
for the cognitive demand, and only partly for the stress.

Also, both stress and cognitive load were better indicated
by subjective rating than by physiological measurements
(for more details see [8]).

In the first trial the planned manipulation was altered by a
“first impression” effect, the trial achieving a much higher
level of stress than expectedl. Thus, the effect intended for
trial 1 (low CL/low S) was instead achieved in trial 2.

! In the future we plan to add a “base-line” trial at the experiment’s begin
in order to avoid getting unplanned manipulations.
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Accordingly, three out of four subjects ranked the
interaction quality with the system for trial 2 as being the
best. Trial 3 had the highest level of stress and cognitive
load as perceived by subjects. However, only one subject
rated the interaction quality in this trial as being the lowest;
the other subjects chose instead trial 4 (high CL/low S) as
having the lowest system interaction quality. This finding
might lead to the conclusion that the cognitive load could
have a bigger impact on the perceived interaction quality
compared with the stress. Nevertheless, repeated
measurements with a higher number of subjects are needed
to confirm this assumption.

Further, the interview showed that subjects considered the
system as presenting relevant and informative content in a
clear and systematical way, a fact that decreased the
cognitive load, according to one subject. They did not
encounter communication problems, except for one subject
and were pleasantly surprised to know how to handle the
system right from the beginning. The interaction with the
system was in general perceived as being easy and 3
subjects enjoyed it. However, the system was criticized as
lacking basic functionalities (such as zooming in the crisis
maps or help options) and being not transparent and not
flexible enough: during the third trial most subjects were
unsure how to answer the system’s questions and were not
allowed to return to previous conversation stages to ask for
clarifications. Another negative point was the synthesized
voice of the agent reminding the subjects unpleasantly that
they were talking with a machine.

Analyzing the subjects’ behavior we observed that they
acted congruently to the golden rule “treat others as you
want to be treated”; for example, one subject who expressed
the wish to be treated politely used polite markers, such as
“thank you” and “please” during the entire interaction (even
in stress loaded trials); another subject wishing the system
to present only facts and no other redundant information
used only keywords or extremely short sentences. In
general, subjects displayed a very different behavior in
terms of performance and reactions to stress: some
expressed their frustration using loud verbal expressions or
showing a constant “joke” attitude; others became impatient
and started clicking the mouse button to “increase” the
interaction speed; some remained apparently calm, showing
their response to stress only through frowning.
Interestingly, most of the speech disfluencies, breaks and
errors were made in the low stress condition and mostly by
two of the subjects. These two subjects had in general a
poor performance completing the trials and gave lower
quality rankings, as compared with the other two subjects.
The verbal response time values were very different among
the subjects, but showed a common trend: they were lower
in high stress conditions and higher in high cognitive load
circumstances.
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CONCLUSIONS

We performed a pilot study on the way users perceive the
quality of the interaction with a multimodal dialog system
for crisis management while being exposed to stress and
cognitive load variations. Our manipulation was successful
for the cognitive demand, and only partly for the stress. We
encountered difficulties in achieving accurate stress
manipulations, as stress appears to be a highly complex
phenomenon to which humans respond very differently. For
our experiment we used physiological sensors,
questionnaires, qualitative interviews and behavioral
analyses. Since objective measurements methods, (i.e.
physiological sensors) could not provide meaningful results
additional quantitative investigations are required to
determine whether stress can be measured apart from
cognitive load. Also, further analyses are needed to validate
and weight the factors’ impact on the interaction quality
assessment.
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