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Abstract

Research in affective computing is now offering the design of closed-
loop systems that offer real-time assessment and manipulation of the
users’ affective state and cognitive response by developing adaptive en-
vironments that respond based on a rational and strategic scheme for
real-time changes in both affective and cognitive incentives. The main
aim is to lead the users to sub-optimal cognitive and affective states
based on an optimal state that augments user performance. This pa-
per expurgates the optimal arousal and classification of users’ affective
state through a virtual scene in time by creating a module that utilises a
touch screen for reading the emotional response of the users based on the
moisture content in reaction to virtual stimuli. A closed-loop analytic
tool was designed for analysis and reads the physiological response (Skin
conductance response (SCR), Skin temperature (ST)) and its correlates
to user activity. The optimal and tonic phase of the Electro-dermal ac-
tivity (EDA) (SCR) can be detected by activating the command buttons
holding the modules and input parameters. Error in EDA on optimal
parameter predictions was computed and discussed in the result section.
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1 Introduction

The current trend in research based on affective com-
puting is now moving towards designing closed-loop sys-
tems that are capable of offering a real-time assessment
of users’ affective state and cognitive response by design-
ing adaptive environments that are capable of respond-
ing in both rational and strategic fashion to real-time
changes in affect state of users’ motivation and cogni-
tion. The main aim of this area of research is to advance
the user from sub-optional cognitive and affective states
to a more optimal state that enhances user performance.
In other to achieve this, there is a vast need for assess-
ment of the optimal affective and cognitive state and also
the observed state of the user.

Research has investigated assessing these states (Op-
timal Arousal and Cognition) by focusing on their close
relation to user cognitive performance. The methods in
the research make use of the virtual reality Stroop task
(VRST) from the virtual reality cognitive performance
assessment (VRCPAT) to identify the optimal arousal
level that can serve as the cognitive state goal. Three
different types of stimuli were presented, both with dis-
tinct arousal levels in the VRST. When the reaction time
is used as a performance measure, the three stimuli pre-
sentations elicit the optimal arousal for most of the sub-
jects and the results show high classification rates that
are achieved when a support vector machine is applied as
a classification metric for a psychophysiological response.
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The research also reflects advanced progress toward
the implementation of closed-loop affective computing
systems. One of the novel methods presented in this
paper is using the touch screen as a metric that reads in
and records the physiological response of users from elec-
trostatic field contact with moisture content cursed by
electrical changes of the skin, especially from the finger-
tips. The proceeding section talks about research areas
that deal with touch screen mechanisms for user com-
puter interface design.

2 Literature Review

One of the ultimate goals of furthering research interest
in the human-machine interface is to give touch devices
the ability to provide users with a feeling of richer touch-
based experience and also as a base to read the emotional
response from the skin. This can also provide the tech-
nology with the ability to mimic the feeling of physical
objects of stimuli presentation. Hipwell [11, 22, 28, 17,
26, 24, 9, 14, 1] in her work shared examples of potential
implementations ranging from a more immersive virtual
reality platform to a subtle display interface like those
in a motor vehicle dashboard and a virtual e-commerce
experience that would let users feel the texture of mate-
rials before purchasing and also evaluators can also vi-
sualise their emotional response and cognitive state to
the products they purchase [13, 15, 25, 29, 19]. One can
record users’ cognitive state and also observe the user’s
response by feeling textures, buttons, sliders, and knobs
on the touch screen [12].

This process can be used for interactive touchscreen-
based displays for a comfortable user experience. The
touch screen in its essence is more for the benefit of the
user than the interface [12, 31, 3, 21, 8, 5]. With the
emergence and refinement of increasingly sophisticated
haptic technology, the relationship between the user and
the touch device can grow to be more reciprocal. The ad-
dition of touch as a sensory input can ultimately enable
physiological measuring attributes of the user and also
enrich virtual environments and lighten the burden of
communication and cognitive response elicitations from
users [16, 32, 6]. The electro-wetting effects (i.e. the
forces that result from an applied electric field), elec-
trostatic effects, changes in properties of the finger and
material property, and surface geometry can enable re-
sponse reading and changes in the skin surface of the user
(Figure 1). Current research is now studying changes in
properties, fluid motion, and charge transport in the in-
terface to understand how the touch screen device can be
designed to be more reliable with higher performance.

The main goal is to create predictive models that en-
able designers to create devices with the maximum hap-
tic effect to minimize sensitivity to the user [30, 27] and
other environmental factors, early elements implementa-
tion for touch screen technology and its application will

be common over the next future with new improvements
and advancement. The method applied in this paper is
to use the touch screen as a metric for physiological re-
sponse (SCR and ST) and the webcam for an Andriod
camera lens as the metric for measuring eye movement
behaviour and pupil dilation [10, 20, 7, 4, 18, 23, 2]. The
proceeding sections discussed these procedures.

3 Method

The significant addition of touch as a sensory input can
ultimately enable physiological measuring attributes of
the user and also enrich virtual environments and lighten
the burden of communication and cognitive response elic-
itations from users. The electro-wetting effects (i.e. the
forces that result from an applied electric field), elec-
trostatic effects, changes in properties of the finger and
material property, and surface geometry can enable re-
sponse reading and changes in the skin surface of the
user (Figure 1). The method adopted in this paper is
to use the touch screen as a metric for physiological re-
sponse (SCR and ST) and the webcam of an Andriod
camera lens as the metric for measuring eye movement
behaviour and pupil dilation, while they interact with
the virtual stimuli environment. The contact with the
touch screen reads in the cognitive response of the user
while the embedded analytic tool is used to synchronise
and visualise response correlates. Six participants were
recruited to test the reliability and response detection
using the analytical tool.

The task is for the user to interact with the virtual
interface presented to them (Figure 2) by placing a real-
time image in a virtual setting in a systematic order.
The touch sensor reads in their physiological response to
the interface and cognitive response to the user experi-
ence. The virtual fields are predefined stimulus responses
created from MATLAB that enable environmental disin-
section as a form of health measure. The cognitive re-
sponse and optimal response arousal are recorded. The
analytical tool is to visualise and detect physiological re-
lationships between the user and the virtual interface.
The phasic and tonic changes are detected based on the
stimulus setup and baseline estimate.

The users’ eyes are calibrated to the virtual screen
and it is used to record changes in pupil size in a contin-
uous time interval, the cognitive response is monitored
when the user experiences certain difficulties while plac-
ing the visual image in the virtual environment. In this
process, both task and user physiological responses can
be in synchronous representation of the entire user activ-
ity. The EDA is the process that which the skin becomes
a better conductor of electricity when internal stimuli
occur that are physiologically arousing. Arousal is the
overall activation and is considered to be one of the di-
mensions of emotional and cognitive response. The opti-
mal arousal point is a strong predictor of attention and

Advancement in Human Computer Interaction and Human Physiological Response Modelling, July 2024



3

Figure 1: System architecture for touch screen mechanism that reads in user response and input and captured by
the micro controller for response interpretation and image processing.

Figure 2: User interaction with the touch screen in a virtual environment.

memory. Sometimes the response can take seconds to
arise because it is based on unconscious thought. The
baseline is the galvactivator that sets the response to a
sensitivity that gives internally generated imagery (Fig-
ure 3). The task presented includes events of intense
nature and concentration, the arousal level tends to shut
up when the response is at its optimal point of inter-
est. The proceeding sections discussed some significant
results obtained from this study.

4 Result

Figure 3 shows a captured physiological response of a
participant in response to the virtual interactive scene.
The mental workload induced by the virtual scene as
elicited, the SCR is seen to shoot up through a cer-
tain time interval between the latency and stimulus on-
set. The baseline is used to determine the phasic and
tonic changes in the SCR. The reactions gradually de-
cline when a certain problem is solved because the in-
tensity and expectancy are seen to be at the minimal re-
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Figure 3: Physiological responses in synchronous order to each other from a participant’s session.

sponse. The intensity of task completion is significantly
high, and the body naturally overheats for a subtle re-
sponse. There is a lot of little perspiration in the overall
skin conductance (tonic level) which will climb at this
stage. The baseline can be reset at this stage and the
Skin temperature can be measured at that time interval.

4.1 Pupil response measure

The pupil response is based on the changes in dilation
and constriction of the pupil in response to the amount
of cognitive workload, if this is in synchronous to SCR
which can easily be detected as optimal arousal at the
baseline level. Figure 4 shows the window interface of
the analytical tool used to analyse and detect both opti-
mal arousal point that correlates to both the tonic and
phasic response. The control buttons can be used to
view and detect these points and be able to differenti-
ate between these two input parameters. The optimal
arousal point detected from the fingerprint at the touch-
point can be visualised at the bottom axes of the EDA
panel. This also sets the baseline for the other physio-
logical response attributes. The interface shows an input
image of a fingerprint from which the physiological read-
ings are recorded. The model is set in such a way that
baseline and offset can be reactivated if no response is
detected i.e. the experiment can be started at a differ-
ent level depending on the availability of the participant
and virtual environment. For the detected response time
interval, the error is calculated to determine the forecast-
ing of the next response reading from the signal. Figure
5 indicates a plot with aggregate response detected by
the analytical tool.

The response detection rate for EDA versa-vis the
ST is indicated in Figure 5, this is classified based on the
phasic and tonic response for each time interval, most of
the records and sessions used a minimal time interval of
60 seconds, to enable faster simulation speed and predict
significant optimal arousal at the shortest period as much
as possible. The figure represents error detection in the
choice of measurement frequency by the placement of

Figure 4: Window interface for the physiological response
analyses from fingertips and skin surface.

fingers on the electrostatic field of the touch screen used.
These factors are not ignored because they may result in
erroneous measurements with artifacts that contain little
or no physiological response. The error detected between
the SCR and ST has a low margin at latency in the tonic
and phasic classification. This margin is also below the
estimated rate of 0.01% and indicates the reliability of
the system.
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Figure 5: Error in measurement for both SCR and ST at the tonic and phasic classification.

5 Conclusion

The paper attempts to investigate the censoring of op-
timal arousal and classification of the affected state of
users to virtual scène in real-time, the paper detects the
optimal arousal and classification of users’ affective state
through a virtual scene in time by creating a module that
utilises touch screen for reading the emotional response of
the users based on the moisture content in reaction to vir-
tual stimuli. The response input parameters are classified
as phasic and tonic levels depending on the physiological
response. A closed-loop analytic tool was designed for
analysis and reads the physiological response (Skin con-
ductance response (SCR), Skin temperature (ST)) and
its correlates to user activity. The optimal and tonic
phase of the Electro-dermal activity (EDA) (SCR) can
be detected by activating the command buttons that hold
the modules and input parameters. Error in EDA on op-
timal parameter predictions was computed and discussed
in the result section. The future perspective is to try and
analyse the optimal response at a different time interval
with the virtual scene created as stimuli.
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