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Abstract

Human-computer interaction (HCI) exploits various input methods to improve user expe-
rience, but those without visual access suffer more than the mainstream. In this context,
this paper proposes a novel Gesture-based Human-Computer Interaction (GCI) system
for visually impaired people (VIP). However, a large set of gestures introduces complexity,
which poses challenges for VIP to interact with computers. Therefore, an accessible assistive
application with a minimal set of gestures is designed here. Nineteen (19) participants
engaged, and several dimensions were evaluated, including skin conductance, NASA-TLX,
and performance indicators. The gesture response time revealed that the proposed GCI
technique is 39% faster than the existing technique. In addition, the skin conductance
revealed a modest reduction, which means GCI caused a more relaxed reaction than the
existing technique. GCI demonstrated significant statistical advantages in gesture response
time, skin conductance, and forgot word count, while other measures showed comparable
performance between the two techniques. GCI provides a more efficient and cognitively
favorable interaction experience which opens a new era in the design and development of
assistive technologies for VIP.

Keywords: human-computer interaction; HCI; gesture-based human-computer interaction;
GCI; visually impaired people; cognitive load; galvanic skin response

1. Introduction

Human-computer interaction (HCI) is an interdisciplinary field dedicated to the
design, evaluation, and implementation of interactive computing systems intended for
human use [1]. In addition, it involves designing interfaces that can be used by people
with visual, auditory, motor, or cognitive limitations [2]. However, those who cannot
access visual interfaces suffer more than others [3]. Therefore, interfaces that cannot be
accessed by visually impaired people (VIP) must be made accessible. Some software and
applications have not been designed with accessibility features for blind candidates [4].
Currently, HCI explores different ways for users to interact with computers, including
traditional input methods such as keyboards and mice, as well as newer techniques such
as touchscreens [5], voice commands, gesture, and virtual reality [6]. Hand gestures are
a form of non-verbal communication that involves the movement or positioning of the
hands to convey meaning, express emotions, or interact with the environment [7]. In the
context of HCI, hand gestures have gained importance in interactions with computers
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and other devices [8]. Surprisingly, very few studies have considered VIP as users of
hand gesture-based technologies [7,9,10]. Moreover, understanding how humans perceive
and process information helps design interfaces that align with human capabilities and
limitations [11]. In this context, cognitive load (CL) is an essential parameter because it
directly impacts the effectiveness and efficiency of HCI [12].

CL refers to the total amount of mental resources required to perform and process
any task or piece of information [13]. CL should be considered while working with
a new technology or a new HCI for a particular group of users [14]. An individual’s
cognitive system represents a multidimensional construct of CL involved in the execution
of tasks [15]. The amount of CL applied affects one’s mental state, and if the load reaches
a certain threshold [16], learning can suffer significantly. Therefore, maintaining an ideal
amount of CL is necessary to increase productivity [17]. It is widely recognised that no
single measure can adequately estimate CL on its own [18,19], as each has its advantages
and limitations. In contrast, while HCI performance metrics are less invasive, they are not
as effective in identifying low CL levels [20]. However, physiological measures, such as the
galvanic skin response (GSR), offer the ability to continuously assess CL.

At present, hand gestures are used in different applications for VIP, including gaming,
entertainment [21], and computer interactions [22]. Researchers have used different types
of hand gestures for computer interaction [22,23]. It has been observed that as the number
of gestures increases, the difficulty of retrieving them also increases [24]. Hence, a large
variation in the pose of the hand gesture creates complexity for the user when interacting
with computers [7]. Therefore, there is a need to develop simple and productive hand
gestures capable of producing all essential symbols for VIP to interact with the computer.
In this direction, a study of the performance evaluation of the existing method and the
proposed gesture-based human-computer interaction (GCI) technique has been done from
the CL perspective. To the best of our knowledge, none of the studies has performed a
CL-based performance evaluation between the proposed GCI input technique and the
existing Dactylology for VIP. The salient features of the proposed method are as follows:

e  This work introduces a minimal gesture framework that aims to reduce cognitive load
(CL) through a hand gesture-based interaction system for VIP.

* Identification of the relationship between physiological parameters, performance
parameters, and subjective measurement is performed with all CL levels.

*  The impact of hand gesture-based computer interaction on VIP’s cognitive states is
analysed, and the significance of the proposed mechanism is established.

*  The superiority of the suggested method over traditional approaches highlights its
importance in crafting HClIs for VIP.

The sections are organised as follows. Section 2 offers an in-depth overview of the
pertinent literature regarding the evaluation of the CL of VIP and the current hand gesture
methods. Section 4 outlines the proposed methodology. Section 4 presents a detailed
examination of the results and discussion. Finally, Section 5 concludes the study with
directions for future research.

2. Related Works

Recent studies have combined the hand gesture and cognitive load (CL) to enhance
human-computer interaction for visually impaired people (VIP). Rodrigues et al. inves-
tigated the challenges faced by VIP in their daily use of mobile phones [25]. In [26],
knowledge-based techniques were used for customisation, taking into account user abilities
and preferences. In addition, Mellissa [27] and William et al. [28] stated that VIP use more
gestures in daily interactions. Meenakshi [23] explored a hand gesture-based application
area for VIP with 18 gestures. Furthermore, Saransh et al. [29] identified a framework based
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on facial and hand gestures to act as virtual assistants for VIP. Avni et al. [9] confirmed that
gestures can lighten CL if the relationship between the use of hand gestures is semantically
related. Samer et al. [10] explored the use of hand gestures for VIP in the object detection
field using six different hand gestures. In essence, none of the studies focus on a dedicated
framework for VIP with alternate access to computer input. Gourav et al. [14] presented a
full-fledged alphabet and number input method for VIP using hand gestures. However,
because of the large set of different hand gestures, there is a need for further investigation
into real-time applications. Together, these findings suggest that it is necessary to develop
a simple and effective hand gesture set for VIP compared to existing methods.

Furthermore, physiological measurements have been observed to have been used for
real-time CL assessment of VIP. Kalimeri et al. [30] explored a charted route designed to
incorporate many mobility challenges facing VIP. Saitis et al. [31] designed a multimodal
framework for CL assessment. This model is used to design the technological aids for VIP
in an indoor environment. However, some authors have discussed the impact of CL in the
design of assistive technologies [32]. Saitis et al. [33] identified indoor and outdoor activities
to assess CL under various CL conditions (low, medium, and high). Saitis et al. [34] de-
signed mobility aids for VIP while navigating unknown indoor and outdoor environments.
Afroz et al. [35] used the data taken by previous authors in [31] to improve the precision
of CL assessment for different environmental factors. Pigeon et al. [36] investigated the
cognitive load (CL) associated with walking in visually impaired individuals using gait
analysis and subjective evaluations. Subjective cognitive workload is commonly assessed
using the NASA Task Load Index (NASA-TLX), a widely adopted questionnaire that mea-
sures perceived workload. Modanwal et al. [14] discussed computer interaction for VIPs
using a hand gesture-based technique, Dactylology. Dactylology- enables computer inter-
action through predefined hand and finger configurations representing specific commands.
Opverall, the review of the literature on GSR and VIP highlights a significant research gap in
using GSR to detect cognitive load during VIP interactions with computers. However, it is
important to note that, while these studies align with our interest in hand gesture-controlled
applications, their task paradigms focused predominantly on navigational tasks, differing
from our approach. Consequently, our results may diverge or exhibit less relevance than
their findings.

3. Proposed Methodology

To address the constraints of the current mechanism, a portable leap motion device [37]
was introduced to perform gestures (refer to Table 1). The setup incorporated a leap
motion device to record the symbols displayed within its range. The captured symbols
are then processed by a dedicated unit, enabling the recognition and interpretation of user
commands. In our previous work [21], we conducted a user satisfaction study to develop
and evaluate hand-gesture-based accessible games for VIPs. The study demonstrated
that hand-gesture-based interaction provided an intuitive, interactive, and easy-to-use
experience, achieving a System Usability Scale (SUS) score of 91. Motivated by these
findings, we adopted and extended the validated hand gestures from the previous study to
develop the proposed GCI for text input. Furthermore, the gesture set was intentionally
designed to remain small, simple, and easy to perform, as a large number of gestures can
increase learning effort, memory demands, and cognitive load [12]. By reusing a limited
set of distinct gestures across multiple input operations, the proposed design minimizes
memorization requirements while enabling efficient interaction. An experiment with a
keyboard application was conducted under three cognitive load conditions in a within-
subject framework: (1) low, (2) medium, and (3) high-load tasks (refer to Table 2). Each
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condition was executed through a distinct access application, with the sequence of the three
rounds varied among the participants.

Table 1. Proposed Hand Gestures with meaning.

Front Side of Left Hand Front Side of Right Hand

S YTTATRLLL,

Set One (Left Hand)

Set Two (Left Hand) A B C D E F G H I J
Set Three (Right Hand)
Set Four (Right Hand) U \% W X Y 4 - - - -

¢ e &

Table 2. Task Description.

Sr. No. Load Conditions Task Descriptions

1 Low Load Randomly generated alphabet (A-Z) or Numbers (0-9)
2 Medium Load = Randomly generated 3 letter words or numbers (e.g., CAR, 431)
3 High Load Randomly generated 6 letter words or numbers (e.g., FASTED, 564390)

3.1. Experiment Setup

The experimental setup configuration is shown in Figure 1 designed in such a way
that a tabletop setup incorporates a Leap device close to the user and a computer. The post-
experiment evaluation was performed by the domain experts by utilising the responses.
In addition, the Shimmer GSR solid gel foam electrode sensor, commonly employed in
prior studies, collected data at 256 Hz. Two GSR sensors were attached to the uncovered
left foot, one positioned centrally and the other close to the heel [38].
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Leap Motion
GSRrRecording

Participant GSR expert

Figure 1. Experimental test bench (Setup).

3.2. Participants

We called 19 participants (visually impaired (5), blind folded (14)) for the experiment,
with 7 female and 12 male participants. The participants voluntarily came from the Institute
and the necessary permission and consent were obtained for the legalities. Among the
19 participants, 17 were right-handed and 2 left-handed, but none of them had prior
knowledge of the existing and proposed hand gesture methods. They have a basic under-
standing of keyboard access while interacting with the computers. We intentionally selected
this early learning participant to avoid the prejudice effect. All participants underwent
a training session using the proposed hand gestures and the existing hand gesture tech-
niques. The average age of the 19 participants was 22 years (standard deviation (SD) = 3.31),
with 12 males (average age = 22, SD = 3.47) and seven females (average age = 21, SD =2.91).
All participants successfully completed this experiment. Our sample size of participants
exceeded the number compared to the majority of other similar studies that identified
the impacts of external cognitive task load on VIP performance, subjective measurement,
and physiology (e.g., [39,40]).

3.3. Experiment Procedure

The eligibility of the participants was confirmed and consent was obtained upon
arrival. To finalise the inclusion process, we administered a verbal survey to verify that
the participants were not taking any medication. Initially, the participants completed a
training session with a brief overview of the location and hand gestures used to complete
the experiment. The participants practiced different hand gestures and the location of
the device to create gestures in time and experience prior to the experiment (shown in
Figure 2). Subsequently, physiological sensors were attached to the participants, and the
experiment lasted up to 2 min to identify the maximum rest point of the participants. This
was done to obtain a baseline for the GSR signals of the participants in a non-experimental
context. After receiving the rest point, the participants were notified by voice instructions
about starting the experiment (the methods were randomly selected). In addition, in each
session, participants were given a group of three (1-length, 3-length, and 6-length) words.
The participants waited 2 min to complete each task load session. The procedure was
similarly applied to the other hand gesture techniques. Participants were advised to
remain relaxed throughout the experiment and perform the task with maximum speed and
precision. The design of tasks in relation to various CL conditions influences the accuracy
and speed of the users. Ultimately, upon completion of the experiment, the participants
completed the NASA-TLX questionnaire [41].
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Figure 2. Flowchart of experimental procedure.

4. Results and Discussion

Among all, physiological measurement, GSR differentiates the different task loads
and identifies the difference between Dactylology and the proposed gesture-based human-
computer interaction (GCI) technique. Performance was measured using four parameters:
response time, gesture response time, false responses, and forgotten word count. Response
time refers to the total duration (in seconds) from the beginning of the task in each cognitive
load scenario until the hands were correctly positioned according to the task requirements
for both methods. The Gesture response time was determined as each hand pose creation
time (in seconds) with respect to each letter as per the tasks. Incorrect answers were ad-
dressed by counting the frequency of the participants” mistakes. During task execution,
participants pose the wrong hand gesture counted as mistake for the alphabet presented in
the respective task. Finally, yet importantly, forgot word count settled as the number of
times the participants forgot the respective word in medium and high load tasks. In addi-
tion, the subjective results were measured using the NASA-TLX score to assess the effects
of both GCI and Dactylology technique. To calculate the overall NASA-TLX score, we
followed the method mentioned in [42].

Figure 3a—p shows the minimum, first quartile, median, third quartile, and maximum
values, with circles indicating individual data points and mean values shown as hollow dia-
monds. The distribution of skin conductance showed very little difference between the two
techniques shown in Figure 3a. Subsequently, medium- and high-level skin conductance
data are presented in Figure 3b,c also have minor differences in comparison of both tech-
niques. The mean measured skin conductance data clearly states that skin conductance has
a marginal difference between both techniques under all task load conditions. At low loads
response time has a marginal difference, but the gesture response time has a significant
difference in both techniques shown in Figure 3e,h. Under low load conditions, the gesture
response time of GCI outperformed Dactylology by a significant margin. Subsequently,
medium- and high-level gesture response time data are presented in Figure 3f,g,i,j, which
also show significant differences in the comparison of both techniques. The mean shows
that gesture response time has a significant difference between both techniques, rather
than response time in all task load conditions shown in Figure 3e—j. Atlow loads, the dis-
tribution of false responses and forgot word counts has a marginal difference and very
little difference between the two techniques shown in Figure 3k,n. Subsequently, medium
and high-level false response and forgot word count data are presented in Figure 31,m,o,p
shows the significant difference between the two techniques.
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Figure 3. Unified comparison of all measured parameters across low, medium, and high cognitive load
conditions using GCI and Dactylology techniques. (a—c) Skin Conductance (GSR); (d) NASA-TLX
subjective workload; (e-g) Response Time; (h—j) Gesture Response Time; (k—m) False Responses;

(n—p) Forgot Word Count. Each box plot represents results for 19 participants, showing minimum,

first quartile, median, third quartile, and maximum values, with mean values indicated by hollow

diamonds and individual data shown as circles.

In addition to this, the mean false responses and forgot word count data clearly state

that false responses and forgot word counts have a significant difference between both
techniques under high load task shown in Figure 3k—p. The distribution of the NASA-
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TLX score was similar for both techniques. The mean NASA-TLX scores (represented by
a hollow diamond) showed very little marginal difference between the two techniques
shown in Figure 3d. Along with, we analysed the analysis of variance (ANOVA) test to
determine if there were significant differences between 2 input techniques and 3 levels of
task load (shown in Table 3).

Table 3. Summary of ANOVA results for different dependent variables across techniques and
cognitive load conditions.

Low (GCI/Dactylology) Medium (GCI/Dactylology) High (GCI/Dactylology)
Measure Overall GCI-Dactylology (M/SD)
SD M SD M SD
(A) Skin Conductance (GSR)
Techniques 6.65/2.65-7.00/2.79 - - - - - -
Faas) 11.42**
Cognitive Load - 6.73 2.77 6.85 2.75 6.89 2.69
Fl1.4025.2) 0.97
Techniques x Load - 6.52/6.94 2.74/2.85 6.63/7.07 2.66/2.89 6.79/7.00 2.68/2.78
Fa7631.73) 0.80
(B) Response Time
Techniques 116.31/84.54-107.48/79.26 - - - - - -
Faag) 1.51
Cognitive Load - 44.38 1591 89.80 31.68 201.50 75.50
Fl1.162089) 132.08 **
Techniques x Load - 45.69/43.06  14.96/17.12  92.52/87.09 27.35/36.04 210.71/192.28  77.42/74.45
F, 0.54
(1.1,19.8)

(C) Gesture Response Time

Techniques 7.06/2.60-11.57/5.02 - - - - - -
Fuas) 44.56 **

Cognitive Load - 11.43 5.36 7.71 3.60 8.80 3.85
F(1,61,29.06) 21.66 **

Techniques x Load - 8.51/14.35 2.91/5.70 5.75/9.67 1.58/4.00 6.91/10.68 2.45/4.13
F13324.10) 248

(D) False Responses

Techniques 1.33/2.65-1.07/2.23 - - - - - -
Faas) 141

Cognitive Load - 0.18 0.60 0.73 1.40 2.68 3.51
F(1.0819.45) 1242

Techniques x Load - 0.10/0.26 0.31/0.80 0.94/0.52 1.47/1.34 2.15/3.21 3.32/3.72
F12923.3) 2.55

(E) Forgot Word Count

Techniques 0.43/0.89 - 0.89/2.04 - - - - - -
Faas) 531

Cognitive Load - 0.00 0.00 0.26 0.64 1.73 2.46
F1.05,1893) 12.56 **

Techniques x Load - 0.00/0.00 0.00/0.00 0.36/0.15 0.76/0.50 0.94/2.52 1.64/291
F1262074) 9.13**

(F) NASA-TLX Score

Techniques
F1,18)

55.33/20.20-57.14/20.64 - - - - - -
0.54

** Significant at 0.005 level.

The assumptions necessary for conducting a repeated measures ANOVA were evalu-
ated. The z scores calculated for the GSR (skin conductance), NASA-TLX, response time
and the gesture response time data under various conditions fell within the acceptable
threshold of £3, indicating that there were no notable outliers. For certain conditions,
the standardisation values (z-scores) calculated for false responses and forgotten word
counts were within the permissible range, although some outliers were detected. According
to the results of the Shapiro-Wilk test, the residuals of skin conductance measured during
different levels of cognitive tasks across all gesture techniques for each subject conformed
to a normal distribution, indicated by p > 0.05 in the S-W statistic. The response time
and gesture response times, were approximately normally distributed for most conditions.
Additionally, skewness and kurtosis according to the Fisher coefficient were within the
acceptable bounds of £1.96 [43]. The distribution of residuals for false responses and
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forgotten word counts was not normal in nearly all conditions. Furthermore, the Fisher
coefficients for skewness and kurtosis fell due to variations in task level and individual user
performance that affected false responses and forgot word counts. However, ANOVA, in-
cluding its repeated measures variant, is notably resilient to normality assumption breaches,
allowing for some degree of violation while still yielding valid results [44], even with small
sample sizes (n = 3) [45].

Homoscedasticity was additionally assessed with Mauchly’s test of sphericity. In re-
peated measures designs, Mauchly’s test for sphericity serves a role similar to Lev-
ene’s test for variance homogeneity. The results of Mauchly’s test indicated a breach
in the sphericity assumption when examining the impact of load on skin conductance
(%% = 9.47,p = 0.009), load on response time and the analysis of technique and load,
as well as for the gesture response time, with (2 = 21.81, p < 0.001; ¥> = 28.46, p < 0.001)
and (2 = 21.81, p = 0.003), respectively. Similarly, load and technique, and load for false
responses (> = 32.26, p < 0.001; > = 13.55, p = 0.001), as well as for forgot word count
(%% = 39.40,p < 0.001; > = 14.87,p < 0.001). Consequently, the degrees of freedom
(df) were adjusted in repeated measures ANOVA with Greenhouse-Geisser corrections for
the impact of the load on the conductance of the skin (¢ = 0.701), load and technique in
response time (€ = 0.58; € = 0.552) and for the analysis of technique and load on gesture
response time (¢ = 0.67). Similarly, load and technique for false responses (¢ = 0.54;
€ = 0.64) and forgot word count (¢ = 0.52; ¢ = 0.63). These df adjustments do not alter the
computed F-ratios, but do change the p-values to accommodate the sphericity assumption.
The df presented here are slightly rounded. The analysis demonstrated statistically signifi-
cant effects of techniques on skin conductance, response time, gesture response time, false
responses, forgot word counts and NASA-TLX scores.

4.1. Result Based on Physiological Measures

Table 3 displays a noteworthy primary impact of the technique (GCI versus Dacty-
lology) on the GSR (F(y,1) = 11.42, p < 0.005, 17% = 0.39, which represents a large effect
size), highlighting a significant distinction in the levels of skin conductance between GCI
(M =6.65 uS, SD = 2.65) and the Dactylology technique (M =7 uS, SD = 2.79) while per-
forming the task. This implies that executing the task with GCI resulted in lower skin
conductance compared with the Dactylology method, with the gesture technique account-
ing for 39% of the variance in skin conductance. The results corrected using Greenhouse-
Geisser indicate that the average skin conductance varied marginally between load levels
(F(1.4025.22) = 0.97, p > 0.05, 17,2, = 0.07, suggesting a small effect size). This finding implies
a minimal impact of task load on skin conductance. The interaction effect was not signifi-
cant (Fq 7631.73) = 0.80, p > 0.05, 17,2, = 0.07, indicating a smaller effect size). This implies
that GCI and Dactylology independently affect skin conductance under varying cognitive
load conditions.

4.2. Result Based on Performance of Participants

Table 3 highlights that the primary impact of techniques (GCI compared to Dactylol-
ogy) on the response time was not significant (F(; 1) = 1.51, p = 0.235, 17}27 = 0.07, reflecting
a small effect size), demonstrating a lower considerable difference in response time be-
tween the GCI (M =116.31s, SD = 84.54) and the Dactylology technique (M =107.48 s,
SD =79.26) when performing the task. This implies that executing the task with GCI
versus the Dactylology technique leads to Dactylology performing with less response
time. Further, results revealed a significant variance in mean response time across differ-
ent load levels (F(1 1420.89) = 132.08, p < 0.001, 17’2, = 0.88, suggesting a large effect size).
This indicates that task load significantly affected response time. The interaction effect
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was not significant (F(;1,195) = 0.54,p = 048, 17%, = 0.02, indicating a very small effect
size). This suggests that the GCI and Dactylology techniques operate independently in
different cognitive load situations. There is a notable primary impact of the technique on
gesture response time, illustrating significant differences between GCI and Dactylology
(F(1,18) = 44.56, p < 0.001, 17% = 0.71, denoting a substantially large effect size). Specifically,
the gesture response time for GCI (M =7.06 s, SD = 2.60) was shorter compared to the
Dactylology technique (M = 11.57 s, SD = 5.02) when performing the task. This implies
that using GCI results in faster gesture response times and accounts for 71% of the vari-
ance. In addition, the proposed GCI achieved approximately 39% lower gesture response
time than Dactylology, reducing the average gesture response time from 11.57 s to 7.06 s.
The variation in gesture response time between load levels was statistically significant
(F1.61,29.06) = 21.66,p < 0.001,17;27 = 0.54, denoting a large effect size). This indicates
a notable influence of task load on gesture response time.The interaction effect was not
significant (F(y 330410) = 2:48,p = 0.12, 17?, = 0.12, indicating a smaller effect size). This
suggests that GCI and Dactylology function independently under varying load conditions.

The primary impact of techniques (GCI versus Dactylology) on false responses
(F1,18y = 1.41,p = 0.255, 11% = 0.07, reflecting a minimal effect size), showing not sig-
nificant differences between the GCI (M =1.33, SD = 2.65) and Dactylology techniques
(M =1.07, SD = 2.23) regarding false responses during the task. This suggests that exe-
cuting a task via GCI does not differ significantly from performing it using the Dacty-
lology technique. The significant difference in mean false responses between load levels
(F(1.0871945) = 12.42,p = 0.002, 77,2, = 0.40, implying a medium to large effect size). This
signifies that task load has a significant influence on false responses. The interaction effect
was not significant (F(129323) = 2.55,p = 0.11, 17,2, = 0.12, suggesting a smaller effect
size), indicating that GCI and Dactylology function independently across different levels of
cognitive load. In addition, a notable primary impact of technique (GCI vs. Dactylology) on
forgot word count (Fy 13y = 5.31, p = 0.033, 7772] = 0.22, reflecting a medium to large effect
size), highlighting a distinct difference between the GCI technique (M = 0.43, SD = 0.89)
and the Dactylology technique (M = 0.89, SD = 2.04) in relation to the forgot word count for
task execution. This implies that using the GCI technique results in fewer forgotten words
than using Dactylology, with the gesture technique accounting for 22% of the variance in
the forgotten word count. The forgot word count averages varied significantly between
different load levels (F( 051893y = 12.56,p = 0.002, 17%, = 0.44, indicating a medium to
large effect size). This implies a significant impact of cognitive load on forgot word count.
The interaction effect is significant (F(1 260 74) = 9.13, p = 0.004, 17;27 = 0.33, suggesting a
medium to large effect size). This implies that both GCI and Dactylology interact with
technique and varying levels of cognitive load.

4.3. Subjective Results Based on NASA-TLX

Table 3 presents a marginal primary impact of technique (GCI versus Dactylology)
on NASA-TLX score (F(115) = 0.54,p = 047, 7772] = 0.03, indicating a very small effect
size), indicating a very little marginal difference between GCI (M = 55.33 score, SD = 20.2)
and Dactylology technique (M = 57.14 score, SD = 20.64) in terms of NASA-TLX score to
perform the task. This suggests that performing the task using GCI was almost the same as
performing the same task using the Dactylology technique.

Together, the results of the data collected from 19 participants, including skin conduc-
tance, response time, gesture response time, false responses, forgot word count, and NASA-
TLX scores, revealed distinct differences between the two techniques being compared.
Statistical analysis indicated a significant difference in the skin conductance levels, suggest-
ing varying levels of physiological changes associated with these techniques. The gesture
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response time and the forgot word count showed a significant difference between the
two techniques, which clearly demonstrates that the proposed GCI technique resulted in
fewer false responses and forgot word counts. Although the response times and the false
responses did not show a significant difference. Moreover, across all load conditions,
except for the skin conductance, the difference is statistically significant. Furthermore,
the NASA-TLX scores, which assess subjective workload, showed minimal variation be-
tween the techniques. In addition, paired-samples t-tests and Wilcoxon signed-rank tests
were conducted for each load condition and outcome measure, as presented in Table 4.
The results consistently showed significantly lower gesture response times for GCI than
Dactylology across low, medium, and high load conditions (p < 0.005). GCI also exhib-
ited significantly lower skin conductance under low and medium load conditions and a
significantly lower forgot word count under high load conditions. Although differences
in overall response time, false responses, and NASA-TLX scores were not statistically
significant, GCI generally demonstrated lower physiological load, faster gesture execution,
and fewer memory-related errors than Dactylology. The Wilcoxon signed-rank test results
were consistent with the paired-samples t-test findings, providing additional support for
the robustness of the observed effects.

Table 4. Descriptive statistics and results of paired-samples t-tests and Wilcoxon signed-rank tests
comparing GCI and Dactylology techniques across all measures.

. GCI Dactylology t(18) Medians Wilcoxon Test

Test Variable
Mean SD Mean SD t 4 GCI Dact. w 4

Low GSR 6.52 2.74 6.94 2.85 —3.07  0.007 * 6.79 7.31 30.0 0.007 *
Medium GSR 6.63 2.66 7.07 2.89 —248 0.023* 6.91 7.06 37.0 0.018 *
High GSR 6.79 2.68 7.00 2.78 —1.44 0.168 6.77 741 37.0 0.018 *
Low RT 45.69 14.96 43.06 17.12 0.80 0.436 41.99 35.76 71.0 0.353
Medium RT 92.52 27.35 87.09 36.04 0.86 0.402 84.66 75.56 58.0 0.145
High RT 210.71 7742 19228 7445 0.97 0.347 18422 171.35 59.0 0.156
Low GRT 8.51 291 14.35 5.70 —5.468 <0.001** 747 11.92 0.0 <0.001 **
Medium GRT 5.75 1.58 9.67 4.00 —5505 <0.001** 557 8.40 0.0 <0.001 **
High GRT 6.91 2.45 10.68 413 —4.225 0.001 ** 6.37 9.52 7.0 <0.001 **
Low FR 0.10 0.31 0.26 0.80 —0.766  0.454 0.00 0.00 3.0 0.462
Medium FR 0.94 1.47 0.52 1.34 —-0954  0.353 0.00 0.00 15.0 0.372
High FR 2.15 3.32 3.21 3.72 —1.80 0.089 1.00 2.00 17.0 0.083
Low FWC 0.00 0.00 0.00 0.00 - - 0.00 0.00 - -
Medium FWC  0.36 0.76 0.15 0.50 0.94 0.360 0.00 0.00 6.0 0.330
High FWC 0.94 1.64 2.52 291 —3.002 0.008 * 0.00 2.00 2.0 0.009 *
NASA-TLX 55.33 20.20 57.14 20.64 —0.74 0.470 55.67 65.00 715 0.542

** Significant at 0.005 level; * Significant at 0.05 level.

5. Conclusions

This work proposes Hand G esture-based Human-Computer Interaction (GCI) tech-
niques with the goal of improving daily life through more natural and efficient user inter-
actions. The proposed GCI technique significantly outperformed the existing technique
in several key areas. In particular, the GCI resulted in substantially fewer false responses
and forgot word count under various load conditions. This indicates that the proposed
technique offers higher accuracy in recognising gestures, which could translate into more
reliable and effective user experiences. Regardless of the overall response time, a closer
examination of the individual command generation times (gesture response time) revealed
71% of variance, and the proposed GCI technique had a 39% faster gesture response time.
In addition, physiological data (Galvanic skin response), as reflected in skin conductance,
revealed 39% of variance in skin conductance, a significant difference, suggesting that the
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proposed GCI technique may cause a more relaxed reaction than the existing Dactylology
method. The NASA-TLX scores for the proposed method showed only a deviation of 3%,
with minor differences between the techniques, indicating that the participants found both
approaches to be similarly demanding. Together, the results highlight that the participants
were able to perform tasks more accurately and efficiently with the GCI. The combination of
reduced false responses, shorter response times for command execution (gesture response
time), and favorable physiological responses underscores the superiority of the GCI in most
scenarios tested. demonstrating its potential for enhancing user interaction in practical
applications. Although the sample was representative of the characteristics of the target
population, future research should include a larger and more diverse sample to improve the
reliability of the results. Furthermore, incorporating participants from different age groups,
as well as individuals who have acquired blindness at various stages, provides deeper in-
sights and improves the applicability of the proposed work. The findings of this study offer
preliminary evidence to support the potential of the proposed GCI technique. The results
suggest that GCI could be a promising method for enabling computer interactions among
visually impaired people.

Author Contributions: Conceptualization, D.L., B.S. and A.B.; Methodology, D.L. and B.S.; Software,
D.L; Validation, D.L.; Formal analysis, D.L., B.S. and S.-5.A.; Investigation, D.L.; Data curation, D.L.
and A.B.; Writing—original draft, D.L. and B.S.; Writing—review & editing, B.S., A.B. and S.-S.A.;
Visualization, B.S., A.B. and S.-5.A.; Supervision, B.S.; Funding acquisition, S5.-S.A. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: All measurements were carried out according to the protocol
approved by the Ethics Committee of the Durgapur National Institute of Technology. Participants
received detailed instructions about the task, consented to testing procedures, and provided their
consent to participate in the study.

Informed Consent Statement: We, Durgesh Lohar, Bibhash Sen, and Anupam Basu, hereby grant
permission to publish our research paper. The code for the application design can be requested from
one of the corresponding authors.

Data Availability Statement: All data are available in the main text. In addition, information can be
requested from one of the corresponding authors.

Acknowledgments: We are thankful to Charudatta Jadhav, Principal Scientist, Head Accessibility
Research at Tata Consultancy Services, Mumbai for his creative and critical inputs during the develop-
ment of the work. We are grateful to Himanshu Ranjan (Jivan Jyoti NGO, Bokaro), Netraheen evang
Mookbadhir Vidyalaya (Giridih), Voice of World NGO (Kolkata) and Ramkrishna Mission Boys Blind
Academy (Narendrapur) for their voluntary participation. The authors thank the students of the
National Institute of Technology, Durgapur, West Bengal, India, for their voluntary participation,
with the proper ethical clearance obtained.

Conflicts of Interest: The authors declare no conflict of interest.

1. Yu, L.; Abuella, H; Islam, M.Z.; O'Hara, J.F,; Crick, C.; Ekin, S. Gesture recognition using reflected visible and infrared lightwave
signals. IEEE Trans. Hum.-Mach. Syst. 2021, 51, 44-55. [CrossRef]

2. Reig, S.; Fong, T.; Forlizzi, ].; Steinfeld, A. Theory and design considerations for the user experience of smart environments. IEEE
Trans. Hum.-Mach. Syst. 2022, 52, 522-535. [CrossRef]

3. Nino, J.; Kiss, J.; Poncet, F.; Wittich, W.; Edwards, G.; Morales, E. Toward improving internet navigation for visually impaired

screen Reader users: Co-designing an open-source assistive technology system. Assist. Technol. 2026, 38, 318-329. [CrossRef]

[PubMed]

https://doi.org/10.3390/computers15070408


http://dx.doi.org/10.1109/thms.2020.3043302
http://dx.doi.org/10.1109/thms.2022.3142112
http://dx.doi.org/10.1080/10400435.2025.2509699
http://www.ncbi.nlm.nih.gov/pubmed/40478980
https://doi.org/10.3390/computers15070408

Computers 2026, 15, 408 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Hoskin, E.R.; Coyne, M.K.; White, M.].; Dobri, S.C.; Davies, T.C.; Pinder, S.D. Effectiveness of technology for braille literacy
education for children: A systematic review. Disabil. Rehabil. Assist. Technol. 2024, 19, 120-130. [PubMed]

Ahmed, I.; Farrok, O. SwingBoard: Introducing swipe based virtual keyboard for visually impaired and blind users. Disabil.
Rehabil. Assist. Technol. 2024, 19, 1482-1493. [PubMed]

Aan, H.; Han, S.; Kim, K. A multiplayer VR showdown game for people with visual impairment. Hum.—Comput. Interact. 2025,
40, 343-363.

Modanwal, G.; Sarawadekar, K. A new dactylology and interactive system development for blind—computer interaction. IEEE
Trans. Hum.-Mach. Syst. 2017, 48, 207-212. [CrossRef]

Thushara, B.; Adithya, V.; Sreekanth, N. Gesture centric interaction: Evaluating hand and head gestures in touchless cursor
control. Ergonomics 2025, 68, 1388-1408. [PubMed]

Bharadwaj, A.; Dargue, N.; Sweller, N. A Hands-On Approach to Learning: Gesture Production During Encoding and its Effect
on Narrative Recall. Cogn. Sci. 2022, 46, €13214. [PubMed]

Alashhab, S.; Gallego, A.J.; Lozano, M.A. Efficient gesture recognition for the assistance of visually impaired people using
multi-head neural networks. Eng. Appl. Artif. Intell. 2022, 114, 105188. [CrossRef]

Kim, H.N. Characteristics of technology adoption by older adults with visual disabilities. Int. J. Hum.- Interact. 2021, 37, 1256-1268.
[CrossRef]

Sweller, J. Cognitive load during problem solving: Effects on learning. Cogn. Sci. 1988, 12, 257-285. [CrossRef]

Sweller, ]. CHAPTER TWO-Cognitive Load Theory. Psychol. Learn. Motiv. 2011 , 55, 37-76. [CrossRef]

Modanwal, G.; Rai, S.B.; Jaiswal, A.; Singh, T.; Sarawadekar, K. Can Visually Impaired Use Gestures to Interact With Computers?
A Cognitive Load Perspective. IEEE Trans. Hum.-Mach. Syst. 2022, 52, 267-275. [CrossRef]

Paas, F.; Tuovinen, J.E.; Tabbers, H.; Gerven, PW.M.V. Cognitive Load Measurement as a Means to Advance Cognitive Load
Theory. Educ. Psychol. 2003, 38, 63-71. [CrossRef] [PubMed]

Atkinson, R.C.; Shiffrin, RM. Human memory: A proposed system and its control processes. In Psychology of Learning and
Motivation; Elsevier: Amsterdam, The Netherlands, 1968; Volume 2, pp. 89-195.

Sweller, J. Element interactivity and intrinsic, extraneous, and germane cognitive load. Educ. Psychol. Rev. 2010, 22, 123-138.
[CrossRef]

Ryu, K.; Myung, R. Evaluation of mental workload with a combined measure based on physiological indices during a dual task
of tracking and mental arithmetic. Int. J. Ind. Ergon. 2005, 35, 991-1009. [CrossRef]

Mehler, B.; Reimer, B.; Coughlin, J.F.; Dusek, J.A. Impact of incremental increases in cognitive workload on physiological arousal
and performance in young adult drivers. Transp. Res. Rec. 2009, 2138, 6-12. [CrossRef]

Miller, S. Literature Review: Workload Measures; The University of Iowa: lowa City, IA, USA, 2001.

Lohar, D.; Sinha, M.; Basu, A.; Jadav, C.; Sen, B. Design of Effective HCI Mechanism with Hand Gesture for Visually Impaired
People: A Game-Based Approach. In Proceedings of the 2023 IEEE 11th Region 10 Humanitarian Technology Conference (R10-HTC);
IEEE: Piscataway, NJ, USA, 2023; pp. 962-967.

Modanwal, G.; Sarawadekar, K. Towards hand gesture based writing support system for blinds. Pattern Recognit. 2016, 57, 50-60.
[CrossRef]

Panwar, M. Hand gesture based interface for aiding visually impaired. In Proceedings of the 2012 International Conference on Recent
Advances in Computing and Software Systems; IEEE: Piscataway, NJ, USA, 2012; pp. 80-85.

Sweller, ].; van Merriénboer, ].].; Paas, F. Cognitive architecture and instructional design: 20 years later. Educ. Psychol. Rev. 2019,
31,261-292. [CrossRef]

Rodrigues, A.; Nicolau, H.; Montague, K.; Guerreiro, J.; Guerreiro, T. Open challenges of blind people using smartphones. Int. J.
Hum.-Interact. 2020, 36, 1605-1622. [CrossRef]

Berka, ].; Balata, J.; Jonker, C.M.; Mikovec, Z.; van Riemsdijk, M.B.; Tielman, M.L. Misalignment in semantic user model
elicitation via conversational agents: A case study in navigation support for visually impaired people. Int. |. Hum.-Interact. 2022,
38, 1909-1925. [CrossRef]

Frame, M.]. The relationship between visual impairment and gestures. . Vis. Impair. Blind. 2000, 94, 155-171. [CrossRef]
Sharkey, W.E,; Asamoto, P; Tokunaga, C.; Haraguchi, G.; McFaddon-Robar, T. Hand gestures of visually impaired and sighted
interactants. J. Vis. Impair. Blind. 2000, 94, 549-563. [CrossRef]

Sharma, S.; Jain, S.; Khushboo. A static hand gesture and face recognition system for blind people. In Proceedings of the 2019 6th
International Conference on Signal Processing and Integrated Networks (SPIN); IEEE: Piscataway, NJ, USA, 2019; pp. 534-539.
Kalimeri, K.; Saitis, C. Exploring multimodal biosignal features for stress detection during indoor mobility. In Proceedings of the
18th ACM International Conference on Multimodal Interaction, Tokyo, Japan, 12-16 November 2016; pp. 53-60.

https://doi.org/10.3390/computers15070408


http://www.ncbi.nlm.nih.gov/pubmed/35575120
http://www.ncbi.nlm.nih.gov/pubmed/37098085
http://dx.doi.org/10.1109/thms.2017.2734065
http://www.ncbi.nlm.nih.gov/pubmed/39441749
http://www.ncbi.nlm.nih.gov/pubmed/36478281
http://dx.doi.org/10.1016/j.engappai.2022.105188
http://dx.doi.org/10.1080/10447318.2021.1876359
http://dx.doi.org/10.1207/s15516709cog1202_4
http://dx.doi.org/10.1016/B978-0-12-387691-1.00002-8
http://dx.doi.org/10.1109/thms.2022.3144002
http://dx.doi.org/10.1207/S15326985EP3801_8
http://www.ncbi.nlm.nih.gov/pubmed/42340545
http://dx.doi.org/10.1007/s10648-010-9128-5
http://dx.doi.org/10.1016/j.ergon.2005.04.005
http://dx.doi.org/10.3141/2138-02
http://dx.doi.org/10.1016/j.patcog.2016.03.026
http://dx.doi.org/10.1007/s10648-019-09465-5
http://dx.doi.org/10.1080/10447318.2020.1768672
http://dx.doi.org/10.1080/10447318.2022.2059925
http://dx.doi.org/10.1177/0145482x0009400304
http://dx.doi.org/10.1177/0145482x0009400902
https://doi.org/10.3390/computers15070408

Computers 2026, 15, 408 14 of 14

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Saitis, C.; Kalimeri, K. Identifying urban mobility challenges for the visually impaired with mobile monitoring of multimodal
biosignals. In Proceedings of the Universal Access in Human-Computer Interaction. Users and Context Diversity: 10th International
Conference, UAHCI 2016, Held as Part of HCI International 2016, Toronto, ON, Canada, 17-22 July 2016, Proceedings; Part III 10;
Springer: Cham, Switzerland, 2016; pp. 616-627.

Cress, C.J.; French, G.J. The relationship between cognitive load measurements and estimates of computer input control skills.
Assist. Technol. 1994, 6, 54—66. [CrossRef]

Saitis, C.; Parvez, M.Z.; Kalimeri, K. Cognitive load assessment from EEG and peripheral biosignals for the design of visually
impaired mobility aids. Wirel. Commun. Mob. Comput. 2018, 2018, 8971206. [CrossRef]

Saitis, C.; Kalimeri, K. Multimodal classification of stressful environments in visually impaired mobility using EEG and peripheral
biosignals. IEEE Trans. Affect. Comput. 2018, 12, 203-214. [CrossRef]

Afroz, S.; Shimanto, Z.H.; Jahan, R.S.; Parvez, M.Z. Exploring the cognitive learning process by measuring cognitive load and
emotional states. Biomed. Eng. Appl. Basis Commun. 2019, 31, 1950032. [CrossRef]

Pigeon, C.; Li, T.; Moreau, F.; Pradel, G.; Marin-Lamellet, C. Cognitive load of walking in people who are blind: Subjective and
objective measures for assessment. Gait Posture 2019, 67, 43—49. [CrossRef] [PubMed]

Sluyters, A.; Ousmer, M.; Roselli, P.; Vanderdonckt, J. QuantumLeap, a Framework for Engineering Gestural User Interfaces
based on the Leap Motion Controller. Proc. ACM Hum.-Comput. Interact. 2022, 6, 1-47. [CrossRef]

Society for Psychophysiological Research Ad Hoc Committee on Electrodermal Measures; Boucsein, W.; Fowles, D.C.; Grimnes,
S.; Ben-Shakhar, G.; Roth, W.T.; Dawson, M.E.; Filion, D.L. Publication recommendations for electrodermal measurements.
Psychophysiology 2012, 49, 1017-1034. [CrossRef] [PubMed]

Clark-Carter, D.; Heyes, A.; Howarth, C. The efficiency and walking speed of visually impaired people. Ergonomics 1986,
29,779-789. [CrossRef] [PubMed]

Lupu, R.G,; Mitrut, O.; Stan, A.; Ungureanu, F.; Kalimeri, K.; Moldoveanu, A. Cognitive and affective assessment of navigation
and mobility tasks for the visually impaired via electroencephalography and behavioral signals. Sensors 2020, 20, 5821. [CrossRef]
[PubMed]

Hart, S.G.; Staveland, L.E. Development of NASA-TLX (Task Load Index): Results of empirical and theoretical research. In
Advances in Psychology; Elsevier: Amsterdam, The Netherlands, 1988; Volume 52, pp. 139-183.

Hart, S.G. NASA-task load index (NASA-TLX); 20 years later. In Proceedings of the Human Factors and Ergonomics Society Annual
Meeting; Sage Publications: Los Angeles, CA, USA, 2006; Volume 50, pp. 904-908.

Kim, H.Y. Statistical notes for clinical researchers: Assessing normal distribution (2) using skewness and kurtosis. Restor. Dent.
Endod. 2013, 38, 52-54. [CrossRef] [PubMed]

Blanca Mena, M.].; Alarcén Postigo, R.; Arnau Gras, J.; Bono Cabré, R.; Bendayan, R. Non-normal data: Is ANOVA still a valid
option? Psicothema 2017, 29, 552-557. [CrossRef]

Khan, A.; Rayner, G.D. Robustness to non-normality of common tests for the many-sample location problem. J. Appl. Math. Decis.
Sci. 2003, 7, 187-206. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/computers15070408


http://dx.doi.org/10.1080/10400435.1994.10132227
http://dx.doi.org/10.1155/2018/8971206
http://dx.doi.org/10.1109/taffc.2018.2866865
http://dx.doi.org/10.4015/s1016237219500327
http://dx.doi.org/10.1016/j.gaitpost.2018.09.018
http://www.ncbi.nlm.nih.gov/pubmed/30278391
http://dx.doi.org/10.1145/3532211
http://dx.doi.org/10.1111/j.1469-8986.2012.01384.x
http://www.ncbi.nlm.nih.gov/pubmed/22680988
http://dx.doi.org/10.1080/00140138608968314
http://www.ncbi.nlm.nih.gov/pubmed/3743536
http://dx.doi.org/10.3390/s20205821
http://www.ncbi.nlm.nih.gov/pubmed/33076251
http://dx.doi.org/10.5395/rde.2013.38.1.52
http://www.ncbi.nlm.nih.gov/pubmed/23495371
http://dx.doi.org/10.7334/psicothema2016.383
http://dx.doi.org/10.1155/s1173912603000178
https://doi.org/10.3390/computers15070408

	Introduction
	Related Works
	Proposed Methodology
	Experiment Setup
	Participants
	Experiment Procedure 

	Results and Discussion
	Result Based on Physiological Measures
	Result Based on Performance of Participants
	Subjective Results Based on NASA-TLX

	Conclusions
	References

