Journal of

Journal of Health Sciences and Medical Development i Seienees

Vol. 3, No. 03, pp. 185-196 Development ;
journal.iistr.org/index.php/HESMED ©.
DOI: 10.56741/hesmed.v3i03.686 7\% g«/)

Mental Workload Assessment: The Relationship
Between Physiological Heart Rate Variability and
Subjective NASA-TLX Measures

1Auditya Purwandini Sutarto*, 1Nailul Izzah, 1Rahma Indah Kusumawardani
Corresponding Author: *auditya@uggresik.ac.id

1 Universitas Qomaruddin, Gresik, Indonesia

ARTICLE INFO

Article history

Received 9 August 2024
Revised 12 December 2024
Accepted 15 December 2024

ABSTRACT

The rapid advancement of technology has shifted many jobs
to be dominated by mental or cognitive activities.
Consequently, it is essential to measure mental workload
(MWL) to ensure it does not exceed workers' capacity, which
could increase error rates, pose safety risks, reduce
productivity, and worsen well-being. This study aims to
investigate the relationship between objective and subjective
measures of mental workload. Using an experimental
approach, HRV physiological signals were recorded from 30
subjects under four different conditions: baseline, MWL test
1 ("d2 attention" test), MWL test 2 ("switcher featuring"
test), and recovery. Subjects were also asked to complete the
NASA-TLX questionnaire to assess their perceived mental
workload levels during the "d2 attention" and "switcher
featuring” tests. The results of the repeated measures ANOVA
showed significant differences in six HRV parameters across
the four conditions. However, post-hoc tests revealed that
only heart rate was able to distinguish between the two MWL
tests. While NASA-TLX was sensitive enough to differentiate
mental workload levels between the two types of tests, no
significant correlations were found between each HRV index
and NASA-TLX. This suggests a discrepancy between the two
types of measures. Further studies are needed to employ
different types of tests as well as other physiological
measures.
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Introduction

Human work activities can be categorized into two components: physical and mental
activities. Physical activity involves tasks predominantly involving bodily muscles, whereas
mental or cognitive activity consists of work tasks primarily involving thought processes with
minimal physical exertion. Both activities result in respective workloads: physical workload
and mental workload [1].

The rapid development of technology and information has shifted the nature of work
from being predominantly physical to focusing on mental aspects [2]. This shift underscores
the importance of understanding mental workload levels so that organizations can design
workload levels that are appropriate or exceed the capacity limits of workers. Excessive mental
workload can lead to cognitive overload, increasing the risk of errors and accidents at work,
reducing well-being, and ultimately diminishing work performance and organizational
effectiveness [3].

Various studies have been conducted to measure mental workload both subjectively
(self-reporting) and objectively. For example, a study by Zuraida and Aprillia [4] reported that
12 business government employees indicated high levels of mental, temporal, performance,
and frustration aspects, but moderate physical aspects. Similarly, 18 machine operators
reported high mental workload levels at PT PJL [5] and 17 production operators at PT Ujong
Neubok [6]. All these studies utilized the National Aeronautics and Space Administration Task
Load Index (NASA-TLX) questionnaire, a subjective measurement tool used to assess workload
levels based on six dimensions: mental demands, physical demands, temporal demands,
performance, effort, and frustration.

The subjective method of measuring mental workload has several limitations,
including inaccuracy, inconsistency, dependency on the type of work, and the potential to
disrupt daily work activities. Therefore, other objective measurement methods are needed.
Various review studies have shown that measuring physiological body signals can provide
more accurate information about an individual's mental workload [7], [8]. One of the popular
physiological indicators used is heart rate variability (HRV), which is derived from

electrocardiographic (ECG) signals.
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HRV or RRinterval refers to the time elapsed between two consecutive R waves ( waves
with the largest amplitude) or heartbeats [9]. HRV is influenced by the autonomic nervous
system, which consists of two branches: sympathetic and parasympathetic nerves. The
sympathetic nerves function as the "fight or flight" response during stress, leading to increased
heart rate, blood pressure, and rapid breathing. Conversely, parasympathetic nerves promote
relaxation, recovery, and energy conservation.

Research indicates that HRV reflects an individual's ability to regulate cognitive
activity, emotions, and behavior to respond adaptively to environmental changes [10]. High
HRYV levels are associated with better cognitive function and stress adaptability [11], [12].
Conversely, low HRV indicates potential physical health issues, such as cardiovascular disease
[13] and mental health problems [14].

Tao [8] reported that the majority of studies (67%) found heart rate to be sufficiently
sensitive for detecting various levels of mental workload, while HRV features such as the root
mean square of successive differences (RMSSD) and the ratio of low frequency to high
frequency (LF/HF ratio) were deemed sensitive by 75% of the reviewed studies. Similarly,
Charles and Nixon [7] found that 59% of the studies used cardiac activity as an indicator of
mental workload, although not all features studied were proven to be sensitive in detecting
different levels of workload.

Field measurements of mental workload have been conducted in various domains such
as aviation [15], nuclear power plants [16], traffic control [17], remotely operated vehicle
operations [18], and space flight [19]. However, such field studies have rarely been conducted
in Indonesia. One example is Yasmin et al. [20], who found a relatively high-stress level in four
store employees based on oxygen consumption and HRV parameters. Additionally, Wahyuning
et al. [21] found that the heart rate levels and standard deviation of normal to normal (SDNN)
HRV in train engineers were within normal ranges, although the locomotive cabin work
environment influenced their stress levels and mental workload.

Despite the ecological validity advantages of field studies, the findings may not be
accurate because of the numerous confounding factors that are difficult to control.
Experimental studies offer a controlled environment that enhances the reliability and validity
of HRV and mental workload measurements by minimizing external influences [22]This
control facilitated precise data collection, variable isolation, and stronger causal inferences.
Additionally, experimental studies allow for systematic testing of various conditions and
interventions, providing a comprehensive understanding of the factors influencing HRV and

mental workload.
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Therefore, this study aimed to assess the extent of the mental workload using both
subjective and objective indicators. Employing an experimental design, subjects performed
two types of mental workload tests while their HRV was recorded. Specifically, we address the
following research question:

1. Is there a significant difference in HRV during different types of mental workloads?

(RQ1)

2. Is there a correlation between the subjective and objective measures of mental
workload? (RQ2)
Material and Methods

A. Participant and Study Design

This study employed an experimental design to evaluate mental workload through both
objective and subjective measures. The sample size was calculated using G-power 3.1 software
[23]. For a paired-sample t-test with a significance level of alpha 0.05, a medium effect size of
0.25, and a test power of 85%, a minimum of 27 participants was required. To minimize the
risk of dropout and missing data, we recruited 30 students from Universitas Qomaruddin,
Gresik, Indonesia (mean age = 21.9 years, SD = 1.38 years). The sample included a relatively
balanced gender distribution, with 55.9% male participants. Additionally, 26.5% of the
participants were active smokers and all were right-handed. The eligibility criteria were as
follows: 1) no neurological, heart, or psychiatric disorders; 2) not undergoing chronic medical

treatment; and 3) no known allergies to adhesive substances or rubbing alcohol.

Participation was voluntary and written informed consent was obtained from all
participants before the experiment began. The study protocol followed the ethical principles

of the Declaration of Helsinki and was approved by the Local Research Ethics Committee.

B. Instruments

1. d2 Attention Test

In this study, the original d2 Attention Test was administered in paper-and-pencil
format. This neuropsychological test evaluates selective and sustained attention and
essential cognitive functions in everyday life [24], [25]. Participants were required to
identify and cancel out target stimuli, defined as the letter "d" with two apostrophe marks,
which may be positioned above or below the letter, among a variety of distractors. The test
consisted of 14 rows, each containing 47 letters. Participants had 20 seconds to cancel as
many target symbols as possible in each row before moving on to the next row. The total

duration of the test is approximately five minutes.
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2. Switcher Featuring Test

The Switcher Featuring Test is a computerized cognitive assessment included in the
Psychology Experiment Building Language (PEBL) test battery [26]. This task measures
cognitive flexibility and divides attention by requiring participants to repeatedly switch
between different rule dimensions. As shown in Figure 2, during the task, participants
viewed a screen displaying ten distinct colored shapes, each sharing only one common

dimension with another object (color, shape, or letter).
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Source: Brickenkamp [24]
Fig. 1. d2 attention test in paper-pencil version

Participants were prompted to select a matching object based on a displayed shape,
color, or letter after one object was circled. Following a successful match, they must switch
to a different feature to match the object based on that new feature and then switch back
to the previous feature. The task was divided into three sessions, each consisting of nine

blocks with ten responses per block. The task structure included the following:

- Condition Alternate Switch: In the first three blocks, participants switch between two
of the three feature rules, with each block using a different pair combination.

- Condition Fixed Switch: In the next three blocks, participants switch between the three
feature rules in a consistent order, with the order changing in each block.

- Condition Random Switch: In the final three blocks, participants switch between the

three feature rules randomly, making the next rule unpredictable.
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The participants completed a brief practice round before the main task to familiarize

themselves with the procedure. The main task lasts approximately five minutes.
3. NASA-TLX

The NASA Task Load Index (NASA-TLX), developed by NASA's Ames Research Center,
is a widely recognized tool for measuring perceived workload across various domains
[27]The NASA-TLX comprises six subscales: mental demand, physical demand, temporal
demand, performance, effort, and frustration. In this study, it was administered using

paper and pencil.

Source: Mueller and Piper [26]
Fig. 2. Switcher Featuring Task in PEBL Battery Software

Participants were instructed to rate their perceived workload for two distinct tasks—
the d2 attention test and the switcher-featuring task —using a 100-point scale. This

method provides a comprehensive assessment of the various dimensions of the workload.

4. Polar H10
The inter-beat intervals (IBI) and RR intervals of HRV were recorded using a Polar H10
chest-strap device (Polar Electro, Kempele, Finland), which has been validated against a
three-lead ECG Holter monitor [28] . The elite HRV app is used to log the IBIs on a
smartphone. The raw data were exported as a text file for subsequent import into Kubios
HRYV software [29]. Artifact filtering in the IBI time series was performed at a medium
correction level during preprocessing. The software then conducted both time-domain and
frequency-domain analyses of the IBI.
In this study, we selected several HRV metrics based on the recommendations of [30],
consisting of both the time and frequency domains. For time-domain metrics, we included the

mean heart rate (Mean HR), standard deviation of R-to-R intervals (SDRR), root mean square
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of successive differences (RMSSD), and percentage of successive normal sinus RR intervals
exceeding 50 ms (pNN50). The frequency-domain metrics included low frequency (LF), high
frequency (HF), and the ratio of low to high frequencies (LF/HF ratio). Both LF and HF are
expressed in normalized units (nu), representing the proportion of power within a specific

frequency band relative to the total power of the combined LF and HF bands.

C. Procedure

After obtaining consent, the Polar H10 device was securely fastened to the participant's
chest, just below the pectoral muscles. Participants were instructed to avoid caffeine, smoking,
and heavy meals for two hours before data collection, in line with the established HRV research
methodology [30]. This study prioritized the control of transient variables that could affect
HRV. Measurements were taken while the participants sat in front of a 14” laptop screen.
Baseline and recovery data were collected as the participants remained still for five minutes.
The mental workload tasks, d2 attention test, and feature-switching tasks were performed
sequentially. A manual timestamp was used to differentiate the recordings between two
consecutive sessions. This enabled alignment with HRV data analyzed later using the Kubios

HRYV software [29] and minimize the risk of interruptions between sessions.
D. Data Analysis

Descriptive statistics were used to report the mean and standard deviation of all HRV
indices and the total NASA-TLX scores. To address RQ1, repeated measures ANOVA (RM
ANOVA) was employed to assess the differences in each HRV index across the four conditions.
If significant differences were found, post-hoc tests with Bonferroni correction were
performed. Moreover, to examine the differences in perceived mental workload, indicated by
NASA-TLX scores, between the d2 attention test and the switcher featuring test, we conducted
a paired t-test. To address RQ2, Pearson’s correlation analysis was used. All analyses were

conducted using the Statistical Package for the Social Sciences (SPSS) version 25.0.
Results and Discussion

Table 1 displays the descriptive statistics, including mean and standard deviation, of
HRYV indices across the four conditions: baseline, MWL1 (d2 attention test), MWL2 (switcher
featuring test), and recovery. Table 2 summarizes the results of the repeated measures ANOVA
(RM ANOVA) and paired t-tests, indicating significant differences in the five HRV indices (heart
rate, SDNN, RMSSD, LF, and LF/HF ratio), as evidenced by their respective F values across the
four conditions. No significant differences were observed in the high-frequency (HF)
component of HRV. Further posthoc tests revealed that these differences were primarily
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observed between the baseline and other conditions, consistent with previous studies that
differentiated between relaxed or non-stress conditions and mental workload engagement
[31], [32]. However, we could not demonstrate the sensitivity of HRV in distinguishing
between different mental workload tests, a finding that aligns with prior studies that also

showed inconsistency in this area [8].

Table 1. Descriptive Statistics of HRV and NASA-TLX

Baseline d2 attention (MWL1) Switcher (MWL 2) Recovery

el Mean SD Mean SD Mean SD Mean SD
HR 82.73 9.4 89.2 13.25 86.06 10.68 83.5 9.25
SDNN 40.68 14.29 31.87 14.29 34.18 12.79 40.26 16.51
RMSSD 40.59 24.82 33.41 20.61 33.06 16.43 35.54 2047
LF 53.97 20.20 53.83 17.73 58.85 14.75 63.73 16.83
HF 45.89 20.19 45.92 17.67 51.07 55.21 36.2 16.82
LF/HF 1.74 1.49 1.57 1.19 1.74 1.009 2.98 3.10
NASA TLX 67.5 15.50 56.2 16.15

* SD = standard deviation, HR: heart rate, SDNN: Standard deviation normal to normal, RMSDD: Root mean square standard deviation,
LF: low frequency, HF: High frequency

Table 2. ANOVA or t-test

Index For t-test” p-value Post-hoc™
Baseline vs Recovery
Baseline vs Test 1

HR 12.637 <.001 MWL 1 vs MWL 2
MWL 2 vs Recovery
Baseline vs MWL 1,
SDNN 10.578 <.001 Baseline vs MWL 2
MWL 2 vs recovery
RMSSD 3.964 .022 Baseline vs MWL 1
Baseline vs recovery
LF 7.243 001 MWL 2 vs recovery
HF 1.298 269
LFHF 7.032 .005 Baseline vs recovery
NASA TLX 4.884 <.001

* t-test for comparing NASA-TLX scores. “"Post hoc test was performed when ANOVA was found significant

For example, an earlier study [33] found that the heart period, but not HRV, was the
only sensitive indicator for distinguishing mental effort investment as a function of task
difficulty in the tunnel task of a flight simulator. Other studies have shown that HRV cannot
detect manipulation of workload and levels within the same tasks [34], [35]. In contrast, this
finding does not corroborate previous studies [36], [37], [38], which demonstrated the
sensitivity of some HRV parameters to changes in various manipulations of mental workload.
This inconsistency may be explained by the possibility that the tasks used in this study did not
evoke different levels of mental workload [39]. It appears that both the d2 attention and
switcher featuring tests occupied relatively similar cardiovascular activation, resulting in

similar HRV responses. Nickel and Nachreiner [40] also proposed that HRV is an indicator of
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arousal or emotional strain, rather than mental workload. Nevertheless, this lack of evidence
warrants further investigation with more pronounced levels of mental demands with longer

durations, such as mathematics-based or sustained visual-monitoring tasks.

Regarding subjective mental workload assessment, a significant difference was
observed between the d2 and switcher-featuring tests. The subjects reported a higher
workload when performing the d2 attention test, even over a relatively short duration. This
may be attributed to their lower familiarity with the paper-pencil format of the d2 attention
test compared with the computer-based switcher-featuring test. The sensitivity of NASA-TLX
in this study aligns with previous findings [31], [37]. Therefore, studies aimed at detecting
mental workload based on HRV features using machine learning approaches often utilize

NASA-TLX as the ground truth to label mental workload states [41], [42].

As shown in Table 3, contrary to expectations, no significant correlation was found
between any HRV indices and NASA-TLX scores during the d2 attention test and switcher-
featuring test. Pearson Correlation Coefficient between HRV indexes and NASA-TLX Scores

during d2 attention test and Switcher featuring test

d2 attention (MWL1) Switcher (MWL 2)

Heart rate 0.195 -0.257
SDNN -0.111 0.305
RMSSD -0.202 0.199
LF 0.164 -0.282
HF -0.150 0.052
LFHF 0.152 -0.290

This finding suggests that regardless of the participants’ perceived mental effort, their
psychophysiological responses may remain consistent. In addition, previous research [43]
emphasized that subjective measures are the most sensitive to changes in mental workload,

followed by performance and psychophysiological measures.

Conclusion

In conclusion, we found that physiological signals derived from HRV measures can
distinguish between baseline states and engagement in a mental task. However, the sensitivity
of HRV indices in detecting different mental workload tasks was less convincing than
subjective assessments using the NASA-TLX. This discrepancy may be attributed to the nature
of the tasks, their short duration, and the individual variability in physiological responses. The
lack of correlation between HRV and NASA-TLX measurements suggests that mental workload

is a multifaceted construct that may not be fully captured by HRV alone.
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Limitation and Suggestions

This study has several limitations. One significant limitation is the small sample size
and the homogenous characteristics of the sample (university students). Future research with
larger and more heterogeneous samples would enhance the generalizability of these findings.
Second, given the observed lack of sensitivity of HRV in detecting different levels of mental
workload, future studies should incorporate other physiological indicators such as
electrodermal activity or galvanic skin response. Additionally, employing mental workload
stimulus tests with clearly defined levels of demand would improve the assessment of mental

workload.
Acknowledgment
The authors would like to thank Hadiyatul Aula and Alimas Nurhati for their invaluable

contributions during data collection, particularly for conducting laboratory experiments.

Conflict of Interest

The authors declare that they have no conflict of interest.

References

[1] R.Bridger, Introduction to Human Factors and Ergonomics, Fourth Edition. Boca Raton: CRC Press,
2017.doi: 10.1201/9781351228442.

[2] L.Longo, C. D. Wickens, G. Hancock, and P. A. Hancock, “Human Mental Workload: A Survey and a
Novel Inclusive Definition,” Front. Psychol, vol. 13, p. 883321, Jun. 2022, doi:
10.3389/fpsyg.2022.883321.

[3] M.S.Young, K. A. Brookhuis, C. D. Wickens, and P. A. Hancock, “State of science: mental workload
in ergonomics,” Ergonomics, vol. 58, mno. 1, pp. 1-17, Jan. 2015, doi:
10.1080/00140139.2014.956151.

[4] R. Zuraida and M. N. Aprillia, “Tingkat Beban Kerja Mental Karyawan pada Layanan Business,
Government, Enterprise (BGES) Bogor PT. TELKOM Indonesia Berdasarkan Metode NASA-TLX,”
jtekno, vol. 18, no. 2, pp. 81-89, Nov. 2021, doi: 10.33557 /jtekno.v18i2.1295.

[5] D.C.Dewi, “Analisis Beban Kerja Mental Operator Mesin Menggunakan Metode NASA TLX di PTJL,”
Journal of Industrial View, vol. 2, no. 2, pp. 20-28, 2020.

[6] R. J. Putra and G. Putra, “Analisis Beban Kerja pada Operator Bagian Produksi dengan
Menggunakan Metode NASA-TLX (Task Load Index) di PT. Ujong Neubok Dalam,” JOPT, vol. 7, no.
2,p- 212, 0ct. 2021, doi: 10.35308/jopt.v7i2.4352.

[71 R.L.Charlesand ]. Nixon, “Measuring mental workload using physiological measures: A systematic
review,” Applied Ergonomics, vol. 74, no. September 2016, pp. 221-232, 2019, doi:
10.1016/j.apergo.2018.08.028.

[8] D. Tao, H. Tan, H. Wang, X. Zhang, X. Qu, and T. Zhang, “A systematic review of physiological
measures of mental workload,” International Journal of Environmental Research and Public Health,
vol. 16, no. 15, pp. 1-23, 2019, doi: 10.3390/ijerph16152716.

[9] F.Shaffer and |. P. Ginsberg, “An Overview of Heart Rate Variability Metrics and Norms,” Frontiers
in Public Health, vol. 5, no. 258, 2017, doi: 10.3389/fpubh.2017.00258.

[10] F.Shaffer, R. McCraty, and C. L. Zerr, “A healthy heart is not a metronome: an integrative review of
the heart’s anatomy and heart rate variability,” Frontiers in Psychology, vol. 5, no. 1040, 2014, doi:
10.3389/fpsyg.2014.01040.

[11] X. Arakaki et al,, “The connection between heart rate variability (HRV), neurological health, and
cognition: A literature review,” Front. Neurosci, vol. 17, p. 1055445, Mar. 2023, doi:
10.3389/fnins.2023.1055445.

[12] G.Forte, F. Favieri, and M. Casagrande, “Heart rate variability and cognitive function: A systematic
review,” Frontiers in Neuroscience, vol. 13, no. JUL, pp. 1-11, 2019, doi: 10.3389/fnins.2019.00710.

194 P-ISSN 2962-5769 @ E-ISSN 2962-0007



[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

(28]

[29]
[30]

[31]

[32]

[33]

HESMED Vol. 3, No. 03, December 2024, pp. 185-196

M. N. Jarczok et al, “Heart rate variability in the prediction of mortality: A systematic review and
meta-analysis of healthy and patient populations,” Neuroscience & Biobehavioral Reviews, vol. 143,
p- 104907, Dec. 2022, doi: 10.1016/j.neubiorev.2022.104907.

S. M. Seipédjarvi et al,, “Measuring psychosocial stress with heart rate variability-based methods in
different health and age groups,” Physiol. Meas., vol. 43, no. 5, p. 055002, May 2022, doi:
10.1088/1361-6579/ac6b7c.

C. Dussault, J.-C. Jouanin, and C.-Y. Guezennec, “EEG and ECG changes during selected flight
sequences,” Aviat Space Environ Med, vol. 75, no. 10, pp. 889-897, Oct. 2004.

Q. Gao, Y. Wang, F. Song, Z. Li, and X. Dong, “Mental workload measurement for emergency
operating procedures in digital nuclear power plants,” Ergonomics, vol. 56, no. 7, pp. 1070-1085,
Jul. 2013, doi: 10.1080/00140139.2013.790483.

M. Fallahi, M. Motamedzade, R. Heidarimoghadam, A. R. Soltanian, and S. Miyake, “Effects of mental
workload on physiological and subjective responses during traffic density monitoring: A field
study,” Applied Ergonomics, vol. 52, pp. 95-103, Jan. 2016, doi: 10.1016/j.apergo.2015.07.009.

G. Durantin, J.-F. Gagnon, S. Tremblay, and F. Dehais, “Using near infrared spectroscopy and heart
rate variability to detect mental overload,” Behavioural Brain Research, vol. 259, pp. 16-23, Feb.
2014, doi: 10.1016/j.bbr.2013.10.042.

J. Sauer, P. Nickel, and D. Wastell, “Designing automation for complex work environments under
different levels of stress,” Applied Ergonomics, vol. 44, no. 1, pp. 119-127, Jan. 2013, doi:
10.1016/j.apergo.2012.05.008.

A. Yasmin, S. R. Rizalmi, and Mugimuddin, “Analisis Beban Kerja Menggunakan Cardiovascular
Load, Konsumsi Oksigen dan Heart Rate Variability pada Karyawan Bongkar Muat,” Journal of
Manufacturing in Industrial Engineering and Technology, vol. 2, no. 1, pp. 1-8, 2023.

C.S. Wahyuning, I. Rachmatiah S.S., and I. Z. Sutalaksana, “PENGARUH LINGKUNGAN KERJA KABIN
LOKOMOTIF TERHADAP TINGKAT STRES DAN BEBAN KERJA MENTAL MASINIS SECARA
FISIOLOGIS,” j.sist.teknik.industri., vol. 19, no. 1, pp. 20-29, Aug. 2018, doi: 10.32734 /jsti.v19i1.362.
U. Sekaran and R. Bougie, Research Methods for Business: A Skill Building Approach. MA: John Wiley
& Sons, 2016.

E. Erdfelder, F. Faul, A. Buchner, and A. G. Lang, “Statistical power analyses using G*Power 3.1:
Tests for correlation and regression analyses,” Behavior Research Methods, vol. 41, no. 4, pp. 1149-
1160, 2009, doi: 10.3758/BRM.41.4.1149.

R. Brickenkamp, “Test d2, Attentional Performance Test.” Hogrefe, Gottingen, Germany, 1994.

M. B. Steinborn, R. Langner, H. C. Flehmig, and L. Huestegge, “Methodology of performance scoring
in the d2 sustained-attention test: Cumulative-reliability functions and practical guidelines,”
Psychological Assessment, vol. 30, no. 3, pp. 339-357, 2018, doi: 10.1037/pas0000482.

S.T. Mueller and B.]. Piper, “The Psychology Experiment Building Language (PEBL) and PEBL Test
Battery,” Journal of Neuroscience Methods, vol. 222, pp. 250-259, Jan. 2014, doi:
10.1016/j.jneumeth.2013.10.024.

S. G. Hart and L. E. Staveland, “Development of NASA-TLX (Task Load Index): Results of Empirical
and Theoretical Research,” Advances in Psychology, vol. 52, no. C, pp. 139-183, 1988, doi:
10.1016/S0166-4115(08)62386-9.

M. Schaffarczyk, B. Rogers, R. Reer, and T. Gronwald, “Validity of the Polar H10 Sensor for Heart
Rate Variability Analysis during Resting State and Incremental Exercise in Recreational Men and
Women,” Sensors, vol. 22, no. 17, p. 6536, Aug. 2022, doi: 10.3390/s22176536.

Kubios, “User’s Guide Kubios HRV Scientific.” Kubios Oy, 2023.

S. Laborde, E. Mosley, and ]J. F. Thayer, “Heart rate variability and cardiac vagal tone in
psychophysiological research - Recommendations for experiment planning, data analysis, and
data reporting,” Frontiers in Psychology, vol. 8, no. 213, 2017, doi: 10.3389/fpsyg.2017.00213.

Y. Ding, Y. Cao, V. G. Duffy, Y. Wang, and X. Zhang, “Measurement and identification of mental
workload during simulated computer tasks with multimodal methods and machine learning,”
Ergonomics, vol. 63, no. 7, pp. 896-908, Jul. 2020, doi: 10.1080/00140139.2020.1759699.

M. R. Smith, R. Chai, H. T. Nguyen, S. M. Marcora, and A. J. Coutts, “Comparing the Effects of Three
Cognitive Tasks on Indicators of Mental Fatigue,” Journal of Psychology: Interdisciplinary and
Applied, vol. 153, no. 8, pp. 759-783, 2019, doi: 10.1080/00223980.2019.1611530.

J. A. Veltman and A. W. K. Gaillard, “Physiological workload reactions to increasing levels of task
difficulty,” Ergonomics, vol. 41, no. 5, pp. 656-669, 1998, doi: 10.1080/001401398186829.

Mental Workload Assessment: The Relationship Between Physiological Heart Rate Variability
and Subjective NASA-TLX Measures (Sutarto et al.)

195



HESMED Vol. 3, No. 03, December 2024, pp. 185-196

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

S. H. Fairclough, L. Venables, and A. Tattersall, “The influence of task demand and learning on the
psychophysiological response,” International Journal of Psychophysiology, vol. 56, no. 2, pp. 171-
184, 2005, doi: 10.1016/j.ijpsycho.2004.11.003.

A. Widyanti, D. de Waard, A. Johnson, and B. Mulder, “National culture moderates the influence of
mental effort on subjective and cardiovascular measures,” Ergonomics, vol. 56, no. 2, pp. 182-194,
2013, doi: 10.1080/00140139.2012.748219.

P. Lehrer, M. Karavidas, S.-E. Lu, E. Vaschillo, B. Vaschillo, and A. Cheng, “Cardiac data increase
association between self-report and both expert ratings of task load and task performance in flight
simulator tasks: An exploratory study,” International Journal of Psychophysiology, vol. 76, no. 2, pp.
80-87, May 2010, doi: 10.1016/j.ijpsycho.2010.02.006.

F.Schaule, J. O. Johanssen, B. Bruegge, and V. Loftness, “Employing Consumer Wearables to Detect
Office Workers’ Cognitive Load for Interruption Management,” Proceedings of the ACM on
Interactive, Mobile, Wearable and Ubiquitous Technologies, vol. 2, no. 1, pp. 1-20, 2018, doi:
10.1145/3191764.

J. Taelman, S. Vandeput, E. Vlemincx, A. Spaepen, and S. Van Huffel, “Instantaneous changes in heart
rate regulation due to mental load in simulated office work,” European Journal of Applied
Physiology, vol. 111, no. 7, pp. 1497-1505, 2011, doi: 10.1007/s00421-010-1776-0.

A. Luque-Casado, |. C. Perales, D. Cardenas, and D. Sanabria, “Heart rate variability and cognitive
processing: The autonomic response to task demands,” Biological Psychology, vol. 113, pp. 83-90,
2016, doi: 10.1016/j.biopsycho.2015.11.013.

P. Nickel and F. Nachreiner, “Sensitivity and Diagnosticity of the 0.1-Hz Component of Heart Rate
Variability as an Indicator of Mental Workload,” Human Factors: The Journal of the Human Factors
and Ergonomics Society, vol. 45, no. 4, pp. 575-590, Dec. 2003, doi: 10.1518/hfes.45.4.575.27094.
I. Albuquerque et al., “WAUC: A Multi-Modal Database for Mental Workload Assessment Under
Physical Activity,” Front. Neurosci., vol. 14, p. 549524, Dec. 2020, doi: 10.3389/fnins.2020.549524.
M. Benchekroun, D. Istrate, V. Zalc, and D. Lenne, “Mmsd: A Multi-modal Dataset for Real-time,
Continuous Stress Detection from Physiological Signals:,” in Proceedings of the 15th International
Joint Conference on Biomedical Engineering Systems and Technologies, Online Streaming, --- Select
a Country ---: SCITEPRESS - Science and Technology Publications, 2022, pp. 240-248. doi:
10.5220/0010985400003123.

E. Galy, M. Cariou, and C. Mélan, “What is the relationship between mental workload factors and
cognitive load types?,” International Journal of Psychophysiology, vol. 83, no. 3, pp. 269-275, 2012,
doi: 10.1016/j.ijpsycho.2011.09.023.

Authors

Auditya Purwandini Sutarto is a Lecturer in the Department of Industrial Engineering
at Universitas Qomaruddin Gresik, Indonesia. She holds a bachelor’s degree in Industrial
Engineering from Institut Teknologi Bandung, a Master's degree in Mathematics from
Universitas Gadjah Mada, and a Doctorate from the University of Malaysia Pahang,
Malaysia. With over 20 years of experience as a lecturer, she teaches subjects including
ergonomics and work design systems, statistics, and research methodology. Her areas of
expertise  include  cognitive  ergonomics and  psychophysiology.  (email:
auditya@uggresik.ac.id).

Nailul lzzah holds a Master's degree in Biostatistics from Universitas Airlangga,
Surabaya, Indonesia. She is currently a lecturer at the Department of Industrial Engineering
at the Universitas Qomaruddin, Gresik, Indonesia. She has extensive experience in teaching
mathematics and statistics at the university level. Her research interests include applied
mathematics and industrial statistics. (email: nailulizzah@uggresik.ac.id).

Rahma Indah Kusumawardani holds a Bachelor's degree in Engineering from
Universitas Qomaruddin, Gresik, Indonesia. She has served as a research assistant at the
Laboratory for Ergonomics at Universitas Qomaruddin for the last three years. Her
responsibilities include conducting laboratory work and assisting with research in the field
of ergonomics. (email: rahmaindahk20@gmail.com).

P-ISSN 2962-5769 @ E-ISSN 2962-0007


mailto:auditya@uqgresik.ac.id
mailto:nailulizzah@uqgresik.ac.id
mailto:rahmaindahk20@gmail.com

