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Mental load and fatigue are important causes of performance decreases and accidents in different activities. Most of the
existing instruments to analyze mental load and fatigue are subjective questionnaires and scales.

Keywords: cognitive fatigue ; mental health ; assessment procedure ; measurement ; validity

| 1. Introduction

Fatigue can be caused by excessive mental and/or physical demands, but the analysis of fatigue has focused on physical
aspects [, Physical fatigue causes impairments in the traditional physiological variables (i.e., heartrate, blood lactate, or
oxygen uptake). Contrary to physical fatigue, mental fatigue is not associated with these impairments, although the
specific role of the brain has been demonstrated in mental fatigue [&. Mental fatigue is apparently caused by excessive
mental demands B, and some authors have used the term “mental load” to refer to it 4. Mental load and fatigue have
been widely associated with specific performance decreases or an increase in the risk of accidents &,

Mental fatigue represents a psychobiological state with subjective (e.g., an increase in feelings of tiredness), behavioral
(e.g., motivation decrease or reaction time increase), and physiological (e.g., alterations in the electroencephalogram
signal) derivations in humans . This psychobiological state is caused by brain-demanding tasks (i.e., mental load), with a
relevant role of emotional (e.g., anxiety or stress) and cognitive (e.g., working memory or cognitive flexibility) aspects [,
This should be considered in the analysis of mental load and fatigue, although most of the studies performed have used
the cognitive aspects of mental fatigue €. For example, the case of Simon Biles or the different episodes observed during
the COVID-19 are examples of how emotional aspects may impair health and performance.

Specifically, it has been observed that mental load and fatigue may impair human physical performance [€l. Some authors
have stated that this phenomenon occurs through the increase in the subjective Ratio of Perceived Exertion, whereas
other performance indicators, such as accuracy, tactical decisions, or reaction time, may be impaired by excessive
accumulation of mental fatigue [&l. These impairments have been observed in different contexts such as medical surgery,
construction work, or athletic settings [, Although the accumulation of extracellular adenosine or impairments in cognitive
functions are possible explanations of this phenomenon, more studies are necessary to clarify the causes underlying
these impairments.

However, it is difficult to analyze the causes and consequences of mental fatigue. Several covariables influence the
mental fatigue induced by task performance, such as task difficulty, engagement, duration, or enjoyment/aversion @ In
addition, a large number of individual differences could explain why the same task does not induce the same level of
mental fatigue in different subjects or why mental fatigue manifests with different derivations (i.e., subjective, behavioral,
or physiological) among participants [&l. Van Cutsem and Marcora ! strongly recommend the use of a combination of
several derivations (i.e., subjective, behavioral, and physiological) of mental fatigue as the best approach to identify its
presence. Changes in all three areas do not necessarily appear in mentally fatiguing conditions, and they could depend
on the subjects’ individual characteristics. For example, cognitive performance does not necessarily decline in presence of
mental fatigue due to the effect of the compensatory effort system [EIZEIE] Therefore, the use of different measures of
mental fatigue may identify the causes of mental fatigue or explain why mental fatigue impairs performance.

Despite these recommendations, few existing procedures allow experts to assess mental load and fatigue, making them
difficult to control . On the one hand, different instruments have been used for this purpose indirectly, subjectively, and
behaviorally. For mental load, (i) NASA Task Load Index 19, (ii) the Subjective Mental Workload Scale (SCAM) developed
by Ceballos-Vasquez et al. 1 or (iii) the “StuMMBE-Q” 12 among others. For mental fatigue, the subjectively reported
Visual Analogue Scale (VAS) has been the most used instrument. Despite the high reliability and validity of these
instruments, information about brain processes is lacking. On the other hand, objective instruments have also been used

for this purpose. Pupil dilation 131 eye tracking X9 and different electrophysiological indicators such as



electroencephalography (EEG; 24 or brain functional connectivity patterns 2 have been recommended by authors to
quantify mental load and fatigue.

| 2. Mental Load and Fatigue Assessment Instruments
2.1. Mental Load and Mental Fatigue Assessment Instruments for Subjective Derivations

75% of the instruments included in the present study focused on the subjective derivations of mental load and fatigue.
These results indicated a tendency to use self-reported questionnaires or scales in the analysis of mental load and
fatigue. The extended use of these types of instruments may be explained by the high validity and usefulness of their
measurements €. However, experts should take into account the context involved to choose the most valid instrument,
according to the data to be extracted. Previously, Russell et al. & defined the complex nature of human factors, which
could explain why, when analyzing mental fatigue, experts also analyzed other psychological factors. Indeed, work
settings and hospitals were the main contexts where these instruments have been used, whereas in other contexts, such
as schools or sports, where mental fatigue is present 2418, few papers have analyzed the validity and reliability of these
instruments [,

These types of instruments are useful in the research of students and athletes because these populations usually have
little time to answer our research questions L. The main interest of these instruments is the individualization of the
feelings of mental fatigue 8. Such individualization of the context is important from a clinical and practical viewpoint. For
example, in a sports context, one task may significantly increase the mental fatigue of a certain athlete, while this same
task will not change the mental fatigue of another athlete. This may be extended to hospital patients, students, or workers
because mental fatigue has a subjective derivation, among others. Indeed, this situation justifies the use of these scales.
However, although these types of instruments have highlighted the role of mental fatigue and promoted the study of this
variable, a great number of experts have declared that further analysis of the physiological mechanisms is needed to
explain mental load and fatigue .

2.2. Mental Load and Fatigue Assessment Instruments for Behavioral Derivations

12.5% of the instruments included in the present study focused on the behavioral derivations of mental load and fatigue.
These variables allow experts to determine how mental fatigue may influence performance indicators in each context.
Russell et al. 19 asked an athletic population about their symptoms in the presence of mental fatigue. These athletes felt
slower, with poor reaction times and decreased accuracy. Moreover, a great number of papers have demonstrated the

relationship between an increase in the feelings of mental fatigue and a decrease in the specific behavioral performance
in different areas (2021122,

Few instruments have been validated for this purpose from a behavioral perspective. From a clinical and practical point of
view, this implies a limitation in the analysis of the negative effects of mental fatigue. Mental fatigue is important because
of its negative consequences in surgeons, athletes, or performance and health drivers. More studies designing
instruments for behavioral derivations or examining the effects of mental fatigue in human behavior are necessary to
further analyze the importance of mental fatigue.

2.3. Mental Load and Fatigue Assessment Instruments for Physiological Derivations

The influence of the brain in mental fatigue has been demonstrated; indeed, this influence has allowed researchers to
differentiate the mental and physical nature of fatigue 2. Whereas physical fatigue is normally caused by an impairment in
the traditional physiological systems, such as heartrate or blood lactate, impairments in these systems have not been
observed in the performance-related decreases in mental fatigue [&. This shows that less is known about the
psychobiological processes involved in mental fatigue. Although the complexity of these instruments (price, complexity,
time...) could explain the few papers published about these instruments, this information would allow researchers to
understand the mechanisms that underly the presence of mental fatigue and its consequences . This information is
interesting from a clinical and practical viewpoint. For example, it would be useful to know how mental fatigue can be
manipulated, how recovery strategies can be used, or how to maintain performance in presence of mental fatigue.
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