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AbSTrACT
background Management of mental workload is 
a key aspect of safety in anaesthesia but there is no 
gold-standard tool to assess mental workload, risking 
confusion in clinical and research use of such tools.
Objective This review assessed currently used mental 
workload assessment tools.
Methods A systematic literature search was 
performed on the following electronic databases; 
Cochrane, EMBASE, MEDLINE, SCOPUS and Web of 
Science. Screening and data extraction were performed 
individually by two authors. We included primary 
published papers focusing on mental workload 
assessment tools in anaesthesia.
results A total of 2331 studies were screened by 
title, 32 by full text and 24 studies met the inclusion 
criteria. Six mental workload measurement tools were 
observed across included studies. Reliability for the Borg 
rating scales and Vibrotactile device was reported in 
two individual studies. The rest of the studies did not 
record reliability of the tool measurements used. Borg 
rating scales, NASA-TLX and task-oriented mental work 
load measurements are subjective, easily available, 
readily accessible and takes a few minutes to complete. 
However, the vibrotactile and eye-tracking methods 
are objective, require more technical involvement, 
considerable time for the investigator and moderately 
expensive, impacting their potential use.
Conclusion We found that the measurement of mental 
workload in anaesthesia is an emerging field supporting 
patient and anaesthetist safety. The self-reported 
measures have the best evidence base.

InTrOduCTIOn
Mental workload has been defined in terms of 
level of attention and resources required to meet 
objective and subjective performance criteria of 
an individual task, which may be mediated by task 
demands, external support and past experience.1 
It has been identified as key performance factor in 
various complex working environments.2 Anaesthe-
tists work in an environment where mental work-
load may impact on safety through slips, lapses and 
conflict.3 Managed workload may have an impact 
on job satisfaction within the operating team and 
provide cost-effective care. Studies4 5 have demon-
strated that workload may lead to increase anaesthe-
tist stress (in part an imbalance between workload 
and resources),6 burnout and fatigue. Both aviation 
and nuclear industries report associations between 
mental workload, system performance and safety.7 8 

Mitigating effects of workload/capacity mismatch 
requires understanding of temporal, individual 

and contextual-sensitive changes in workload. 
However, although it might relatively be easy to 
identify times of increased or reduced mental work-
load, it is not a trivial issue to reliably quantify this.9 
Several methods have been proposed to measure 
anaesthesia workload based on metrics used in 
other industries, but to date none of the assessment 
tools available has been considered standard for 
use across healthcare. While it is unlikely that any 
single tool will ever be optimal for all situations, 
it is important for researchers and practitioners to 
understand what various tools can and cannot be 
expected to do when used or reported in studies.

Current mental workload measurements are 
conceived from four parallel conceptual frameworks 
(scoring/task oriented, task performance, response 
time capabilities and physiological changes). Criteria 
of methods are detailed intable 1. Subjective task-ori-
ented methodologies are multidimensional constructs 
of subscales that include: mental, physical, temporal 
demand, frustrations, effort and performance. The 
theory of such tools is that combination of specific 
elements is more likely to describe the workload 
experienced by most operators doing the tasks7; and 
most importantly, the operator is the best individual 
to rank/score how difficult the task is perceived. Other 
tools work from the premise that if a primary (clin-
ical) task is associated with high level of workload, 
limited spare mental capacity will be available. This 
will be observed by delays in reacting to a secondary 
task analogous to a computer slowing down if it has 
insufficient memory or processing power. It may 
also be observed in error rates or time taken for the 
primary tasks themselves. Physiological measurement 
tools assume that increases in mental workload are 
associated with observable changes in physiology, 
mediated via the autonomic nervous system.10 
This review assesses the theoretical framework and 
supporting data for currently used mental workload 
assessment tools in the anaesthetic environment, in 
order to allow researchers and practitioners to under-
stand the relative merits of the available tools.

MeThOdS
A systematic literature search was performed across 
five databases; Cochrane, EMBASE (via Ovid plat-
form), MEDLINE (via Ovid platform), SCOPUS 
and Web of Science. The search strategy was piloted 
and tailored to the individual databases. A combina-
tion of Medical Subject Headings (MeSH) and free 
text terms was used to increase sensitivity for iden-
tification of potential studies. Search terms used 
([workload* OR work load* OR over load* OR 
taskload* OR burnout* OR stress* OR anxiety* 
OR fatigue] AND ([anaesthesia* OR anaesthetist* 
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OR anaesthesiology*]) were initially run individually and then 
combined in each database. References list of identified papers 
and previous reviews were checked for further data and citing 
articles were also sought from Google Scholar.

We included primary published research papers focusing 
on mental workload assessment tools used in anaesthesia and/
or impact of workload on anaesthetists and patient safety up to 
February 2018. Studies in other languages were considered if an 
English translation version was available. We excluded reviews, 
descriptive articles, letters to the editor and opinions.

data extraction
DA and TM both performed the search strategy and inde-
pendently identified potential studies for inclusion at abstract 
stage. Data extraction was performed individually with disagree-
ments resolved by the discussion and involvement of a third 
researcher (IM). Data extracted from individual studies included: 
sample size, study region, date of study, validity and reliability of 
workload measurement tool. Data are reported as presented in 
the studies. Due to heterogeneity of study results presentation, 
populations and tools used, no attempt has been made to pool 
data.

reSulTS
Overview
Primary search produced 2388 articles. A total of 2313 studies 
were screened by title after removal of duplicates; 40 were 
eligible for abstract screening. Thirty-two studies were consid-
ered for full-text analysis and 2411–34 met the inclusion criteria 
with outcomes given with adequate data to assess study results. 
Most studies screened at full-text phase looked at effects of 
workload in general, not its measurement and therefore were 
excluded.35–42 Flow chart of study selection is detailed in figure 1.

Characteristics of included studies are outlined in 
the online supplementary appendix 1.

Types of mental workload measurement tools
Six mental workload measurement tools were identified (table 2). 
Rating scales of workload were used in 16 of these 24 studies. 
The Borg rating (6 to 20) scale was used in nine19–22 24–28 and 
NASA-TLX in five13 15 28 30 32. Gaba and Lee23 used a bespoke 
rating scale and Vredenburgh et al33 used a survey instrument, 
both similar to NASA-TLX. Analysis of primary task perfor-
mance (tasks required as part of anaesthesia care) was assessed in 
four studies,11 12 23 33 and performance of secondary tasks (arith-
metic) was reported in three studies.23 29 34 Of the 24 studies, 11 
assessed only one of the four concepts (scoring/task-oriented: 2, 
task performance: 5, response time capabilities: 2 and physiolog-
ical changes: 2); 10 studies assessed scoring and response times, 
2 scoring and physiology; 1 study assessed scoring, response time 
capabilities and physiology. Vigilance was assessed in 13 studies 
using either the vibrotactile device13–16 or response to a randomly 

illuminated light20–22 24–27 34 or alarm sound response latency.32 
Physiological monitoring was reported in five papers17–19 22 28 
from three studies. Pupil responses were reported in two papers 
from the same study17 19 and one from a different study.18

Type of tools used for each study are outlined in 
the online supplementary appendix 2.

The Borg rating scale is widely used to assess workload 
in anaesthesia. It assess workload using a perceived exertion 
numerical scale from 6 (no exertion at all) to 20 (maximum 
exertion). Its use in anaesthesia settings such as clinical environ-
ments, simulated critical incidents and non-simulated critical 
incidents showed similar results. Essentially, during routine cases 

Table 1 Criteria for workload measurement methods9

Criteria explanation

Simplicity and 
usability

Minimum equipment, non-intrusive/non interference with 
performance, acceptable to subjects

Availability Timely and sufficiently rapid for use

Performance 
characteristics

Sensitivity to changes, selectively sensitive, insensitive to other 
task demands, inter-rater and intrarater reliability, adequate floor 
and ceiling effects, face validity

Diagnostic Indicating the source of workload variation

Figure 1 Flow diagram of included and excluded studies.
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of anaesthesia, the Borg rating scale showed an increase in work-
load values during induction and emergency compared with 
maintenance. Similarly, comparatively high Borg rating values 
were observed during complex and moderate cases compared 
with simple cases. More experienced anaesthetists appeared to 
have spare mental capacity during standardised primary anaes-
thetic tasks as observed in their reporting of lower workload 
values from standardised incidents in comparison with less expe-
rienced anaesthetists. It could be argued the Borg scale is unidi-
mensional and do not explicitly differentiate between physical 
and mental workload. Nevertheless, observed results from its use 
across included studies support the Borg rating scale to be an 
effective tool workload measurement tool.

The NASA-TLX workload measurement tool uses six cate-
gories: effort; mental demand; physical demand; temporal 
demand; frustration and performance to measure workload. 
Variations in NASA-TLX were comparable with the Borg rating 
scale and/or physiological monitoring tools,18 28 when both tools 
were used. When used with physiological measuring tools, signif-
icant positive correlation was observed between physiological 
outcome measures (heart rate, heart rate variability and pupil 
size) and NASA-TLX scores.28 For NASA-TLX domains across 
all included studies, higher workload scores were consistently 
observed in temporal, mental and physical domains not changed. 
However, there were inconsistent results for the frustration and 
performance domains across studies.

Tasks were used in two ways. First, accuracy of completion of 
a primary tasks (directly related to anaesthesia care) was used as 
a measure of workload. Alternatively, a secondary task was used 
to increase workload and/or assesses spare capacity. A positive 
correlation between subjective workload and primary workload 
density was reported.20 21

Workload assessment using secondary task measurements 
reported high levels of workload.

Alarm response latency (using either a light or vibrotactile 
device) was used to measure vigilance among anaesthetists. 
Response latency increased significantly at times of increased 
workload, whether during routine or crisis induced variation. 
The results of increasing workload with secondary tasks was 
inconsistent. Some studies reported a statistically significant 
increase in mean response time and others not; this may have 
been due to individuals’ performance variability (interindividual 
variation).

Physiological workload measurement tools uses physiological 
responses as a surrogate marker of mental workload including 
the assessment of subjects’ visual focus of attention. Heart rate 

alone had inconsistent relationship with workload with marked 
interindividual variability. More advanced metrics of auto-
nomic function (derived from heart rate variability) showed 
better discriminative ability in one study.28 Pupil changes were 
inconsistently related to workload with marked interindividual 
variability.

relIAbIlITy
Two studies reported reliability of the tools’ measurement used. 
One study16 reported reliability (α=0.922) for the vibrotactile 
device. Another study27 reported reliability of the Borg scale 
which found to be moderate (concordance coefficient=0.55). 
Several studies20–22 25 26 reported moderate to good correlation 
between self-reported and observer workload rating using the 
Borg scale.

dISCuSSIOn
Four techniques of measuring mental workload were found in 
our review: scoring, task performance, response time capabili-
ties and physiological measures. The Borg rating scale measuring 
method was the most commonly used method and showed 
consistent association with expected variations in workload. 
Correlation between self-reported and observed rating was 
moderate to good.

Areas with increased workload such as the emergency depart-
ment, intensive care unit and operating room are associated 
with a significantly higher rate of medical errors compared with 
other departments.43 While less well studied compared with 
other high-risk industries, mental workload among anaesthetists 
is presumably related to incidents and recovery from human 
error.44 Observed results support the concept that anaesthesia is 
similar to other high-risk industries such as aviation and nuclear 
power where human behaviour has positive and negative impacts 
on safety and performance. Workload is believed to be a key 
contributing factor for human error.3 NASA-TLX and Borg scale 
mental workload measurements are subjective cognitive work-
load measures that can be performed with a paper and a pencil 
and are easily available, readily accessible and only take a few 
minutes to complete.7 They have been widely studied and used 
in other settings.9 The NASA-TLX questionnaire has been exten-
sively validated in the aviation and nuclear industries. It has been 
found to have diagnostic capability for subjective overload.45 It 
does not interfere with primary tasks and affords opportunity 
for operators’ individual perception of workload to be explored 
in depth. The Borg rating scale was the single most common 

Table 2 Tools used to measure mental workload in anaesthesia

Tools Measurement Outcome

Borg workload Self-reported workload score 6 (no exertion), 20 (maximum exertion)

NASA-Task Load Index Self-rating workload chart in six subscales mental, physical, temporal 
demand, frustration, effort and performance/success

Score ranges from 0 (minimal) to 10 (maximum possible)

Tasks Response time Primary task (response to task-related demands)
Secondary task performance (measure of spare capacity)
Absolute response time of mathematical addition task
The rate of correct answers to the mathematical questions every 5 s

Vibrotactile device Response time to a vibration on the upper arm Absolute response time (ms)
Response time (ms) above statistically derived ‘threshold’

Eye-tracking device 
(EyeSeeCam)

Pupil diameter and eye movements Absolute (mm) and change in pupil diameter
Mean duration (seconds) of fixation episodes
Amplitude (degrees) of saccades

Autonomic responses Heart rate
Respiratory rate

Absolute and relative changes in HR
Heart rate variability: time, frequency and entropy-derived metrics
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measure used in the identified studies. It consistently demon-
strates discriminant ability between expected contexts of varying 
workload: phases of anaesthesia, routine versus and non-rou-
tine-simulated scenarios.

The interpretation and ability of these scores to quantify 
performance is uncertain. Subjectivity is integral to the approach1 
and it is unclear whether they are measuring mental workload 
or ‘stress’.46 All of the studies reported individual NASA-TLX 
subscales as well as the weighted summary score though formal 
analysis was less commonly carried out. Qualitatively, the 
temporal and mental domains were consistently associated with 
workload and physical domains not. Results were inconsistent 
for the frustration and performance domains, suggesting that 
NASA-TLX should be reported at domains level.

Vigilance (response latency) and physiological data are objec-
tive methods that require more technical involvement, consid-
erable time for investigator and are moderately expensive. 
Physiological measurement methods are perceived as complex, 
intrusive and less likely to be part of daily routine use.47 With 
advances in technology, equipment is becoming much more 
portable, capable and acceptable.9 The vibrotactile device is 
unobtrusive and allows operators to move easily and can be freely 
used in different clinical practice settings without interfere with 
normal working practice. However, the definition of delay or 
threshold varies between studies which hampers interpretation.

Eye tracking provides objective surrogate measures of phys-
iological responses (pupil diameter) and other behaviours. 
However, pupil diameter varies by individual, light intensity, 
time of day and caffeine, all of which are relevant to anaesthe-
tists. Studies in aviation found that the influence of mental effort 
on eye movement measurement is highly reliant on specific 
task characteristics48 and therefore it is not suitable to use as a 
method to assess workload in aviation.

Heart rate appears to be inconsistent in its ability to discrimi-
nate workload. Advances in technology allow relatively straight-
forward and unobstrusive multimodal monitoring of autonomic 
physiology through chest harnesses. Johnstone et al49 reported 
that this multivariable technology was demonstrated to be reli-
able and valid in a laboratory setting. However, in the workplace, 
interindividual variability, therapeutic drug use, caffeine and 
physical workload all potentially act as confounders. Changes 
within a low physical load situation may be reflective of mental 
workload, but this ideal may not exist in most scenarios where 
mental workload coincides with increased movement.

Study limitations
Presentation of results and the methods used to generate or 
infer differences in workload differed across the studies, making 
direct comparisons difficult. There were limited data comparing 
tools in the same setting.

Despite the attraction of objective measurement, some 
approaches directly interfere with clinical practice, making their 
widespread use questionable.

Self-reported measures have theoretical problems: subjectivity, 
lack of clarity of what is actually being measured and time delay. 
But on the evidence presented in this review, they do appear to have 
validity for measuring workload. They are sensitive to changes in 
workload in a variety of contexts and seem acceptable to users.

COnCluSIOn
The measurement of mental workload in anaesthesia is an 
emerging field supporting patient and anaesthetist safety. Self-re-
ported measures have the best evidence base to date.
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Self-reported ratings appear to be the 
best for workload measurement
Craig S Webster,1,2 Jennifer M Weller1,3

deFInIng wOrklOAd And why IT IS 
IMPOrTAnT TO MeASure IT
What is workload, why does it matter 
and how do we measure it? Workload 
is commonly defined in terms of the 
demands required to complete a task and 
the ability of an individual to meet those 
demands.1 Workload increases as task 
demand increases relative to the finite 
mental and physical resources an indi-
vidual has at their disposal to fulfil a task. 
Overload occurs when the task demand 
exceeds an individual’s resources. In 
the clinical context, high workload can 
increase stress for the clinician and can 
precipitate errors in action and deci-
sion-making, with obvious consequences 
for patient safety.2 3 Poorly designed clin-
ical work environments and equipment 
interfaces can also substantially increase 
workload, and long-term stress due to 
high workload can lead to burnout for 
healthcare personnel.4–6 A better under-
standing of excess workload and when 
and how it occurs is therefore important 
for the quality of life of healthcare 
staff, the design of clinical procedures 
and equipment and, ultimately, for the 
safety of patients. However, it is clear 
that observable behaviours can only be a 
proxy measure for total workload since a 
substantial part of most forms of human 
work also involves mental activity, which 
cannot be directly observed. Our propen-
sity to prefer objective or observable 
measures of phenomena comes from the 
physical sciences where the physical or 
chemical processes under study do not 
involve mental aspects. This preference 
for the objective was also evident during 
the heyday of behaviourism, only a few 
decades ago, where mental phenomena 
were shunned as a subject of scientific 
inquiry simply because of the difficulties 

involved in measuring them.7 Accessing 
mental events typically required subjec-
tive self-report, and such subjective 
measures were not considered scientific 
at the time.

The systematic review paper by 
Almghairbi et al8 is of interest because 
it appraises the tools currently available 
to measure workload in anaesthesia, 
including self-reported and more objective 
and technical measures. After screening 
2313 papers, only 24 met the inclusion 
criteria of the review, and these papers 
identified six contemporary workload 
measurement tools. Of the six workload 
tools, two were based on self-report, two 
were based on response time to an external 
stimulus and two were based on physiolog-
ical measures such as heart rate and pupil 
diameter. Due to the heterogeneity of the 
data presented in the included workload 
studies, Almghairbi et al8 employed a 
qualitative synthesis approach to assess the 
evidence for different workload measures 
and concluded that the two self-reported 
workload measurement tools, namely, the 
Borg Workload Scale and the NASA Task 
Load Index (TLX), demonstrated the best 
evidence of validity and sensitivity in the 
measurement of workload in anaesthesia.

SelF-rePOrT IS A gOOd MeASure OF 
wOrklOAd
Perhaps, this result should not be so 
surprising, despite the fact that it may 
not satisfy those who desire a purely 
objective measure of workload. Any 
sensitive measure of workload has a 
lot to do with how in control, or on 
the other hand, how overwhelmed, 
an individual is feeling in relation to 
their current activities. As such, work-
load seems like a phenomenon that 
would privilege self-report over other 
measures. This is doubly the case when 
the potential confounders of any kind 
of non-self-reported measure of work-
load are considered. As Almghairbi et 
al8 point out, factors such as individual 
differences in the tolerance of stress, or 
the number of cups of coffee or other 
substances an individual has consumed, 
can all make large differences in the 
experience of workload, but may not be 

reliably reflected in any kind of physio-
logical or behavioural measures.

exPerTISe And wOrklOAd
Expertise is also a substantial confounding 
factor, one which is likely to be partic-
ularly relevant in healthcare. An expert 
who appears very busy may be so prac-
tised at a complex activity that they can 
effortlessly execute sequences of actions 
without experiencing especially high 
workload, while a novice attempting to 
do less may appear to be achieving little, 
but feel overwhelmed by it. Workload 
measurement therefore may be a lot like 
pain assessment—a reliable and valid 
measure may only be possible by asking 
an individual to self-report on some 
kind of quantitative scale.9 In the case 
of pain, this is often a 100 mm Visual 
Analogue Scale with anchors of ‘no pain’ 
and ‘worse possible pain’. The Borg 
scale and NASA-TLX both function in a 
similar way, by employing numeric rating 
scales which yield ordinal quantitative 
data based on self-report (although a 
scale broken into subscales in the case of 
the NASA-TLX). Hence, a self-reported 
measure of workload would not be biased 
by expertise, since the expert (or novice) 
would be able to accurately report their 
experienced workload level, rather 
than using the apparent level measured 
by an external behavioural or physio-
logical proxy measure. The converse 
would also be true—if you plan to use a 
behavioural or physiological measure of 
workload, you should also ask partici-
pants to rate their expertise level (and 
any other obvious biases), so that you can 
correct for this in your analysis. In prac-
tical terms, the method used will come 
down to the specifics of the study being 
conducted. Behavioural and physiolog-
ical proxy measures can allow continuous 
recording of data, without interrupting 
workflow, whereas self-report requires at 
least momentary interruption. However, 
to many, the result of Almghairbi et al8 
review will be good news, as the Borg 
and NASA-TLX workload tools are the 
easiest of the six contemporary workload 
tools to administer, since they do not 
require any technical equipment. Borg 
ratings can be made verbally at inter-
vals and recorded, while the NASA-TLX 
requires only pen and paper to complete.

wOrklOAd, equIPMenT deSIgn And 
PATIenT SAFeTy
An accurate tool to measure workload is 
important in healthcare, as it allows the 
demands of key tasks involved in care to 
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be quantified and better understood. As 
touched on by Almghairbi et al8 in their 
paper, workload measurement has a range 
of applications in many research areas, 
particularly systems design and patient 
safety. It is important to determine whether 
changes to equipment intended to add func-
tionality or to improve efficiency have not 
instead inadvertently increased workload 
demands on clinicians, by making devices 
overly complex and so more difficult to use 
safely.4 10 For example, modern anaesthetic 
machines, patient monitors and infusion 
pumps provide considerably more complex 
functionality than previous models, often 
requiring the anaesthetist to navigate 
through nested menus and to be aware of 
multiple functional modes in which the 
device will behave in quite different ways.4 5 
Searching for the desired patient data on 
a screen with a reconfigurable display, or 
for the correct menu option, or for some 
indication of which mode the device is 
currently in, can consume a considerable 
amount of an anaesthetist’s time. This can 
add complexity and workload in ways that 
may not make up for the advantages that 
the new device features were intended to 
offer.11 Eye tracking techniques may be 
used effectively in such circumstances as 
a proxy measure for workload. Such tech-
niques allow a continuous measurement 
of the location of eye fixation and hence 
locate the parts of devices or their inter-
faces which may be involved in excessive 
task demand (but caveats about the mental 
aspects of work and the biases of proxy 
measures apply).12–14

MeASurIng wOrklOAd In TeAMS
Workload research in healthcare remains 
relatively new compared with other 
industries, and so robust measurement 
tools are welcome.15–17 However, current 
workload measures remain a function 
of an individual engaged in work, and 
so many fascinating questions remain to 
be answered in terms of how workload 
operates at the level of the clinical team. 
For example, are there aspects of clin-
ical teams which can adversely increase 
individual and collective workload? Do 
members of well-functioning teams have 
lower workload measures simply because 
everyone works so well together and tasks 
progress smoothly? You might expect that 
members of an operating room team who 
work together frequently would have a 
substantially aligned understanding of how 
key tasks in common procedures should 
proceed. In fact, in a recent high-fidelity 
simulation study, our group found that 

clinical team members agreed, on average, 
only 87% of the time about when key tasks 
should be done, and only 70% of the time 
about who should do them.18 It would 
seem to make intuitive sense that teams 
would experience higher workload if they 
were in relatively low agreement on how 
tasks should proceed, as low agreement 
would be expected to lead to delays and 
duplication of efforts—but we currently 
do not know the answer to this question.

COnCluSIOn
After screening 2313 papers in their system-
atic review, Almghairbi et al8 conclude that 
the weight of current evidence suggests that 
two self-reported measures, namely, the 
Borg Workload Scale and the NASA-TLX 
demonstrate the best validity and sensi-
tivity in the measurement of workload in 
anaesthesia. Workload may be a phenom-
enon that uniquely privileges self-report, 
since so much of human work involves 
mental activity which cannot be objectively 
measured. However, more objective proxy 
measures of workload such as those based 
on behavioural or physiological measure-
ments can be useful in certain experimental 
circumstances. For example, better under-
standing the task demands involved in the 
use of modern anaesthetic monitors is an 
activity that would be suitable to the use of 
eye tracking techniques as a proxy measure 
of workload. The future of workload 
research in healthcare more generally may 
involve moving beyond workload assess-
ments of individuals doing work, to work-
load assessments of dynamic clinical teams 
doing collective work. Such developments 
not only will involve objective behavioural 
and physiological proxy measures of work-
load but will also likely involve the devel-
opment of new self-report measures of the 
direct experience of workload.
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