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ABSTRACT
Subjective workload measurements among critical care nurses in a Greek intensive care unit

of a small urban hospital: Prelimanary Results.

Aslanidis Th, Masoura N, Parisiadou P, Tetradi M, Tsakiri A, Kamparoudi Th, Zarda J,
Savoulidou S, Thomaidou E, Tragiani E, Moschona E, Nanopoulou P.

Patient care in Intensive Care Units is characterized be high demanding tasks, which lead in daily
high workload. In the present study, a questionnaire-based evaluation of ICU nurse’s workload was
conducted at the adult general 7 - beds ICU of a small urban hospital. NASA Task Load Index (TLX)
along with other two tools, used for the first time in healthcare environment: Instantaneous Self-
Assessment (ISA) and Crew Status Survey (CSS) were used for that purpose. Information about every
nurse’s professional background and basic demographics were also collected. Responses from 70%
of total nurse staff were collected. A total of 93 questionnaires (response rate=total shift coverage
40.25%) were included for further analysis while 2 questionnaires were excluded due to >50% of
missing answers. The overall average workload for the period in interest is little to moderate, yet
interesting variations do exist. Physical workloads seem to be highly related with both mental
workload and time pressure; yet the last two are not related. Increased workload is perceived during
morning shifts, and though there is variety in individually recordings, no relation was found between
measurements and other characteristics, such as work experience (total or ICU), age of nursing staff,
family status or time to work arrival. Subjective workload assessment via NASA TLX index, CSS

and ISA workload surveillance tool provide a useful method of early detection of group or individual

: ) ) increased workload that allows proper management
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INTRODUCTION

Intensive Care Unit (ICU) is very complex envi-
ronment, where the continuous integration of
both technological and medical progress on one
hand, and the dynamic character of the clinical
condition presented in each ICU case on the
other, poses great challenges to its staff. Patient
care is characterized by high demanding tasks,
which leads in daily high workload®2. The latter
has been identified as a major occupational
stressor and has been related to several adverse
effects, for ICU staff as well as for their patients®-
5.

Mental workload monitoring is identified early
as the key point in order to assure higher levels
of comfort, satisfaction, efficiency, and safety in
this workplace®.

Several tools have been developed for this pur-
pose and there is a trend of creation of more ori-
ented indices’®. Most of these methods fall into
the three following categories (a) performance-
based measures, (b) subjective measures, and (c)
physiological measures. The practical ad-
vantages of subjective procedures include their
ease of implementation, non-intrusiveness and
their capability to provide sensitive measures of
operator load” °1°, Therefore, they are the more
often used in the literature.

NASA Task Load Index (TLX) is a subjective
workload assessment tool to allow users to per-
form subjective workload assessments on opera-
tor(s) working with various human-machine in-

terface systems. It derives an overall workload
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(OW) score based on a weighted average of rat-
ings on six subscales:

a) Mental Demand (Ment), i.e. how much mental
and perceptual activity was required? Was the
task easy or demanding, simple or complex?

b) Physical Demand (Phys), i.e. how much
physical activity was required? Was the task
easy or demanding, slack or strenuous?

c) Temporal Demand (Temp), i.e. how much
time pressure did you feel due to the pace at
which the tasks or task elements occurred? Was
the pace slow or rapid?

d) Performance (Per), i.e. How successful were
you in performing the task? How satisfied were
you with your performance?

e) Effort (Ef), i.e. How hard did you have to
work (mentally and physically) to accomplish
your level of performance? and

f) Frustration (Fr).How irritated, stressed, and
annoyed versus content, relaxed, and complacent
did you feel during the task?

Coincidentally, these dimensions also corre-
spond to various theories that equate workload
with the magnitude of the demands imposed on
the operator or the operator’s ability to meet
those demands!*.Originally developed as a paper
and pencil questionnaire, it is currently used as
computerized version. In each subscale the score
varies between 0-100 (no workload to extreme
workload), with 5-point steps. Results can be an-
alyzed both as raw data or weighted scores. The

observer evaluates the contribution of each
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factor (its weight) to the workload of a specific
task, thus providing diagnostic information
about the nature of the workload imposed by the
task.

The Instantaneous Self- Assessment (ISA) is a
measurement method using five-point rating
scale that was originally developed at the
ATMDC (Air Traffic Management Develop-
ment Centre, National Air Traffic Services) to
assess mental workload in real time. ISA was de-
veloped as a tool that an operator could use to
estimate their perceived workload during real-
time simulations (from 1 = underutilized, to 5
means excessively busy)!**®. Even though the
method is low cost, requires little training, has
small data analysis requirements, and is sensitive
to specific task demands, there is no literature
about its application in healthcare domain.
Another useful tool is Crew Status Survey (CSS)
that was initially designed by USA Airforce
School of Aerospace medicine for assessing
workload (CSSw) and previous fatigue (CSSf) in
pilots throughout shifts. Again, despite its sim-
plicity and well concordance with other tools it
has never been used in healthcare domain®®.
Several other methods exist for operator-based
subjective workload: The Cooper-Harper Scale,
the perceived workload scale, the Subjective
Workload Assessment Technique (SWAT), the
Workload Profile (WP), the Rating Scale Mental
Effort (RSME) and the NASA-Task Load Index
(NASA-TLX). Yet, literature shows that the lat-

ter is a reliable and valid instrument and is more
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reliable and valid than other subjective workload
instruments’- /.,

The aim of the study is to evaluate ICU nurse’s
workload with the 3 aforementioned tools as part
of larger project of workload assessment in crit-
ical care.

METHODS

This prospective observational study was con-
ducted at the adult general 7- beds ICU, at Saint
Paul (““Agios Pavlos”) General Hospital, Thessa-
loniki (total of 225 beds) in Greece for a period
of 22 days (from 08 to 31 October). The study
took place while before COVID19 pandemic and
it consisted of measurements of ICU nurses’ 8-
hour shifts workload (total of 66 shifts). Shift
distribution was defined as: 07.00-15.00 morn-
ing, 15.00-23.00 afternoon and 23.00-07.00-
night shift. A previously validated translation of
NASA TLX index was used’®, while the other 2
tools were translated in Greek for the purpose of
the study by a professional medical writer and
tested beforehand by 2 ICU nurses. Information
about every nurse’s professional background
and basic demographics were also collected.
During study period there were 11 patients hos-
pitalized in the ICU (out of 123 for the same
year) with mean severity APACHE Il Score of
24.5.

A paper format survey was used with the ques-
tionnaires handed over by an observer/ consult-
ant with previous experience in the first applica-

tion of the tools in Greece®®,
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Explorative data analysis (EDA) was performed
with MS Excel 2020 (Microsoft Co, USA) and
Rstudio® IDE v.4.0.0 (Rstudio Inc, Boston,
MA, USA). Results are presented as descriptive
statistics are presented as mean (), standard de-
viation (S).

RESULTS

Responses from 70% of total nurse staff were
collected. A total of 93 questionnaires (response
rate= total shift coverage 40.25%) were included
for further analysis while 2 questionnaires were
excluded due to >50% of missing answers.

All responders were women. The mean age was
43 years (range 37-48) old. Mean total nursing
working experience was 18.25 years, while

mean nursing working experience in ICU was 13

years (range 5.5-22). All had technical institute
education background and one with master’s de-
gree; while 3 were holding student status during
the study (2 for obtaining master’s degree, one
for obtaining University degree). All but one,
was married with mean average of children
1.9/nurse. Mean arrival time to work is 18 min
(range 10-35). Medical history reveals that 30%
of the responder report chronical medical prob-
lem (50% regarding musculocutaneous prob-
lems).

Overall descriptive statistics in for the NASA
TLX index measurements conducted are dis-
played in Table 1, while boxplots of each sub-
scale for both categories is shown in Graph 1.

Table 1. Subscales raw and weighted scores as mean (standard deviation) rounded in the 2" decimal.

Raw scores Ment Phys Temp Per Ef Fr ow
x 43.48 47.85 41.45 37.71 51.56 28.89 11853.08
s 22.58 25.29 24.47 27.75 25.47 26.19 | 63628.28
Weighted scores Ment Phys Temp Per Ef Fr
X 0.17 0.23 0.13 0.21 0.17 0.09
s 0.09 0.08 0.07 0.09 0.08 0.01

Overall descriptive statistics for ISA and CSS
scales (fatigue and work) are displaying in table
2 and graph 2. Exploring workloads per shift is
revealing several interesting relations in Graph
3.

Correlations EDA is revealing that higher Temp,

Ef and Frare related with significantly increased
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ISA Score, while CSSf is highly related to high
Fr, Temp and Ef workload, (Table 3). Exploring
among NASA TLX indices measurement also
highly reveals relations between Ment/Phys and
Temp/Phys measurement raw recordings (linear,
correlation coefficient r> 0.71 and r? 0.75 respec-
tively) (Graph 4.)
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Graph 1. Side by side boxplots for each subscale of NASA TLX index.
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Table 2. Values for ISA and CSS tools.
Tool ISA CSS f CSSw
X 2.98 3.54 3.26
S 0.88 1.38 0.73
mean and standard deviation, right — boxplo
Graph 2. Values for ISA and CSS tools.
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Graph 3. Average values for NASA TLX, CSS subcategories and ISA per shift.
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Table 3. Relations between ISA and CSS and NASA TLX subcategories average values (raw data).

ISA CSsf CSSw Temp Ment Phys Perf Ef Fr

x x x x x x
5 6 4 75 30 60 25 70 90
4 4.26 4 65.43 60.22 72.82 21.31 74.56 50.65
3 3.44 3.14 37.21 43.25 43.95 32.63 47.59 23.72
2 2.34 2.58 225 24.58 26.67 45 31.25 11.67
1 3.57 3 16.42 24.28 24.28 50.71 32.85 10

Graph 4. Scatter plot between Phys/Ment and Temp/Phys subcategories (averages, raw data).
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Graph 5. Time trend of average values of each of NASA TLX subactegories per shift.
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No differences were found between weekends experience or age of nursing staff or other

and the rest of the days. Overall increase in the demographics factors.

recordings was noticed during admissions and DISCUSSION

intrahospital patient transfers for imaging Several associations with patients’ condition or

examinations; but not during discharges (either ICU environment and workload have been

dead or alive patients).
Finally, though there is variety in individually
recordings (Supplement File), no safe relation

could be found regarding total or ICU work
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revealed in previous reports. Thus, e.g., higher
workload demand was associated in the past
with physiological instability (respiratory
failure) and multiple severe trauma injuries in

male patients!® On the contrary, higher nursing
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workload seems to have a protective role for the
development of pressure ulcers®® Other studies
report that administrative problems, high ratio
of patients: nurse and mismatch of the

mismatch between the capacity of wards and

the number of patients may increase workload?°.

The type of the ICU and the shift also affects
workload: thus, lower scores are reported
during night shifts, in weekends and in Medical
ICU patients and higher during morning shifts
in Surgical ICU patients?? In Greece, there
are few studies that relate high nursing
workload with high mortality! and fever in
ICU??No significant relation was found
between workload (as measured by NASA-
TLX index) for performing a complex
monitoring task in ICU environment, and the
patient’s sedation level?®,

This the first study that evaluates workload with
NASA TLX index, ISA, and CSS tools in
nursing ICU staff. The overall average
workload for the period in interest is little to
moderate, yet interesting variations do exist.
Increased workload is perceived during
morning shifts when most of the ICU activities
usually taken place, and during night shifts,
which may be a result of the nature of the shift
(previous fatigue as measured by CSSf rather
than other factors. The last is in controversy
with previous reported studies?. On the
contrary, workload is not affected by the day of

the week (weekends or not) but is related to
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patients’ admission or transfer for imaging
examination.

Physical workloads seem to be highly related
with both mental workload and time pressure;
yet the last two are not related. The concomitant
use of the other two tools reveals additional
interesting relations. Thus, ISA score is related
to higher Temporal demand, effort, and
frustration. Regarding Frustration we noted
another interest fact that was noted via CSS tool.
Previous fatigue seems to be most related to
perceive Frustration than any other workload
subcategory.

No relation was found between measurements
and other characteristics, such as work
experience (total or ICU), age of nursing staff,
family status or time to work arrival. The latter
may by explained by the fact that the
homogeneity  of  the  aforementioned
characteristics in the responders’ group.
Previous studies also report that performance
did not depend on experience; thus, enforcing
the former hypothesis®*?¢, Nevertheless,
individual timelines recordings show large
variations (Supplement Files).

The present results provide a useful “workload
photograph” of the given ICU during the period
of interest; thus, no generalization of the results
could be made for other settings (e.g. more beds,
different type of patients) with different staff
composition and workflow organization. Apart
from that, further studies are needed with more

investigators and workload scales, either
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operator-based subjective ones’!® or scores
measuring activities (e.g., TISS-28, NAS)* to
reach a more definite conclusion about specific
factors that contribute to workload.

CSS tool seem useful to distinguish work-
related fatigue from previous to work fatigue
also for healthcare settings; yet again larger
studies could highlight more on this point.
Finally, due to pure observational character of
the present study, we did not apply any
strategies for reducing the overall group (staff)
or individual (personal) workload. Yet, since
the given ICU was converted in COVID
dedicated and major staff reorganization was
taken place since the first measurement, further
analysis is expecting to reach more safe
conclusions. Furthermore, we believe that a
continuous surveillance system should be
applied, so that i) early detection of increasing
workload trend could be feasible and ii)
individual working program arrangement could
be applied in case of selected cases. Thus, the
above surveillance system could provide on one
hand an additional “safety net” for avoiding
errors, staff burnout; and along with that, boost
productivity and overall outcomes of healthcare
providing?’3L,

CONCLUSION

Subjective workload assessment via NASA
TLX index, CSS and ISA workload
surveillance tool provide a useful method of
early detection of group or individual increased

workload, that allows proper management
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measures to be applied. Future studies will
provide the exact frame of these changes (how
and when to be decided) and could be a valuable
tool for ameliorating both workflow and

outcomes in ICUs.
REFERENCES

1. Kiekkas P,
Brokalaki H, et al. Association between nursing

Sakellaropoulos  GC,

workload and mortality of intensive care unit
patients. J NursScholarsh. 2008; 40(4):385-
390.

2. Schaufeli W, Le Blanc P. Personnel. In:
Miranda DR, Ryan DW, Schaufeli WB, Fidler
V, editors. Organisation and Management of
Intensive Care: A Prospective Study in 12
European Countries. Springer; 1998. pp. 169-
205.

3. Llenore E, Ogle KR. Nurse-patient
communication in the intensive care unit: a
review of the literature. Aust Crit Care. 1999;
12(4):142-145.

4. Lysaght RJ, Hill SG, Dick AO, et al.
Operator workload: Comprehensive review
and evaluation of workload

methodologies (No ARI Tech Report 851)
Fort Bliss, TX: U.S. Army Research Institute;
1989.

5. McManus IC, Keeling A, Paice E.

operator

Stress, burnout and doctors’ attitudes to work

are determined by personality and learning



The Greek E-Journal of Perioperative Medicine 2021;20(a): 36-47 (ISSN 1109-6888) www. e-journal.gr/
EManviko Teprodiko Iepieyyepnricng latpucng 2021;20(a): 36-47 (ISSN 1109-6888)www.e-journal.gr/

45

style: a twelve year longitudinal study of UK
medical graduates. BMC Med. 2004;2(29).

6. Sheridan T. Mental workload-What is
it? Why bother with it? Human Factors
Society Bulletin. 1980;23(2):1-2.

7. Rubio S, Diaz E, Martin J, et al.
Evaluation of Subjective Mental Workload: A
Comparison of SWAT, NASA-TLX, and
Workload  Profile  Methods.
Psychology: an International Review. 2004;
53(1):61-86.

8. Mark R.W, Jamie M.P, Neha M, et al.

Development and Validation of a Surgical

Applied

Workload Measure: The Surgery Task Load
Index (SURG-TLX). World J Surg. 2011;
35(9): 1961-1969

9. Belki¢ K. The occupational stress index:
an approach derived from cognitive
ergonomics and brain research for clinical
practice. Cambridge (United Kingdom):
Cambridge International Science Publishing;
2003.

10. Gaillard AWK: Comparing the concepts
of mental load and stress. Ergonomics. 1993;
36:991-1005.

11. Hart S. NASA TLX workload index: 20
years later. Proc Hum Factors and Ergonomics
Soc Ann Meeting. 2008;50 (9): 904-908.

12. Mohamed R, Raman M, Anderson J, et
al. Validation of the National Aeronautics and
Space Administration Task Load Index as a

tool to evaluate-the learning curve for

©2021 Society of Anesthesiology and Intensive Medicine of Northern Greece
©2021 ETaipeia AvaioBnoioloyiag kai Evratikig larpikig Bopegiou EAAGS0g

endoscopy training. Can J Gastroenterol
Hepatol.2014;28(3):155-160.

13. Hoonakker P, Carayon P, Gurses A, et
al. Measuring workload of icu nurses with a
questionnaire survey: the NASA task load
index (TLX). IIE Trans Healthc Syst Eng
2011; 1(2): 131-143.

14. Pozzi S, Babiloni F. A passive brain-
computer interface application for the mental
workload assessment on professional air
traffic controllers during realistic air traffic
control tasks. Prog Brain Res. 2016; 228:295-
328.

15. Marinescu AC, Sharples S, Ritchie AC,
et al. Physiological Parameter Response to
Variation of Mental Workload. Hum Factors.
2018;60(1):31-56.

16. Bennett AS. Pilot workload and fatigue
on short-haul routes: an evaluation supported
by instantaneous self-assessment and
ethnography, J Risk Res, 2018;21(5): 645-
677.

17. Nogueira L de S, Domingues C de A,
Poggetti RS, et al. Nursing Workload in
Intensive Care Unit Trauma Patients: Analysis
of Associated Factors. Salluh JIF, ed. PLoS
ONE. 2014;9(11):e112125.

18. Cremasco MF, Wenzel F, Zanei SS, et
al. Pressure ulcers in the intensive care units:

the relationship between nursing workload



The Greek E-Journal of Perioperative Medicine 2021;20(a): 36-47 (ISSN 1109-6888) www. e-journal.gr/
EManviko Teprodiko Iepieyyepnricng latpucng 2021;20(a): 36-47 (ISSN 1109-6888)www.e-journal.gr/

46

illness severity and pressure ulcer risk .J Clin
Nurs. 2013; (15-16):2183-2191.

19. Bahadori M, Ravangard R, Raadabadi
M, et al. Factors Affecting Intensive Care
Units Nursing Workload. Iranian Red
Crescent Med J. 2014;16(8):e20072.

20. Debergh DP, Myny D, Van Herzeele I,
et al. Measuring the nursing workload per shift
in the ICU. Intensive Care Med. 2012;
38(9):1438-1444.

21. Kiekkas P, Poulopoulou M, Papahatzi
A, et al Workload of postanaesthesiacare unit
nurses and intensivecare overflow. Br J
Nurs.2005;14(8):434-438.

22. Kiekkas P, Sakellaropoulos GC,
Brokalaki H, et al. Nursing workload
associated with fever in the general
intensivecareunit. Am J Crit Care 2008;
17(6):522-531.

23. Aslanidis T, Chatzis A, Kontos A, et al.
Workload during a complex 1CU monitoring
task: the effect of level of patients’ sedation
level and repetion of the task. Greek e -j
Perioper Med2017;16(b):39-52

24. Campagner AOM, Garcia PCR, Piva JP.
Use of scores to calculate the nursing
workload in a pediatric intensive care unit.
RevBrasTerlntensiva. 2014;26(1):36-43.

25. Schulz CM, Schneider E, Kohlbecher S,
et al. The influence of anaesthetists'
experience on workload, performance and

visual attention during simulated critical

©2021 Society of Anesthesiology and Intensive Medicine of Northern Greece

©2021 ETaipeia AvaioBnoioloyiag kai Evratikig larpikig Bopegiou EAAGS0g

incidents. J Clin Monit Comput. 2014;
28(5):475-480.

26. Byrne AJ, Murphy A, Mcintyre O, et al.
The relationship between experience and
mental workload in anaesthetic practice: an
observational study Anaesthesia
2013;68(12):1266-1272

27. Ruiz-Rabelo JF, Navarro-Rodriguez E,
Di-Stasi LL, et al. Validation of the NASA-
TLX Score in Ongoing Assessment of Mental
Workload During a Laparoscopic Learning
Curve in Bariatric Surgery. Obes Surg. 2015;
25(12):2451-2456.

28. Schulz CM, Skrzypczak M, Schneider
E, Hapfelmeier A, et al. Assessment of
subjective workload in an anaesthesia
simulator  environment: reliability —and
validity. Eur J Anesthesiol 2011;28(7):502-
505.

29. Byrne A, Soskova T, Dawkins J, et al A
pilot study of marking accuracy and
mentalworkload as measures of OSCE
examiner performance. BMC MedEduc.
2016;16:191.

30. Yurko YY, Scerbo MW, Prabhu AS, et
al. Higher mental workload is associated with
poorer laparoscopic performance as measured
by the NASA-TLX tool. Simul Healthc.
2010;5(5):267-271

31. Zheng B, Jiang X, Tien G, et al

Workload assessment of surgeons: correlation


https://www.ncbi.nlm.nih.gov/pubmed/?term=Schulz%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=21666543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Skrzypczak%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21666543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schneider%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21666543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schneider%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21666543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hapfelmeier%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21666543
https://www.ncbi.nlm.nih.gov/pubmed/21666543

The Greek E-Journal of Perioperative Medicine 2021;20(a): 36-47 (ISSN 1109-6888) www. e-journal.gr/
EManviko Teprodiko Iepieyyepnricng latpucng 2021;20(a): 36-47 (ISSN 1109-6888)www.e-journal.gr/

47

between NASA TLX and blinks. Surg Endosc. to reduce novices' stress. J SurgRes.
2012 ;26(10):2746-2750 2016;206(1):199-205.
32. Anton NE, Howley LD, Pimentel M, et

al. Effectiveness of a mental skills curriculum

Key words: workload, Intensive Care, NASA TLX index, Crew Status Survey (CSS), Instantaneous
Self- Assessment (ISA)

Author Disclosures:

Authors Aslanidis Th, Masoura N, Parisiadou P, Tetradi M, Tsakiri A, Kamparoudi Th, Zarda J,
Savoulidou S, Thomaidou E, Tragiani E, Moschona E and Nanopoulou P have no conflicts of interest

or financial ties to disclose.

Corresponding author:
Theodoros Aslanidis,
Doridos str. 4, PC 54633,
Thessaloniki, Greece,
tel:00306972477166,

email: thaslan@hotmail.com

©2021 Society of Anesthesiology and Intensive Medicine of Northern Greece
©2021 ETaipeia AvaioBnoioloyiag kai Evratikig larpikig Bopegiou EAAGS0g


tel:00306972477166

