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Background: Cognitive task load can affect providers’ ability to perform their job well and may contribute to burnout.

Methods: The researchers evaluated whether task load, measured by the National Aeronautics and Space Administration
(NASA) Task Load Index (TLX), correlated with burnout scores in a large national study of US physicians between October
2017 and March 2018 with a 17.1% response rate. Burnout was measured using the Emotional Exhaustion and Deper-
sonalization scales of the Maslach Burnout Inventory, and a high score on either score was considered a manifestation of
professional burnout. The NASA-TLX was chosen to evaluate physician task load (PTL) due to its robust validation and
use across many industries, including health care, over the past 30 years. The domains included in the PTL were mental,
physical, and temporal demands, and perception of effort.

Results: Mean score in task load dimension varied by specialty. In aggregate, high emotional exhaustion, depersonaliza-
tion, and one symptom of burnout was seen in 38.8%, 27.4%, and 44.0% of participants, respectively. The mean PTL
score was 260.9/400 (standard deviation =71.4). The specialties with the highest PTL score were emergency medicine,
urology, anesthesiology, general surgery subspecialties, radiology, and internal medicine subspecialties. A dose response rela-
tionship between PTL and burnout was observed. For every 40-point (10%) decrease in PTL there was 33% lower odds of
experiencing burnout (odds ratio =0.67, 95% confidence interval = 0.65-0.70, p < 0.0001).

Conclusion: The relationship between PTL and burnout may suggest areas of particular focus to improve the practice

environment and reduce physician burnout.

H ealth care is an intrinsically complex field, and in the
wake of policy changes, an aging population with in-
creasingly complex comorbidities, health care reform, ad-
vances in medical knowledge, and electronic health record
adoption, it has been cited as one of the most complex in-
dustries ever created.’” This complexity is increasing at an
alarming pace and directly affects the day-to-day work of
physicians as they care for patients. There is no centralized
process to monitor the volume and impact of the increasing
administrative and cognitive burden on physicians,” and
the mounting complexity of their work may contribute to
the increased risk of burnout in physicians relative to work-
ers in other fields.*” The Quadruple Aim of health care
seeks to improve the work life of health care providers and
enable professional fulfillment and meaning in work. De-
spite this, and the evidence that workload stressors increase
burnout and intent to leave, little formal measurement has
been done to evaluate the degree and impact of this increas-
ing complexity and resultant cognitive workload, although
informal and colloquial discussions related to workload and
burnout have been described.®'!
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In 1973 Daniel Kahneman, the Nobel Prize-winning
psychologist known for his work in judgment, decision
making, and behavioral economics, posited that human be-
ings have limited cognitive resources available for atten-
tion.'” Cognitive load theory, popularized by Australian
psychologist Jonathan Sweller, added to this framework by
identifying limitations in working memory that humans de-
pend on to perform cognitive tasks.'> Working memory, a
fundamentally limited cognitive resource, is attenuated in
the presence of physiologic or emotional stress.'*"'® The
availability of working memory depends on external physi-
ologic or emotional stressors, the type of information being
processed, and the method of information delivery.

Cognitive load refers to the amount of working memory
used and has three components: intrinsic load, extraneous
load, and germane load (Figure 1). Insrinsic load refers to the
inherent complexity of the task. With the ever-increasing
complexity of patient care, this load is increasing. This load
is immutable. Extraneous load refers to the load imposed
by the way in which information is presented. Information
presented in a disorganized, redundant, or incomplete man-
ner presents high extraneous load and uses more working
memory. In contrast, standardization, lack of redundancy,
and synthesizing all pertinent data pieces to one location
and type of presentation reduces extraneous load. Germane
load is the workload of making mental models or learning.
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Figure 1: Working memory is the available awareness nec-
essary to complete any cognitive task. It is reversibly de-
pleted by three types of cognitive load: intrinsic, germane,
and extraneous.

This is the working memory devoted to synthesizing novel
information and expanding current mental models to in-
corporate new information. The workload imposed by ger-
mane load is highest for learners and those carly in their
career, although it remains a critical feature for all lifelong
learners in the age of ever-evolving medical knowledge. Un-
derstanding these types of loads as well as the impact of
stressors on available working memory is critical because
when cognitive resources are overwhelmed, new informa-
tion cannot be acquired or integrated, and critical data can
be lost.!”

Although a potential link between cognitive load and
burnout is intuitive, no large-scale study has evaluated
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the correlation between perception of these dimensions in
health care professionals.” In the present study, we evalu-
ated the cognitive load of a clinical workday in a national
sample of US physicians and its relationship with burnout
and professional satisfaction.

METHODS

The aim of this study was to evaluate the relationship be-
tween physician task load (PTL) and burnout scores. We
conducted a national survey of US physicians between Oc-
tober 2017 and March 2018. A description of the survey ad-
ministration process, participation rates, and demographic
characteristics of the overall sample was similar to prior
studies™” and has been previously reported.'® The physi-
cian sample for the survey was assembled using the Amer-
ican Medical Association (AMA) Physician Masterfile, a
nearly complete record of all US physicians independent of
AMA membership, and included physicians of all specialty
disciplines. Participation was voluntary, and all responses
were anonymous. As previously reported, 5,197 (17.1%)
of the 30,456 physicians who opened at least one invita-
tion e-mail and/or received a paper mailing of the survey
participated in the study.

An intensive secondary survey was sent to a random sam-
ple of 500 physicians who did not respond to the initial
electronic survey.!” These individuals were mailed a pa-
per copy of the survey with a $20 incentive to participate.
Physicians who did not respond to the initial mailing of the
secondary survey were sent a second mailing without addi-
tional compensation three weeks later. Twenty-four mailed
surveys were returned as undeliverable, yielding a final sam-
ple of 476. A total of 248 (52.1%) responded to the sec-
ondary survey. As previously reported, we found no statis-
tically significant differences in age, years in practice, mean
or median burnout scores, or satisfaction with work-life
integration (WLI) among participants in the inital elec-
tronic survey and the secondary survey with a higher re-
sponse rate. These findings support the absence of response
bias in the electronic survey respondents with respect to
burnout and satisfaction with WLI, which suggests that
participants were generally representative of US physicians
in these domains. Given this consistency with respect to
the experience of burnout and WLI, all responders were
pooled into a sample of 5,445 physicians for further anal-
ysis. Of these 5,445 physicians, the 5,276 (96.9%) who
wete actively practicing at the time of the survey were in-
cluded in the present analysis evaluating PTL in practicing
physicians.

Burnout Measurement

Responding physicians provided information on demo-
graphics (age, gender) and professional characteristics (spe-
cialty, practice setting, hours worked per week, nights on
call per week). Burnout was measured using the Emotional
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Figure 2: Four domains of PTL based on presence or absence of burnout symptoms. Significant difference between those

with and without burnout for all domains (p <.0001).

Exhaustion and Depersonalization scales of the Maslach
Burnout Inventory (MBI), a validated questionnaire con-
sidered the gold standard tool for measuring burnout.”’*’
Consistent with convention,?*?° we considered physicians
with a high score on the Depersonalization and/or Emo-
tional Exhaustion scales of the MBI to have at least one
manifestation of professional burnout.?” For Emotional Ex-
haustion and Depersonalization scales, if the responder was
missing at most one item from the individual scale, the full
scale score was imputed. The scores were not imputed and
were considered missing if a responder had more than one
missing item from a scale.

Task Load Index

The National Aecronautics and Space Administation
(NASA) Task Load Index (TLX) was chosen to evaluate
PTL.”® The NASA-TLX comprises six subscales: Mental
Demand, Physical Demand, Temporal Demand, Frus-
tration, Effort, and Performance. It was developed over a
three-year cycle including more than 40 laboratory sim-
ulations. Over the ensuing 30 years, the instrument has
been used across industries to evaluate the cognitive load of
work environments, including many health care environ-
ments.””?" The NASA-TLX consists of a total workload
score that is determined by adding the six subscales. Using
the prompt “Please reflect on a day you performed clinical
work during the last 1-2 weeks that is representative of a
typical current clinical workday,” survey participants rated
their perception of each individual demand type. The
scale ranged from 0 to 100 (100 being the highest level of
demand) with anchors of “very low” at the zero end of the

scale and “very high” at the high end of the scale. The per-
formance domain was also rated using the “very low/very
high” anchors, scored in reverse and renamed as reduced
performance. Accordingly, all items were scored such that
higher scores reflect greater demand in the respective
domain.

Some of the six components of the NASA-TLX explore
themes similar to the burnout construct (for example, frus-
tration and performance), and previous studies suggest that
four of the TLX items may be a more direct measure of task
load.”” To evaluate this aspect, we conducted a principal
component analysis with oblimin rotation and Kaiser nor-
malization to determine underlying patterns between the
six items of the NASA-TLX and the Emotional Exhaustion
and Depersonalization scales of the MBI. Two components
emerged from principal component analysis (Appendix 1,
available in online article). The scores of two items from the
NASA-TLX (frustration and reduced performance) clus-
tered as one component along with emotional exhaustion
and depersonalization scores, suggesting that these domains
of the NASA-TLX are measures of work-related distress
(along with measures of burnout) and would be expected
to be colinear with burnout measures (rather than repre-
sentative of a distinct factor affecting burnout). Consistent
with previous reports,”” the other four domains (effort, and
mental, physical, and temporal demands) clustered as a sep-
arate component distinct from emotional exhaustion and
burnout, indicating that together they are a distinct di-
mension. The four items in this distinct dimension were
summed to calculate the PTL score. (See “Statistical Anal-
ysis” for further details).
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Statistical Analysis

As described above, PTL score was calculated by adding
the scores for effort and mental, physical, and temporal de-
mand items for each physician (ranging from 0 to 400).
Missing data for any of the four items were documented
as missing the PTL score. Standard descriptive summary
statistics were used to describe the characteristics of our
sample. We used one-way analysis of variance (ANOVA)
and Welch’s ANOVA (to compensate for heterogeneous
variances where applicable) to examine the associations be-
tween categorical variables and PTL scores. A multivariable
logistic regression was used to assess the relationship be-
tween burnout and quintiles of PTL score (as a categor-
ical variable), age, gender (reference group: male), hours
worked per week, practice setting (reference group: private
practice), and specialty (reference group: internal medicine
subspecialty). These reference groups were selected to re-
main consistent with previous analyses.’’ All tests were
two-sided with type I error rates of 0.05. Analyses were
completed using SAS 9.4 (SAS Institute Inc., Cary, North
Carolina).

RESULTS
Participants

The 5,276 physicians who were actively practicing at the
time of the survey were included in this analysis. At least
one question of the NASA-TLX was completed by 4,641
(88.0%) physicians, and 4,517 (85.6%) responded to the
four items used to measure PTL. Appendix 2 provides the
descriptive characteristics of our sample, including 61.8%
who self-identified as male, 37.9% as female, and 0.3% as
other gender. The median age was 53 years. Twenty-four
specialties were identified, with 23.8% of respondents in
a primary care discipline. The internal medicine subspe-
cialty category represented the largest respondent group at
12.1%. The median weekly number of work hours was 50,
with the largest cohort reporting working between 50 and
59 hours per week. The median number of nights on call
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per week was 1, with the majority of respondents citing zero
on-call nights per week. Nearly half of respondents (49.7%)
identified as practicing in private practice, and 44.8% had
been in practice for 21 years or more. In aggregate, 38.8% of
participants scored in the high range for emotional exhaus-
tion, 27.4% scored in the high range for depersonalization,
and 44.0% had at least one symptom of burnout.

PTL Scores

The mean score for each individual subdomain of PTL
is presented in Table la. Physicians reported high mean
scores for mental demand and having to work hard to ac-
complish tasks (effort). The mean PTL score was 260.9
(standard deviation = 71.4). The specialties with the high-
est PTL score were emergency medicine, urology, anesthesi-
ology, general surgery subspecialties, radiology, and internal
medicine subspecialties with subtle variations across indi-
vidual PTL domains (Table 1b).

In addition to specialty, the PTL score varied by gender,
age, practice setting, number of hours worked per week,
number of nights on call per week, and years in practice
(Table 2). The individual domains of PTL (Appendices 3
and 4, available in online article) and the PTL score were
also strongly correlated with emotional exhaustion and de-
personalization scores, as well as the overall risk of burnout

(Appendices 5 and 6).

Multivariable Analysis

Table 3a displays the relationship between quintile of PTL
score and burnout, illustrating a dose response relationship
between increasing quintile of PTL and risk of burnout. Re-
spondents in the top quintile had a 67.8% rate of burnout
as opposed to the reference group of the bottom quin-
tile, with a 22.1% rate of burnout (odds ratio [OR] =7 .4,
95% confidence interval [CI] =6.01-9.10, p < 0.0001).
Table 3b displays the multivariable analysis examining the
relationship between burnout and quintiles of PTL score af-
ter adjusting for hours worked per week, age, gender, prac-
tice setting, and specialty. A dose response relationship was
observed between the PTL score and the risk of burnout af-

Table 1a. Physician Task Load (PTL)

Please reflect on a day you performed clinical work during Range Median Mean + SD
the last 1-2 weeks that is representative of a typical

current clinical workday.

How mentally demanding was the workday?* 0-100 75 70.5 £ 20.8
How physically demanding was the workday?* 0-100 50 472 +27.2
How hurried or rushed was the pace of the workday?* 0-100 70 67.2+250
How hard do you have to work to accomplish your level of 0-100 80 75.3+20.8
performance during the workday?*

PTL score! 0-400 270 260.9 £71.4

* Higher score unfavorable.

SD, standard deviation.

T Calculated only for individuals who provided a response for all four domains of PTL (n=4,517, mean score on a 400-point scale).
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Table 1b. Four Load Domains by Specialty with Color-Coded Quartiles
Means by specialty
Mental Demand |Physical Demand |Timd Demand |Effort Required |Sum PTL

Emergency medicine 75.8 55.8 81.4 82.0 369.8
Urology 71.5 62.7 77.4 78.4 353.7
General surgery subspecialty 69.1 61.7 65.8 75.5 343.9
General internal medicine 73.0 45.6 68.5 78.4 343.5
Internal medicine subspecialty 73.0 47.5 69.7 78.4 342.2
Radiology 78.9 42.5 71.7 78.4 341.6
Obstetrics and gynecology 69.1 50.5 69.5 73.8 337.6
Otolaryngology 67.2 50.2 74.6 77.1 336.9
Pathology 75.7 38.5 63.7 74.9 335.7
Neurology 74.7 43.3 65.2 73.2 335.5
Family medicine 71.4 41.0 68.2 77.5 335.3
Anesthesiology 67.1 61.2 72.7 73.6 334.5
General surgery 67.5 60.1 63.5 71.9 334.2
Radiation Oncology 68.9 40.0 64.1 73.4 333.5
Preventive medicine/Occupational medicine 68.4 49.1 60.9 71.6 324.1
General Pediatrics 66.7 44.0 66.4 73.9 323.2
Pediatric subspecialty 68.4 44.8 65.6 74.2 322.3
Neurosurgery 68.6 60.8 61.7 73.0 321.5
Dermatology 63.9 46.5 69.3 76.2 319.2
Physical medicine and rehabilitation 64.6 38.5 64.9 74.3 316.8
Orthopedic surgery 65.6 52.5 63.2 72.7 315.0
Ophthalmology 68.6 44.8 67.7 72.6 314.9
Other 65.2 39.8 57.8 70.2 304.6
Psychiatry 69.7 28.8 56.4 68.8 287.4
Minimum 63.9 28.8 56.4 68.8 287.4
25% 66.3 37.4 61.2 71.4 310.9
Median 68.7 46.0 66.1 74.1 334.3
75% 73.8 54.4 73.7 78.0 352.0
Maximum 78.9 62.7 81.4 82.0 369.8

ter adjusting for these factors. In another multivariable anal-
ysis using PTL as a continuous variable and adjusting for
the same variables, we found that a 4-point (1%) decrease
in average PTL score on the 0—400 scale was associated with
4% lower odds of experiencing burnout (OR=0.961, 95%
CI=0.957-0.966, p < 0.0001). For every 40-point (10%)
decrease in PTL score, there was 33% lower odds of expe-
riencing burnout (OR=0.67, 95% CI=0.65-0.70, p <
0.0001) In multivariable analysis, the logistic regression R-
square was 0.15 in comparison to 0.11 for the unadjusted
model with only PTL, suggesting that PTL is a significant
predictor of burnout independent of age, gender, specialty,
hours worked, and practice setting.

DISCUSSION

To our knowledge, this is the first large-scale national study
to evaluate the PTL associated with the daily clinical work
of US physicians. PTL varied widely by specialty and prac-
tice setting and was strongly associated with the risk of
burnout. Each of the four domains of the TLX demon-

strated a dose response relationship with emotional exhaus-
tion and depersonalization scores, as well as the risk of
burnout. The PTL score was strongly related to burnout
independent of age, gender, practice setting, specialty, and
hours worked per week.

Intriguing differences in PTL were also observed by
specialty, with many of the specialties at highest risk for
burnout also demonstrating high PTL scores. Not only did
the PTL score vary substantively by specialty, each specialty
had a unique profile with respect to the relative PTL inten-
sity of the four individual domains. Not surprisingly, several
surgical disciplines were associated with greater physical de-
mands, while other specialties had greater demands from
time pressure or mental demands. Emergency medicine,
which has frequently been found to be the specialty at high-
est risk for burnout, had the highest PTL score. Notably,
the associations between some specialties and the risk of
burnout (including emergency medicine) were attenuated
in our multivariate models after adjusting for the PTL score.

The highest mean TLX subdomain for all specialties
was effort required, followed closely by mental demand and
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Table 2. Relationship of Personal and Professional Characteristics with Summed Physician Task Load (PTL)
Sum PTL Score P Value*
Gender
Male 258.3 0.01
Female 265.0
Other 236.5
Age in Years
<35 261.9 < 0.0001
35-44 266.2
45-54 268.2
55-64 267.4
> 65 230.5
Primary Care!
Primary Care 260.3 0.70
Not Primary Care 261.2
Specialty
Anesthesiology 274.8 < 0.0001
Dermatology 255.9
Emergency medicine 295.3
Family medicine 257.9
Radiology 272.2
Neurology 256.7
Obstetrics and gynecology 263.5
Ophthalmology 255.7
Pathology 255.0
Physical medicine and rehabilitation 242.8
Psychiatry 224.0
Other 236.3
General internal medicine 266.4
Internal medicine subspecialty 269.4
General Pediatrics 251.2
Pediatric subspecialty 253.1
General surgery 265.3
General surgery subspecialty 272.6
Neurosurgery 264.4
Orthopedic surgery 253.7
Otolaryngology 269.1
Urology 290.0
Preventive medicine/Occupational medicine 250.0
Radiation Oncology 246.4
Hours Worked per Week
<40 2343 < 0.0001
40-49 243.9
50-59 263.4
60-69 272.4
70-79 286.3
> 80 295.4
Number of Nights on Call per Week
0 247.5 < 0.0001
1 267.7
2 272.8
3+ 266.2
Primary Practice Setting
Private practice 257.4 < 0.0001
Academic medical center 268.9
Veterans hospital 240.8
Active military practice 244.0
Other 260.1
Years in Practice
<10 265.8 < 0.0001
10-19 268.4
> 19 253.1
Burnout
Emotional Exhaustion < 0.0001
Low score 229.5
Intermediate score 265.8
High score 290.6
Depersonalization < 0.0001
Low score 245.8
Intermediate score 269.3
High score 284.5
Overall Burnout
No symptoms burnout 227.3 < 0.0001
1 symptom burnout (high EE or DP) 286.7 < 0.0001
* F-test: One-way analysis of variance (ANOVA) or Welch’s ANOVA where applicable.
T Primary care specialties include internal medicine-general, general practice, family medicine, obstetrics/gynecology and pediatrics-
general.
EE, emotional exhaustion; DP, depersonalization.
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Table 3a. Analysis Examining the Relationship Between Burnout and Quintiles of PTL Score

Quintiles of PTL* % Burnout! OR 95% Cl P Value
1st (reference group) 22.1 - = =

2nd 345 1.86 1.51-2.27 < 0.0001
3rd 46.2 3.02 2.47-3.70 < 0.0001
4th 54.5 4.21 3.43-5.17 < 0.0001
5th 67.8 7.40 6.01-9.10 < 0.0001

* Quintiles of PTL: 1: 0-205; 2: 206-250; 3: 251-285; 4: 286-320; 5: > 321.

t Burnout is defined as a high score on the Emotional Exhaustion (> 27) and/or Depersonalization (> 10) scales of the Maslach Burnout
Inventory.

PTL, physician task load; OR, odds ratio; Cl, confidence interval.

Table 3b. Multivariable Analysis Examining the Relationship Between Burnout and Quintiles of Sum PTL Score
After Adjusting for Hours Worked per Week, Age, Gender, Practice Setting, and Specialty

OR 95% Cl P Value
Quintiles of PTL* < 0.0001
1st (reference group, PTL < 205) - - -
2nd (PTL 206-250) 1.63 1.31-2.01 < 0.0001
3rd (PTL 251-285) 2.60 2.10-3.22 < 0.0001
4th (PTL 286-320) 3.66 2.94-4.55 < 0.0001
5th (PTL > 321) 6.61 5.28-8.28 < 0.0001
Hours worked per week 1.02 1.01-1.02 < 0.0001
Age in years 0.97 0.97-0.98 < 0.0001
Gender < 0.0001
Male (reference group) - — -
Missing/other 2.51 0.92-6.82 0.07
Female 1.36 1.17-1.57 < 0.0001
Setting 0.006
Private practice (reference group) - - -
Missing 2.59 0.72-9.29 0.14
Academic medical center 0.77 0.65-0.91 0.00
Active military practice 0.69 0.36-1.30 0.25
Other 1.08 0.90-1.29 0.44
Veterans hospital 0.92 0.58-1.46 0.73
Specialty 0.001
Internal medicine subspecialty (reference group) - - -
Missing 0.73 0.31-1.73 0.47
Anesthesiology 0.77 0.55-1.10 0.15
Dermatology 1.17 0.75-1.83 0.49
Emergency medicine 1.41 1.01-1.98 0.05
Family medicine 1.32 0.98-1.78 0.06
General Pediatrics 0.92 0.65-1.31 0.65
General internal medicine 1.04 0.77-1.39 0.82
General surgery 0.99 0.65-1.50 0.95
General surgery subspecialty 0.67 0.49-0.91 0.01
Neurology 1.67 1.14-2.46 0.01
Neurosurgery 0.57 0.30-1.08 0.09
Obstetrics and gynecology 1.09 0.74-1.60 0.68
Ophthalmology 0.99 0.63-1.53 0.95
Orthopedic surgery 0.87 0.61-1.23 0.42
Other 1.18 0.72-1.93 0.51
Otolaryngology 1.38 0.69-2.78 0.37
Pathology 0.79 0.51-1.23 0.30
Pediatric subspecialty 0.66 0.46-0.96 0.03
Physical medicine and rehabilitation 1.43 0.91-2.25 0.13
Preventive medicine/Occupational medicine 1.00 0.37-2.69 0.99
Psychiatry 1.14 0.84-1.54 0.41
Radiation Oncology 1.19 0.57-2.48 0.64
Radiology 1.05 0.73-1.52 0.79
Urology 0.93 0.41-2.10 0.86

* Quintiles of PTL: 1: 0-205; 2: 206-250; 3: 251-285; 4: 286-320; 5: > 321.
OR, odds ratio; Cl, confidence interval; PTL, physician task load.
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temporal demand. Although it is intuitive that mental de-
mand should be high in such a complex field, the tempo-
ral demand and effort required are system-based constructs
(examples of extraneous cognitive load) that are modifiable.
For example, offering processing and prior triaging of in-
basket messages and systems such as centralized prior au-
thorization for various tests and treatments decreases the
extraneous cognitive load of these tasks.

These observations have potential implications to reduce
PTL as a strategy to mitigate professional burnout, namely
focusing on system redesign. This redesign will be necessary
at both the micro (independent clinical level) and the macro
(Centers for Medicare & Medicaid Services regulations and
insurance regulations) level. Each workspace will need to
evaluate redundancy and inefficiencies in their workflow,
while governing and regulatory bodies need to consider the
downstream task load of mandates and reporting require-
ments, all of which contribucte to extraneous cognitive load.
For example, decreases in interruptions reduce the issue of
split attention of the provider and thus would decrease ex-
traneous load.'® This intervention has also been shown to
increase perception of teamwork and decrease stress, overall
workload, and risk of error.?>? The goal, ultimately, would
be to eliminate all extraneous load, allowing all load to be
used for features intrinsic to the task or germane to learn-
ing the task. It is also critical that interventions focus on the
workplace culture, because stress, which can be caused by
toxic work cultures, can decrease available working memory
and the ability to process information.'® Many examples of
interventions that focus on workplace culture have previ-
ously been discussed.***>

The results also provide a framework to think about vari-
ation in burnout by specialty highlighting which dimen-
sion(s) of PTL may represent the highest yield to target for
each specialty. Similarly, the degree of variation across sites,
highlighted by the standard deviation of 71.4 for PTL, in-
dicates that some specialties and clinical practice sites may
have best practices worth evaluating in pursuit of extrane-
ous load elimination. Each environment will need a tailored
evaluation specific to the cognitive load required for tasks in
that workspace. Areas of work that require a high degree of
elemental interactivity, or the need to attend to many items
at once, are common among the specialties with higher
TLX scores, as expected due to the resulting increase in in-
trinsic load. Unnecessary extraneous load added to a higher
intrinsic load is a recipe for overload. The ideal PTL is un-
clear, and further studies are necessary to identify a thresh-
old PTL over which patient care is likely to suffer. How-
ever, looking to specialties and work sites that have lower
PTL scores would be a good place to start the evaluation.
Because the four items from the NASA-TLX used to deter-
mine PTL are simple, free to use, and easy to administer,
they can be used to evaluate individual work units to focus
local efforts.
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The concept of PTL as a causal driver of burnout fits
the existing body of knowledge on cognitive load in fields
outside of medicine, but our results are cross-sectional and
cannot determine causality or the potential direction of ef-
fect between these dimensions. For example, it is possible
that physicians who are experiencing burnout have dimin-
ished resources to deal with task load and will perceive a
higher task load as part of the emotional exhaustion com-
ponent of burnout. Although longitudinal studies should
evaluate this relationship, both the effort required to com-
plete an average workday and burnout must be addressed
to optimize system performance and system approaches.”

Several factors other than specialty were also correlated
with higher PTL scores, including gender other than male,
younger age, increasing number of hours worked per week,
number of nights on call per week, practice setting with
the highest PTL reported in academic medical centers, and
years in practice with higher PTL in those with 10 to 19
years of practice. The PTL score increased with age to a
peak in the range of 45 to 55 years, with a subsequent de-
cline that could be explained by an expertise effect, which is
known to relate to cognitive load.'> When learning a new
skill set, significant cognitive energy is spent to build men-
tal models around new content (germane load). Cognitive
load subsequently decreases as expertise develops. This also
highlights the importance of providing an environment that
allows individuals to develop expertise, which may include
a different work intensity during the first several years in
practice, space for continuing medical education, and pro-
tected academic development time.

In addition to the development of expertise, extraneous
cognitive load can decrease with attention to minimizing
split attention, avoiding redundancy, and increasing stan-
dardization.'” Split attention is a common problem in clin-
ical settings, with pagers, interruptions, and alarms lead-
ing to alert fatigue, which can lead to errors.’® Redundancy
is often touted as a patient safety mechanism, while many
well-conducted studies have demonstrated the risk it poses
in overloading cognitive capacities.'® Finally, lack of stan-
dardization is rampant, with electronic health record cus-
tomization and many medical units in the same facility op-
erating with different policies and procedures.

Limitations

There are several potential limitations of this study, includ-
ing the correlation of PTL with burnout measures and our
relatively low response rate. There could be sample response
bias due to people who are overloaded being less likely to
respond, although we rigorously evaluated response bias in
secondary surveys and did not find bias based on burnout
scores or work-life integration scores. In addition, this is a
proof of concept study to display the relationship between
PTL and burnout. Further studies will need to be done to
determine causality. In addition, as detailed in our method-
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ology, no differences in the mean burnout score were iden-
tified between this sample size and the more intensively sur-
veyed, larger sample size, indicating a likely representative
sample. Finally, because the TLX was initially intended to
measure specific tasks, a future, more detailed study that
evaluates the task load of specific tasks, such as order entry,
discharging a patient, or obtaining insurance authorization,
might elucidate the highest task load activities in a clini-
cal workflow. Several types of workload assessments have
been evaluated in health care, including patient based and
operator based, and have demonstrated that the operator-
based TLX was the most reliable and valid questionnaire
to measure workload. Other studies show the TLX to
be a reliable measure of overall workload in health care
settings.””*"

CONCLUSION

This study identifies a strong association between PTL and
burnout. Although the directionality cannot be ascertained,
the relationship between PTL score and burnout provides a
framework to approach the practice environment by focus-
ing on cognitive ergonomics that improve how well systems
and processes are designed and implemented to fit capabil-
ities of the user and optimize use—for example, by evaluat-
ing the effort required to complete a task and the time de-
mand, and considering ways to decrease or distribute both.
Using this process to consider opportunities for standard-
ization and consolidation of similar work streams can de-
crease both effort and time required. Identification of ar-
eas in daily workflow that decrease standardization, increase
redundancy, and split attention are all potential targets to
reduce extraneous cognitive load. Even a modest decrease
in PTL was associated with a decrease in burnout, suggest-
ing standard process improvement has the potential to pos-
itively affect PTL using this lens. This knowledge offers
frontline providers and administrators the opportunity to
consider the impact of the overall PTL of new procedures,
policies, and quality improvement projects.
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