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Abstract
Interruptions are frequent in healthcare and are thought to contribute to
medical errors. However, pausing workflow to address clinically significant
interruptions, known as task switching, is an important aspect of emergency care.
While prior studies have focused on primary task errors, no study has evaluated the
association of task switching on accuracy of interpretation of critical interruptions.
A quasi-experimental trial utilizing task switching and uninterrupted
simulations was created. Participants first completed a task-switching module,
viewing patient presentations with clinical interruptions requiring interpretation
every minute. Participants then completed an uninterrupted module, in which
patient presentations and clinical stimuli were completed sequentially and without
interruption. The primary outcome was the percent of electrocardiograms (ECGs)
correctly interpreted for ST elevation myocardial infarction (STEMI) during the
task-switching module compared to uninterrupted module.
Overall, 35 emergency providers completed the study. There was no
significant difference in mean percent correct (accuracy) of ECG interpretation for
STEMI in the task-switching scenario compared with the uninterrupted scenario
(Mean 0.89, 0.91 respectively, Paired T test p=0.21). Logistic regression using
generalized estimating equations revealed attending physician status (OR 2.56, CI
1.66-3.94, p<0.01) and inferior STEMI (OR 0.08, CI 0.04-0.14, p<0.01) were
associated with increased and decreased odds of correct ECG interpretation,
respectively. Further, self reported confidence was associated with increased odds
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of correct ECG interpretation in the task-switching module, but not in the
uninterrupted module. (Interaction p=0.02)
Results suggest that not all interruptions lead to error; factors such as
provider experience, type of interruption and confidence in interpretation all
influence the probability of error. Further research, both to identify factors
associated with medical errors interpreting interruptions as well as strategies to
avoid errors is needed.
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Introduction
Interruptions, events that transiently break attention from a primary task,
are common in emergency medicine; on average, emergency providers are
interrupted between 5 and 30 times per hour (1-4). The Institute of
Medicine’s landmark 2000 paper, To Err is Human, argued interruptions play
a role in medical errors. (5) According to cognitive theory, interruptions
force working cognitive resources temporarily away from a primary task,
leading to capacity and structural interference. This interference produces
information overload, disrupting normal cognitive processing and causing
errors. (6) Studies in psychology (7) aviation (8) and tactical decisionmaking (9) have corroborated the association of interruptions and errors in
the primary task.

However, the relationship of healthcare interruptions and clinical errors
remains uncertain. (10) While observational studies involving medication
order entry (11) and pharmacy dispensing (12) suggest associations
between interruptions and medical error, simulated experimental trials
evaluating interruptions during medication order entry (13), clinical
decision-making (14) and surgical procedures (15) have failed to
demonstrate a relationship to primary task errors.
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Further, most studies do not account for the importance of interruptions in
the clinical setting. Patient monitor alarms, urgent phone calls, and
interpretation of critical results are all examples of clinical interruptions that
provide important information that must be quickly and accurately assessed.
We found no studies that evaluate the relationship of task switching
(interrupted workflow involving switching between a primary task and
secondary interrupting tasks) and errors made in interpretation of clinically
important interruptions.

The goal of the study is to explore the relationship of interrupted, taskswitching workflow on interpretation of clinically important interruptions.
Specifically, the current study investigates emergency providers accuracy
interpreting electrocardiograms (ECG’s) for ST-Elevation myocardial
infarction (STEMI), a common critical action performed by emergency
providers, in a simulated interrupted environment.

Methods
A quasi-experimental crossover design, was created. The trial incorporated a
simulated task-switching environment as well as an uninterrupted
environment to assess emergency providers accuracy of ECG interpretation
for STEMI. The study was approved by the Baystate Medical Center IRB.
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Study Population
The study population included intern, resident and attending physicians
from the 3-year emergency medicine residency program at Baystate Medical
Center (BMC) BMC is a tertiary care hospital and STEMI receiving center
located in Springfield MA. Participants were recruited from November 2014
until January 2015. There were no exclusion criteria.

Study Design:
The study was comprised of two sections; a task-switching module designed
to simulate interrupted workflow in the emergency department and an
uninterrupted module designed to mirror a test or examination setting.
Participants completed both the task switching and uninterrupted modules
during a scheduled 1-hour session. In an attempt to maximize external
validity and avoid priming bias (memory of a practiced stimulus influencing
subsequent stimuli), all participants completed the task-switching module
first and the uninterrupted module second. Verbal consent was obtained
prior to the start of the simulation; participants were told the goal of the
study was to evaluate how interruptions affect clinical decision-making.

In the task-switching module, participants viewed four pre-recorded patient
presentations, with the stated goal of remembering as many details from
each presentation as possible. During the presentations, participants were
interrupted every minute with various clinical stimuli, including chest x-rays
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(CXR), “triage” ECG’s and critical laboratory values from unrelated patients.
Participants were asked to quickly evaluate the interruption for any
actionable findings and then return to the patient presentations. To avoid
revealing the primary outcome, actionable findings were openly defined as a
discovery on the clinical stimuli that would require the patient be
immediately brought from triage for clinical evaluation. During interruptions,
patient presentations paused for 15 seconds to allow interpretation of
stimuli. If needed, participants were allowed more time to interpret the
stimuli, however, the patient presentations resumed automatically after 15
seconds. Once interpreted, participants placed clinical stimuli face down to
the side.

In the uninterrupted module, participants listened to an additional four prerecorded patient presentations sequentially and without interruption.
Participants then evaluated a second group of clinical stimuli (CXR, ECG,
laboratory values) for critical findings, however, without formal time
constraint so as to mimic an examination setting.

After finishing each module, participants completed a written examination,
evaluating their memory of patient presentation details as well as their
ability to formulate a differential diagnosis on each patient. Figure 1
illustrates participant’s flow through the simulation.
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Figure 1: Diagram of participant flow through simulation.
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Presentation Videos
Two presentation videos (A and B) were developed for the study by the
principal investigator, WS, and evaluated for content validity by author and
content expert TM. Each video consisted of four, 4-minute presentations of
fictitious emergency medicine patients by a simulated provider. Patient
presentations were designed to be complex with multiple possible diagnoses.
To ensure equal difficulty, presentations were matched by number of items
in the history of present illness, past medical history, past surgeries,
medications, allergies and physical exam. Table 1 highlights factors matched
in patient presentations. Videos were recorded using Camtasia for Mac
software package.
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Table 1. Factors Matched for Patient presentation

Type
Problem
History
Surgeries
Meds
Allergies
Exam
Type
Problem
History
Surgeries
Meds
Allergies
Exam
Type
Problem
History
Surgeries
Meds
Allergies
Exam
Type
Problem
History
Surgeries
Meds
Allergies
Exam

Group A
Gen Adult
Chest Pain
4
1
6
0
8
Group A
Elderly
AMS
5
2
5
1
8
Group A
Pediatrics
Abd. Pain
1
1
1
1
5
Group A
Trauma
MVC
3
0
2
1
6

Group B
Gen Adult
Abd pain
4
1
5
0
6
Group B
Elderly
Back Pain
5
2
5
1
8
Group B
Pediatrics
Vomiting
1
1
1
1
6
Group B
Trauma
Assault
3
1
2
1
6
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Examinations testing memory of patient presentation details as well as
ability to synthesize a differential diagnosis were created. Each examination
consisted of 20 questions. Four questions per patient involved recall of
specific details including chief complaint, past medical history, medications
and physical exam abnormalities. The last question asked participants to
create a differential diagnosis for the case. Each test was graded out of a total
of 36 points.

Clinical Stimuli Packets
Two unique clinical stimuli packets (1 and 2) were developed for the study
by the primary investigator, WS. Each clinical stimuli packet contained 13
ECG’s, 4 CXR’s, and 3 fictitious laboratory values.

Permission was obtained from the WaveMaven ECG teaching website to
utilize their published ECG’s in the current study. WaveMaven is a database
of thousands of de-identified online ECGs validated by cardiology diagnosis
and rated by difficulty. (Nathanson L A, McClennen S, Safran C, Goldberger AL.
ECG Wave-Maven: Self-Assessment Program for Students and Clinicians.
http://ecg.bidmc.harvard.edu.)

Each stimuli packet contained unique ECG’s, matched by diagnosis and
difficulty rating. Specifically, each packet contained 5 ECG’s with STEMI, 4
normal ECG’s and 4 ECG’s with non-critical findings (e.g. benign early
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repolarization, left ventricular hypertrophy, right bundle branch block). Deidentified CXR’s and laboratory values, both normal and abnormal, were
added to conceal the primary outcome of interest. Finally, each clinical
stimulus included a section for participants to rate their confidence in their
answer on a Likert scale from (1) “None” to (5) “Sure”. Figure 2 shows
examples of clinical stimuli.
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Figure 2. Representative examples from Clinical Stimuli Packet A of an ECG
stimulus, a CXR stimulus, and a Lab value stimulus.
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Validation of Clinical Stimuli
Once created, stimuli packets were piloted in a cohort of 12 attending and
senior resident emergency physicians to ensure concordance of difficulty
between tests. These providers were not affiliated with Baystate Medical
Center and did not participate in the study. They were asked to evaluate
selected ECG’s for STEMI and rate their confidence for each ECG
interpretation (5 point Likert range 0%-100%). Table 2 demonstrates mean
scores of participants for ECG’s in test A and b with associated mean
confidence levels. No difference in mean percent correct was found overall
(Test 1 mean= 0.91, SD=0.1, Test 2 median = 0.89, SD = 0.08 Paired T Test
p=0.39).

Table 2. Mean participant scores and confidence in validation group.

Test A

Test B

STEMI mean(SD) 0.87 (0.13)
Confidence mean
0.86

0.82(0.13)
0.8

non STEMI mean(SD) 0.97(0.08)
Confidence mean
0.83

0.96(0.06)
0.82

Total mean(SD)
Confidence mean

0.91(0.1)
0.84

0.89(0.08)
0.81

Given that participants were senior residents and attending physicians
evaluating specifically for STEMI in an untimed environment and still only
scored 80%-90%, it was thought the test would be adequately difficult for
the proposed study.
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Randomization
To control for potential unmeasured differences in difficulty of patient
presentations and clinical stimuli, participant were randomized to which
patient presentation video (A or B) and which clinical stimuli (1 or 2) they
received in the task-switching module (the other patient presentation video
and clinical stimuli were administered in the uninterrupted module.) Block
randomization into groups of 4 was performed using online randomization
software, http://www.randomizer.org/. Participants were not randomized
by position (Table 3).

Table 3. Randomization of participants overall and by position.

Overall
Stimuli 1
Stimuli 2

Scenario A
8
9
17

Scenario B
9
9
18

17
18
35

Scenario A
3
2
5

Scenario B
0
3
3

3
5
8

Scenario A
2
4
6

Scenario B
5
1
6

7
5
12

Scenario A
3
3
6

Scenario B
4
5
9

7
8
15

Interns
Stimuli 1
Stimuli 2
Senior Res
Stimuli 1
Stimuli 2
Attending
Stimuli 1
Stimuli 2
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Primary Study Outcome
The primary study outcome was defined as difference in accuracy of ECG
interpretation for STEMI in the task-switching module compared to the
uninterrupted module. Accuracy was defined as the mean sum of true
positive and true negative interpretations divided by the total number of
ECG’s, or mean percent correct. A true positive interpretation was coded if
participants correctly indicated a critical finding on the STEMI ECG with a
corresponding written diagnosis of STEMI (or equivalent). A true negative
interpretation was coded if participants correctly indicated no critical
findings on normal / non-critical ECG’s, or if participants indicated a critical
finding unrelated to the primary outcome (such as atrial fibrillation or right
bundle branch block).

Secondary Outcomes
Secondary study outcomes included differences in mean sensitivity and
mean specificity of ECG interpretation for STEMI. Sensitivity and specificity
were calculated for each participant during each module; means across
participants were then used in final analysis. Additionally, recall of patient
presentations, measured as the mean difference in written patient scenario
examination scores (scenario exam), between task-switching and
uninterrupted modules was evaluated.

13

Explanatory variables with hypothesized relationships to accuracy of ECG
interpretation of STEMI were defined a priori for evaluation in a generalized
logistic model. These covariates included provider experience (intern, senior
resident, attending), score on written patient evaluations, type of ECG (nonSTEMI, anterior / lateral STEMI, inferior/posterior STEMI) and confidence in
stimuli interpretation (Likert, 1, none to 5, sure).

Statistical Analysis
Data were initially summarized using nonparametric descriptive statistics
and hypothesis testing. However, on further analysis, results of parametric
testing were similar to nonparametric counterparts and offered a more easily
interpretable format. Therefore, data were presented using parametric
descriptive statistics and hypothesis testing.

Paired sample hypothesis testing using Paired T tests was performed to
evaluate differences in overall ECG accuracy, as well as differences in mean
sensitivity, mean specificity and memory of patient presentations.

Given limited sample size and multiple predefined covariates, repeated
measures logistic regression using odds of correct interpretation of each
individual ECG as a binary outcome was utilized. Generalized estimating
equations (GEE) with the exchangeable working correlation matrix structure
were employed to account for non-independence of outcomes in the logistic
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regression model. Clinically relevant explanatory variables defined a priori
were incorporated into the GEE model. Confidence demonstrated
nonlinearity and was transformed for analysis into a dichotomous variable
(low confidence = Likert 1-3, high confidence = Likert 4-5).

To evaluate for the presence of effect modification, variables including
position, type of ECG and self reported confidence in interpretation were
selected a priori for analysis as interaction terms with interrupted status
(task switching module versus uninterrupted module) in the GEE model.

All statistical analyses were performed using SAS software 9.4 (SAS Institute,
Inc., Cary, NC)) and R statistical software. 2014. (R Foundation for Statistical
Computing, Vienna, Austria). P-values < 0.05 were considered statistically
significant.

GEE Model Building Process

Initially, a generalized logistic regression model was created to further
explore cofactors associated with ECG interpretation. As such, individual ECG
interpretation for STEMI was used as the dichotomous outcome, grouped by
participant (total n=910 with 26 ECG’s for each of the 35 participants).
Because the values of the outcome are not statistically independent,
Generalized Estimating Equations were utilized to account for correlated
clusters of participant data using a compound symmetry correlation matrix.
15

Covariates included interruption group (dichotomous, task switching or
uninterrupted), position (categorical, intern, senior resident, attending
physician), type of ECG (categorical, normal or no STEMI, Anterior STEMI,
Inferior STEMI), scenario exam scores (continuous score) and Confidence of
ECG interpretation (continuous score). Table 4 below demonstrates the
counts of correct and incorrect ECG interpretation, stratified by covariates, in
the long data set form.
Table 4: Summative data of correct / incorrect interpretation of individual
ECG’s, total and stratified by covariates. Scenario Exam is reported as mean,
standard deviation. Confidence is reported both as mean, standard deviation
as well as count. All other data is reported as count.

Correct
Incorrect
ECG (n=817) ECG (n=93)

Variable
Interruption
Task Switching
404
Uninterrputed
413
Position
Intern
177
Senior Res
275
Attending
365
Type of ECG
Normal
532
Anterior STEMI
201
Inferior STEMI
84
Scenario Exam (SD)
26.6(4.1)
Confidence (SD) 4.06 (0.91)

51
42
31
37
25
28
9
56
26.5(4.2)
3.41 (0.96)

Using restricted cubic spline method, we evaluated the two continuous
covariates, Scenario Exam Scores and Confidence, for linearity. Scenario
Exam Scores demonstrated linearity while Confidence appeared non linear.
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Further, the two continuous covariates, Scenario Exam Scores (below as
patient scenario scores) and Confidence, were evaluated for normality with
QQ plots .

The QQ plot for Scenario Exam scores suggests a slight left skew. We
attempted transformation of the Scenario Exam Score by squaring results
(x^2). This did not appear to significantly improve the distribution according
to the QQ plot. Further, Scenario Exam Score and the transformed Scenario
Exam Score demonstrated linearity using restricted cubic splines method.
Therefore, for simplicity, Scenario Exam scores were kept as a continuous
variable.

Regarding Confidence, the QQ plot demonstrates a heavy tail left skew
distribution, indicating many points at the extreme rather than the center.
We attempted to correct by transformation (x^2 and x^3), however, this did
not appear to improve distribution. Further, as stated above, confidence
demonstrated non-linearity using restricted cubic splines method. Therefore,
it was decided to treat confidence as a non-continuous variable. Given the
relatively limited number of outcomes (90), ordinal transformation did not
seem appropriate Therefore, we chose to dichotomize confidence into two
scores, low confidence (1-3) and high confidence (4-5) based on the
distribution of scores by figure 3. Table 5 summarizes the new Confidence
dichotomous variable compared to prior continuous and ordinal grouping.
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Figure 3. Interaction of confidence by interruption of probability of correct ECG
interpretation
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Table 5. Confidence variable as continuous, ordinal and dichotomous

Variable
Confidence (SD)
Confidence (ordinal)
Low 1
2
3
4
High 5
Confidence (Dichot)
Low (1-3)
High (4-5)

Correct
Incorrect
ECG (n=817) ECG (n=93)
4.06 (0.91) 3.41 (0.96)
8
34
168
297
310

4
9
35
35
10

210
607

48
45
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The final full GEE logistic regression model is as follows:
Logit(Correct Score)=Interrupted (0,1)+Position (0,1,2)+Type of ECG (0,1,2)+
Scenario Exam (continuous) +Confidence of ECG (0,1)

Power Analysis
Using Paired T-test, with a two-tailed alpha of 0.05, power analysis estimated
that 33 participants would allow a power of 0.9 to demonstrate a 0.1
difference in accuracy, or, an approximate difference of 2 ECG’s in 26
presented for interpretation, with a standard deviation of 0.20.
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Results
Thirty-five emergency providers completed the study, including 8 intern, 12
senior resident and 15 attending physicians. Years in emergency medicine
ranged from less than 1 year to 47 years (median 3 years, 25th,75th
percentile= 2,10).

Performance of Study Materials
Irrespective of module (task switching or uninterrupted), participants mean
accuracy on ECG’s in clinical stimuli 1 was not significantly different than
mean accuracy scores on ECG’s in stimuli 2, (mean 0.9, SD 0.08, mean 0.9, SD
0.08 respectively, p = 0.91). Mean scores on the scenario exams also did not
demonstrate significant differences across modules (Scenario exam A = 0.73,
SD 0.12, Scenario Exam B = 0.75,, SD 0.11 Paired T Test p = 0.23).

Primary Outcome
Emergency providers mean accuracy on identification of STEMI by ECG was
not significantly different during task switching than during uninterrupted
modules (Task Switching=0.89, SD = 0.08, Uninterrupted=0.91, SD = 0.08,
p=0.21) Table 6 demonstrates overall mean scores as well as scores stratified
by clinical position.
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Table 6. Mean accuracy in task switching and uninterrupted modules, overall
and stratified by position. Hypothesis testing using Paired T test.

All Participants (n=35)
Mean Accuracy
SD
Interns (n=8)
Mean Accuracy
SD
Senior Resident (n=12)
Mean Accuracy
SD
Attendings (n=15)
Mean Accuracy
SD

Task Switching

Uninterrupted

p-value

0.89
0.08

0.91
0.08

0.21

0.82
0.08

0.88
0.09

0.17

0.88
0.09

0.88
0.08

0.81

0.93
0.05

0.94
0.05

0.38

Secondary Outcomes
Overall, mean sensitivity of ECG interpretation for STEMI in the taskswitching module was 0.82 (SD=0.13) compared with mean sensitivity in the
uninterrupted module of 0.81 (SD = 0.18, p=0.84). Specificity of ECG
interpretation for STEMI trended toward decreasing in the interrupted
scenario (0.90, SD = 0.19) compared to the uninterrupted scenario (0.97,
SD=0.07, p=0.07). Stratified by clinical position, there were no significant
differences in mean sensitivity between task-switching and uninterrupted
scenarios. Regarding mean specificity, interns demonstrated a trend toward
increased specificity in the uninterrupted clinical environment, (task
switching = 0.8, SD = 0.13, uninterrupted=0.94, SD = 0.09, p=0.08) however,
this was not seen in senior residents and attending physicians (Figure 4)
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Figure 4: sensitivity and specificity of participants, by position in the
interrupted and uninterrupted clinical environments.
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Mean scores on scenario exams were not significantly different in the task
switching and uninterrupted modules (task switching = 26.7 out of 36, SD =
4.24, uninterrupted=26.5 out of 36, SD 4.18, p=0.80). (Table 7)

Table 7. Mean scores on scenario exams, overall and by position

Task Switching Uninterrupted
All Participants (n=35)
Mean Score (out of 36)
SD
Interns (n=8)
Mean Score (out of 36)
SD
Senior Resident (n=12)
Mean Score (out of 36)
SD
Attendings (n=15)
Mean Score (out of 36)
SD

p-value

26.7
4.2

26.5
4.1

0.80

26.8
4.7

26.3
2.1

0.82

26.0
4.1

28.0
5.2

0.19

27.1
4.3

25.3
3.8

0.08
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Regression Analysis
GEE Logistic regression analysis found that an interrupted environment was
not significantly associated with the odds of correctly interpreting ECG’s for
STEMI (OR 0.81, CI 0.58-1.12, p=0.32). Covariates that were related to
correct interpretation of ECG included attending clinical position (OR 2.56, CI
1.66-3.94, p<0.01) and self reported confidence in individual ECG
interpretation (OR 3.10, CI 2.14-4.50, p<0.01). Presence of an inferior STEMI
was associated with decreased odds of correct ECG interpretation (OR 0.08,
CI 0.04-0.14, p<0.01). Table 8 demonstrates univariate and full model GEE
logistic regression results.
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Table 8: Logistic Regression (univariate and full model) using generalized
estimating equations for cofactors associated with correct ECG interpretation
for STEMI. Low confidence was defined as a self reported Likert score of 1-3,
whereas high confidence was defined as a self reported Likert score of 4-5.

Variable
Scenario
Uninterrupted (base)
Interrupted
Position
Intern (base)
Senior Res
Attending
Type of ECG
Normal (base)
Anterior STEMI
Inferior STEMI
Mean Scenario Exam
Confidence
Low (1-3) (base)
High(4-5)

GEE Univariate
OR
CI
p value
1.00
0.81
1.00
1.30
2.56

0.58-1.12

0.80-2.13
1.66-3.94

GEE Full Model
OR
CI
p value

0.32

1.00
0.80

0.51-1.24

0.31

0.26
<0.01

1.00
1.29
2.40

0.68-2.47
1.42-4.05

0.44
<0.01

0.30-2.03
0.03-0.11

0.61
<0.01

1.00
1.17
0.08

0.44-3.13
0.04-0.14

0.67
<0.01

1.00
0.78
0.06

1.01

0.96-1.05

0.83

1.01

0.96-1.06

0.62

1.00
3.10

2.14-4.50

<0.01

1.00
3.68

2.26-6.01

<0.01

Regarding interaction effects between interrupted environment (taskswitching or uninterrupted modules) and covariates, the interaction of
interrupted environment with confidence reached significance (p=0.02). In
an interrupted environment, decreased confidence was associated with
lower odds of correct ECG interpretation, compared with an uninterrupted
environment. Position and ECG type demonstrated no significant interaction
in predicting correct ECG interpretation. Figure 5 demonstrates the
interaction of confidence and interrupted environment on the estimated
probability of correct ECG interpretation.
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Figure 5: Interaction effect of confidence and interrupted environment on the
estimated probability of correct ECG interpretation for STEMI. Low confidence (red)
refers to Likert scores of 1-3 whereas high confidence (blue) refers to Likert scores
of 4-5. The p value for the interaction was 0.02
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Residual Analysis
With regards to residuals, Cooks distance were graphed, both for individual
records (Figure 6) as well as grouped by participant ID (Figure 7) to evaluate
for statistical outliers that could unduly influence our model.
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Figure 6: Cooks distance for individual records
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Individual record outliers 699, 478, 621 and 623 (demonstrated above) were
further explored, no data entry errors were found. The outlying records were
excluded from the full GEE model in stepwise fashion with no significant
change in associations or estimates.

Figure 7: Cooks distance grouped by participant.

Participant 465
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Clustered Cooks Distance demonstrated one full participant ID #465, with
possible excessive influence. No data entry errors were found. The outlying
record ID was excluded from the full GEE model, again, with no significant
change in overall correlations.

Table 9 below summarizes the original GEE full model with all records and
participants, compared to models that: a) excluded 2 records with most
influence, b) excluded 4 records with most influence c) excluded 1 whole
participant with most influence.

Table 9: GEE full model compared with model excluding 2 records, 4 records
and 1 participant.
GEE Full Model
Excluding 2 records
Excluding 4 records Excluding 1 participant
OR
SE p value OR
SE p value OR
SE p value OR
SE p value

Variable
Interruption
Position
Intern (base)
Senior Res
Attending
Type of ECG
Normal (base)
Anterior STEMI
Inferior STEMI

0.80

0.21

0.31

0.79

0.21

0.31

0.84

0.24

0.46

0.81

0.24

0.38

1.00
1.29
2.40

0.31
0.25

0.44
<0.01

1.00
1.28
2.32

0.33
0.27

0.44
<0.01

1.00
1.38
2.45

0.33
0.27

0.28
<0.01

1.00
1.55
2.50

0.32
0.27

0.17
<0.01

1.00
0.78
0.06

0.49
0.31

0.61
<0.01

1.00
1.00
0.06

0.61
0.34

0.98
<0.01

1.00
1.45
0.06

0.61
0.34

0.54
<0.01

1.00
1.14
0.06

0.52
0.34

0.8
<0.01

Scenario Exam

1.01

0.02

0.62

1.01

0.02

0.89

1.01

0.02

0.56

1.03

0.03

0.31

Confidence ECG

3.68

0.43

<0.01

3.62

0.25

<0.01

3.27

0.24

<0.01

3.43

0.25

<0.01

Sensitivity Analysis
Given the assigned dichotomous definition of confidence, a sensitivity
analysis of the interaction effect of the dichotomous confidence score
redefining a low score as Likert 1-2 and high score as Likert 3-5 was
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conducted. The interaction of confidence*interruption remained significant,
(OR 15, p<0.01).

Discussion
The current study evaluated clinical interruptions in a simulated taskswitching environment compared with an uninterrupted environment,
focusing on accuracy of the interrupting task, ECG interpretation for STEMI.
Interpretation of screening ECG’s for STEMI represents a common
interrupting task that requires immediate attention. STEMI is regarded as a
medical emergency; delays in diagnosis result in increased morbidity and
mortality (16-18). As such, guidelines recommend patients presenting with
chest pain have a screening ECG for STEMI performed and interpreted by an
emergency provider within 10 minutes of arrival to the ED. (19)

Studies evaluating emergency provider’s accuracy in interpreting ECG’s for
STEMI show significant variability. (20-25) Our results, demonstrating that
provider experience associates with improved accuracy of ECG
interpretation for STEMI are consistent with prior literature. Further, ECG
difficulty, as measured by both type of ECG (specifically inferior STEMI) and
lower self-reported confidence in interpretation, also were associated with
decreased accuracy of interpretation, consistent with past studies (26)
However, contrary to our initial hypothesis, accuracy of ECG interpretation
did not significantly change in a task switching environment compared to an
uninterrupted environment, even after adjusting for these factors.
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There are many possible reasons why an interrupted environment was not
associated with ECG interpretation. First, it is possible that the ECG’s selected
for the clinical stimuli were not challenging enough. To avoid ambiguity in
interpretation, ECG’s were specifically selected based on published ACC/AHA
guidelines for STEMI (19). Easier ECG’s selected for interpretation may have
limited the impact of the interruption on working memory, causing no
measurable disruption in task performance. However, despite the selection
of unambiguous ECG’s, provider’s accuracy, on average, was only 80%-90%,
both in the pilot cohort as well as the main study population. Additionally,
significant differences in accuracy were found in subgroups in which we
expected a difference based on the literature, including by position (intern,
senior resident, attending) and by type and difficulty of ECG.

Second, it is possible that the time to complete interpretation of
interruptions, 15 seconds, was too long to overload working memory. The
decision to pause for 15 seconds to allow evaluation and interpretation of
clinical stimuli was based on subjective observations of emergency providers
as well as a simulated practice session with author and experienced
emergency physician TM. If the pause to interpret clinical interruptions was
too long, it may have allowed the participant to engage in strategies, such as
priming, to decrease the strain on working memory. However, our clinical
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experience during the simulation session found that many participants
utilized 15 seconds or more to interpret the clinical stimuli.

Finally, it is possible that task switching workflow had less of an effect on
errors than previously thought. It is suggested in prior literature that not all
interruptions have the same effect on working memory. Interruptions that
are longer, use similar cognitive resources, and occur in the middle of the
primary task often lead to worse performance. (27-29) Our clinically based
simulation utilized patient scenarios (auditory and visual cognitive modality)
and short, interrupting clinical stimuli (primarily visual cognitive modality).
It is possible that the length and nature of the interruption itself may have, in
an emergency physician trained to interpret STEMI, only minimally stressed
working memory, leading to no obvious difference in overall error rates with
and without interruption.

However, when we examine the subgroup of difficult to interpret ECG’s, as
determined by providers confidence scores, we find interruptions decreased
odds of correct interpretation, suggesting those ECG’s that required
increased cognitive resources to interpret suffered decreased accuracy in the
task switching environment.

Overall, not all interrupted clinical tasks are prone to error. Specifically,
those clinical stimuli where providers indicated high confidence in correct
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diagnosis had no significant difference in error rate, whereas those with low
confidence, possibly utilizing more cognitive resources given their difficulty,
has a significantly lower probability of correct interpretation. Our results
suggest that providers may be able to determine which clinical interrupting
tasks have a higher likelihood of error in an interrupting environment, based
on their overall confidence in their errors.

Limitations
There are several limitations to the current study. First, our study size was
restricted to the emergency providers at a single institution who volunteered
to complete the study. However, our a priori sample size analysis estimated
that 33 participants was likely sufficient to demonstrate a clinically
significant difference in overall accuracy.

Second, participants were not randomized to order of interruption module
(task-switching or uninterrupted). We chose to have all participants
complete the task-switching module first and the uninterrupted group
second to increase power (as compared to dividing participants into two
groups of 17 people each), as well as to avoid discovery of the primary
outcome during the uninterrupted module, which may have lead to
participants devoting more time to the interrupting stimuli rather than
balancing among all tasks. Further, we wanted to avoid any effect of priming
by completing multiple ECG’s immediately prior to the task-switching
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scenario. By not randomizing whether the interrupted module was given first
or second, we hypothesized that we risked introducing type 1 error, possibly
improving scores in the uninterrupted module after participants had already
completed task switching. However, we designed our study to be externally
valid, as the task switching was meant to simulate emergency workflow
without prior preparation and the uninterrupted scenario simulated a test or
exam. Further, by using a crossover study, the participant acted as their own
control, reducing variability and bias.

Strengths
This is the first study to our knowledge, to evaluate clinically relevant
interruptions in a simulated emergency environment. Further, we have
created clinical stimuli and patient scenarios that may be utilized to easily
replicate the study in other specialties and institutions. The study adds
evidence that not all interruptions are prone to the same rate of clinical
errors; providers may be able to self-screen complex clinical interruptions
that may be more prone to error in a task-switching environment.
Conclusions
While there were differences in odds of correct ECG interpretation by
position and by difficulty of ECG, we found no evidence overall that odds of
correct ECG interpretation for STEMI significantly decreased in a taskswitching environment. However, regarding difficult to interpret ECG’s as
determined by confidence scores, odds of correct ECG interpretation
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decreased in an interrupted setting. This suggests that odds of correct
interpretation depend not only on participant level factors (including
experience) but also on participant’s confidence in interpreting stimuli.
Further research should explore variables, both at the participant level and
the interruption level, that increase odds of clinical error. By defining
variables that increase odds of error, we may be able to focus efforts to
mitigate the effects of high risk interruptions on medical errors.
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