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Abstract
Background  Opioid overdose is the leading cause of injury-related death in the United States. Individuals who 
overdose outside of clinical settings have more positive clinical outcomes when they receive naloxone, an opioid 
antagonist, from a bystander as an early intervention before emergency personnel arrive. However, there is a 
gap in knowledge about successful instantaneous learning and intervention in a real-life stressful environment. 
The objective of this study is to explore the efficacy of different instructional delivery methods for bystanders in a 
stressful environment. We aim to evaluate which methods are most effective for instantaneous learning, successful 
intervention, and improved clinical outcomes.

Methods  To explore instantaneous learning in a stressful environment, we conducted a quantitative randomized 
controlled trial to measure how accurately individuals responded to memory-based survey questions guided by 
different instructional methods. Students from a large university in the Midwest (n = 157) were recruited in a public 
space on campus and accessed the six-question survey on their mobile devices. The intervention group competed 
the survey immediately while the research team created a distracting environment. The control group was asked to 
complete the survey later in a quiet environment.

Results  The intervention group correctly answered 0.72 questions fewer than the control group (p = .000, CI [0.337, 
1.103]). Questions Q1 and Q5 contained direct instructions with a verbal component and showed the greatest 
accuracy with over 90% correct for both stressful and controlled environments.

Conclusions  The variability in the responses suggests that there are environmental factors as well as instructional 
design features which influence instantaneous learning. The findings of this study begin to address the gap in 
knowledge about the effects of stress on instantaneous learning and the most effective types of instruction for 
untrained bystanders in emergency situations.
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Background
Drug overdose is the leading cause of injury-related death 
in the United States, with 70% of those deaths attributed 
to opioids [1]. In the event of an overdose occurring out-
side of a medical setting, bystanders have an important 
role in contacting emergency medical services and can 
provide basic care to the victim before help arrives. Nal-
oxone, an opioid antagonist, is the reversal agent that 
should be administered as quickly as possible to a victim 
suspected of an opioid overdose. Patients who receive 
naloxone from a bystander as an early intervention to 
opioid overdose have more positive clinical outcomes [2]. 
Naloxone will not harm a victim who does not have opi-
oids in their system [3].

Doe-Simkins et al. [4] displayed the successful reversal 
of opioid overdose through the administration of nalox-
one by trained bystanders in a controlled environment. 
However, there is little research about how a stressful 
environment impacts the ability of bystanders to accu-
rately follow naloxone administration instructions. In this 
study, we explore the effects of a stressful environment, 
when compared to a controlled environment, on the abil-
ity of bystanders to accurately answer memory-based 
survey questions. The objective of this study is to explore 
the efficacy of different instructional delivery methods 
for bystanders in a stressful environment compared to a 
controlled environment. We aim to gain insight about the 
type of instructions that will be most effective for a medi-
cally naïve bystander to successfully administer naloxone 
to an opioid overdose victim. Our findings are intended 
to contribute to knowledge and guide the development of 
a medical interventions for untrained bystanders.

Bystander intervention and working memory
Bystanders who voluntarily intervene in a potentially 
life-threatening event such as a heart attack, drug over-
dose, or allergic reaction have a substantial opportunity 
to improve the survival rates of victims with their early 
assistance [5]. Unfortunately, emergency medical services 
(EMS) providers reported bystander assistance in only 
11% of medical emergencies [6].

Various situational and personal factors determine 
whether a bystander will take action in an emergency 
[6]. Kagan [7] showed that bystanders are more ready 
and willing to act if they are familiar with the emergency 
situation through special training, personal experiences, 
or general knowledge. To provide optimal support and 
ensure the efficacy of bystanders that do take action, it is 
important to determine how the stressful environment 
of an emergency situation may play a role in a bystand-
er’s active response to instructions they are given when 
attempting to assist a victim before professional help 
arrives.

Unexpected medical dangers, time pressures, and 
social threats associated with bystander intervention are 
likely to create a stressful situation for bystanders. Stress 
initiates a series of physiologic reactions in the body 
which are manifested as the “fight or flight” response 
[8]. This sympathetic state increases cortisol and dopa-
mine levels, which alter the way that the prefrontal cor-
tex responds to reinforcement learning [9]. However, 
whether these changes result in positive or negative 
outcomes is highly individualized. Using a probabilistic 
learning task associated with positive or negative feed-
back, Lighthall [9] found that learning is improved by 
feedback that predicts a positive outcome. In contrast, 
de Berker et al. [10] used instrumental learning, or oper-
ant conditioning, to conclude that stress may impair the 
ability to actively respond to reinforcement. Due to indi-
vidualization, learning by reinforcement is unlikely to be 
the most effective technique for delivering instructions to 
bystanders. Little is known about effective strategies for 
instantaneous learning among the general public.

Working memory may play a role the ability to follow 
instructions. To increase the probability of properly fol-
lowing instructions, Dunham et al.  [11] recommended 
that learners are (1) provided with instructions in the 
order they must be completed, (2) teaching back the 
instructions, and (3) allowing the learner to control the 
rate at which the instructions are presented. These rec-
ommendations address the complications of limited 
working memory and may improve adherence to instruc-
tion [11]. In a medical emergency, these steps may be less 
individualized and more beneficial than reinforcement 
methods for promoting short-term learning and facilitat-
ing a favorable bystander response to instructions.

The Model of Working Memory [12] holds that the 
phonological loop and the visuospatial sketchpad are 
two separate components of working memory that inter-
act with the central executive in order to learn instan-
taneously. It is also known that reading and visualizing 
require the same neural pathways, so auditory instruc-
tions are more accurately visualized and actively followed 
than written instructions [13]. This also means that if the 
information and task draw on the same neural pathway of 
working memory, then performance is worse [14]. There-
fore, we know that working memory is better when dif-
ferent types of information are presented simultaneously. 
These fundamental concepts assisted in our methodol-
ogy, specifically in the types of questions we developed 
with varying degrees of audio and visual components 
[11]. However, little is known about how distraction and 
stress affect working memory and learning of a bystander 
in an emergency situation. This knowledge is essential for 
the creation of effective instructions provided to bystand-
ers during medical emergencies.
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AED
Our interest is in bystander administration of Narcan, 
which has not been well studied. Most of the existing 
research on bystander emergency response is related to 
automated external defibrillators (AEDs). An AED is the 
leading emergency technology used for cardiac arrest. 
Bystander training in cardiopulmonary resuscitation 
(CPR) and AEDs is common and typically performed on 
manikins in controlled environments. The fundamen-
tal components of bystander training identified in AED 
research were used to inform the methodology of our 
study.

The majority of untrained laypeople are not able to 
effectively operate an AED, despite its intention to be 
usable by all people in emergencies [15]. In a simulation 
study, Andre et al. [16] found that the AED user interface 
made a significant impact on the ability of lay bystanders 
to accurately respond to instructions. The most effective 
AED design included specific voice prompts associated 
with intuitive visual diagrams [16]. Deficits in bystander 
performance were attributed to AEDs which (a) must 
be manually turned on, (b) provided minimal or implicit 
instructions, (c) involved components that may become 
loose or detached, (d) did not provide an image for 
pad placement, or (e) failed to explicitly guide the user 
through the appropriate steps [16]. The given deficits 
relate directly to how effectively the AED design makes 
use of the bystander’s working memory.

Likewise, Biancardi et al. [17] found that direct phrases 
in verbal telephone instructions were most effective for 
directing lay bystanders to perform CPR and use an AED. 
Direct phrases leave little room for personal interpreta-
tion, unlike implicit phrases associated with the subject’s 
willingness to act. Rudland et al. [8] concluded that ver-
bal instructions supported the bystander in tuning out 
personal interpretations and environmental stressors.

When providing instructions, it is important to avoid 
cognitive overload for the bystander. Even if direct ver-
bal instruction is used, the prompt may not be effective 
if it is accompanied by complex videos or diagrams. Ettl 
et al. [18] found that audio-video instructions did not 
significantly improve the ability of laypeople to follow 
AED instructions due to cognitive overload, although 
participants reported feeling more support with an 
additional video. The visual aspect of learning must not 
be dismissed, as Yang [19] found that written or visual 
instructions were more beneficial in producing an accu-
rate response from the working memory when compared 
to verbal instructions. There must be a balance of verbal 
and visual instructions for optimal bystander interven-
tion. Accordingly, a bystander of a medical emergency 
should be guided by direct, orderly instructions with an 
intuitive visual component to elicit the best possible out-
come for the victim. The insight gained from studying 

AED instructions are undoubtedly beneficial; however, 
there remains a gap in knowledge about instantaneous 
learning in real-life stressful environments as compared 
to controlled environments, which may have an impact 
on how instructions are presented to bystanders of opi-
oid overdose.

Methods
Study design
This study was a randomized controlled trial using a 
single survey to deliver instructions and collect response 
data. All data was collected via electronic survey without 
any identifiers. Although researchers were not blinded 
as they created the intervention environment, they were 
also not aware of the responses of the participants as they 
completed the surveys.

Participants
The Purdue University Human Research Protection Pro-
gram/Institutional Review Board (IRB) granted the pres-
ent study an exemption for face-to-face human subject 
research on March 3, 2021. In compliance with COVID-
19 protocols, participants were recruited on Krach Lawn, 
a popular outdoor area at a large university in the Mid-
west. Social distancing was maintained, and masks were 
worn by the research team during active participation.

Participants were limited to currently enrolled students 
of any level. For this study we used college students as a 
proxy for untrained bystanders, and the survey we cre-
ated was new information to all of them. All participants 
who approached the table with interest in the study were 
provided with an information sheet, which contained the 
information usually presented in a consent form. Signed 
consent was not obtained as it would have been the only 
identifiable information collected from participants. 
Implied informed consent was provided through comple-
tion of the survey and was obtained from all participants 
and/or their legal guardians. Enticement such as candy, 
music, and colorful posters were used to attract partici-
pants. Non-personally identifiable information was col-
lected at the end of the survey, including gender, race/
ethnicity, age, year, and major.

Interventions
Distractions were set up to create a stressful environment 
while participants in the intervention group were taking 
the survey. These distractions, which were both COVID-
19 protocol adherent and innocuous, included street traf-
fic, popping balloons, loud music, students playing games 
in the lawn, phone alarm interruptions, and absurd light-
saber battles (Star Wars style). The distractions were 
designed to create a disturbing, irritating environment 
that simulated stress in a real-world scenario.
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Sample size
Preliminary tests were performed to find approximate 
values for power analysis. Eight undergraduate class-
mates were asked to test the survey: three of which were 
in a somewhat stressful environment and five of which 
were in a relaxed, quiet environment. From the results of 
this preliminary test, two hypotheses were generated: the 
null hypothesis, which stated that on average there is no 
difference in the number of questions answered correctly 
between the control group and intervention group, and 
the alternative hypothesis, which stated that on average, 
the intervention group would answer one fewer question 
correctly. The alternative hypothesis was developed from 
the preliminary testing, which showed that those who 
took the survey in a stressful environment answered 3.67 
questions correctly, whereas those who took the survey 
in a calm environment answered 4.40 questions correctly. 
The effect size of 0.73 was rounded up to 1 whole ques-
tion for the alternative hypothesis.

A priori power analysis was performed to estimate the 
sample size [20], based on our preliminary data. With an 
alpha of 0.05 and power of 0.80, the estimated sample 
size needed with an effect size of 0.73 is 60 participants. 
Because our effect size is relatively large according to 
Cohen’s conventions [21], our projected sample size was 
increased to 150 total participants, approximately 75 in 
each group.

After three days of outdoor data collection, a suffi-
cient sample size for the intervention group (n = 78) was 
attained. However, participant adherence in the control 
group was lower than expected (n = 34), despite hand-
ing out more surveys. To increase the sample size for 
the control group, the survey and the information sheet 
were sent to groups of students via GroupMe messag-
ing. Four different group chats containing 335 people 
total were involved. All group chats consisted of a vari-
ety of students, across years and majors of undergraduate 
degrees. After participants from GroupMe recruitment 
responded, the total control group sample size was suffi-
cient (n = 79). All methods were carried out in accordance 
with relevant guidelines and regulations.

Randomization
Each participant was provided a piece of paper with both 
a QR code and a web address link to the survey. By scan-
ning the QR code or entering the link into an internet 
browser, participants could access the survey on their 
own devices and adhere to COVID-19 safety protocols. 
The intervention and control groups both completed the 
same questions in the same order, but they were recorded 
in separate surveys to allow for comparison.

Intervention and control QR codes and instructions 
were mixed and handed out in the order in which they 
were stacked, creating randomization. The intervention 

group was instructed to scan the QR code and begin 
taking the survey immediately. The control group was 
instructed to take the survey in the next 24  h at their 
leisure in a quiet environment. Anticipating drop out 
among the control group (forgetting to complete it once 
at home), more control group instructions were distrib-
uted (128 control, 78 intervention).

Survey design
Six memory questions with different combinations of 
audio and visual components were integrated into a 
Qualtrics online survey to test the ability of the working 
memory to respond accurately in a stressful versus con-
trolled environment. All participants received the same 
questions in the same order. The survey questions are 
available in Fig. 1.

Two questions tested the efficiency of audio-only 
instruction (Q3 and Q5) by providing an audio sample 
of random words or sounds with no context. The next 
screen targeted the working memory with a question 
about the audio content where the participant selected 
their answer from a list of multiple-choice options. Two 
questions tested the efficacy of visual-only instruction 
(Q2 and Q4) by providing a picture on the first screen 
with no additional instruction and a memory question 
with a list of multiple-choice options on the next screen. 
Participants selected an arrow button to move to the sec-
ond screen, and they were not able to return to the previ-
ous screen at any time. Two questions tested a blend of 
audio and visual components (Q1 and Q6). One ques-
tion verbally asked the participants to place the pictured 
four buildings in order from shortest to tallest (Q6), and 
the other asked participants to identify the picture of the 
instrument that they heard in the audio clip (Q1).

Statistical analysis
Data was extracted from Qualtrics into Excel files where 
it was cleaned and prepared by checking for missing 
inputs and transforming variables. The primary outcome 
measure was accuracy of answering the survey questions.

Data analysis was conducted using SPSS version 26. 
Descriptive statistics included frequencies, crosstabs, 
and chi-square test for both demographics and response 
accuracy. Independent sample t-tests were conducted 
to analyze the difference in overall response accuracy 
between groups. A summary of this study was presented 
as an interdisciplinary project in the 2021 Purdue Uni-
versity Undergraduate Research Conference and is avail-
able to the public on YouTube [22]. This study was not 
preregistered.
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Results
The sample demographics compared to the University 
student population are presented in Table  1. The over-
all sample was representative of the student population 
at large for age, major, and gender (p > .05), but not for 
year and race. The demographics of the control and inter-
vention groups were significantly different for gender 
and race (Table 2) with more Caucasians and females in 
the control group. Engineering was the most prominent 
major represented, which was similar between the two 
groups.

The number of survey questions answered correctly 
by the control group ranged from 2 to 6, with a mean of 
4.85 (SD = 1.10). The accuracy in the intervention group 
ranged from 0 to 6 questions correct, with a mean of 4.13 
(SD = 1.32). There is a mean difference of 0.72 between 
the two groups, which is statistically significant (p = .000, 

CI [0.337, 1.103]). The variability in the responses sug-
gests that there are environmental factors as well as 
instructional design features which influence instanta-
neous learning.

The comparison between groups of the total number 
of questions answered correctly is shown in Table 3. The 
number of control group participants who accurately 
answered all six questions (n = 26) is double the number 
of intervention group participants with the same accu-
racy (n = 13).

The accuracy of responses by question in each group 
is shown in Table  4. Questions 1 and 5 were consis-
tently answered correctly by both groups, with the 
control group being slightly more accurate but with-
out statistical significance (p = .142 for Q1 and p = .113 
for Q5). Question 3 was answered far less accurately by 
both groups, with the control group remaining slightly 

Fig. 1  Survey Questions
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more accurate but the difference was not statistically 
significant (p = .226). The control group was significantly 
more accurate in answering Questions 2 and 6 than the 
intervention group (p < .05). The intervention group was 
slightly more accurate in answering question 4 than the 
control group, but the difference was not statistically sig-
nificant (p = .947).

Discussion
To optimize the ability of a bystander to accurately fol-
low instructions in a stressful environment, the mode 
of instruction must be tailored to the working memory 
function under stress. Our results show that an audio 
component is most effective when it is phrased directly 

and/or appears in conjunction with visual instruc-
tion. Questions Q1 and Q5 displayed the most accurate 
responses for both intervention and control groups, 
with 97.4% accuracy for both questions in the control 
group and the 93.5% and 92.9% accuracy on Q1 and 
Q5 respectively in the intervention group (Table  4). Q1 
included direct instructions with an audio component 
and straightforward visual clip art, and Q5 audio-only. 
This suggests that instructions modeled in a style similar 
to Q1 and Q5 can negate the impact of stress and distrac-
tion on the ability to learn a new task.

There must be a balance of audio and visual output 
due to the possibility of cognitive overload [18] which 
may explain the results for question Q6. This question 

Table 1  Study participants compared to the University population (χ²)
Sample (n = 157) University Population Pearson χ2 value p-value (Pearson χ2)

Fre-
quency

Percentage Frequency Percentage

Age 3.965 0.265
18–19 87 55.8% 14,031 42.7%

20–21 53 34.0% 13,703 41.7%

22–24 14 9.0% 4481 13.6%

25–29 2 1.3% 632 1.9%

Total 156 100% 32,847 100%

Major 4.695 0.860
Engineering 61 38.9% 13,761 30.9%

Science 18 11.5% 6422 14.4%

Health & Human Sciences 16 10.2% 5504 12.4%

Polytechnic 16 10.2% 5045 11.3%

Liberal Arts 14 8.9% 3211 7.2%

Management 12 7.5% 3211 7.2%

Pharmacy 8 5.1% 1376 3.1%

Agriculture 5 3.2% 3211 7.2%

Exploratory 5 3.2% 1376 3.1%

Education 2 1.3% 1376 3.1%

Total 157 100% 44,493 100%

Year 20.454 < 0.001
Freshman 63 41.4% 7785 22.4%

Sophomore 51 33.6% 7558 21.8%

Junior 18 11.8% 7902 22.8%

Senior 20 13.2% 11,491 33.1%

Total 152 100% 34,736 100%

Gender 0.504 0.478
Male 81 52.3% 26,057 56.8%

Female 74 47.7% 19,812 43.2%

Total 155 100% 45,869 100%

Race 41.466 < 0.001
Caucasian 97 63.0% 35,693 78.1%

Asian 35 22.7% 4358 9.5%

Hispanic or Latino 9 5.8% 2660 5.8%

Multiracial 8 5.2% 1689 3.7%

African American/Black 4 2.6% 1284 2.8%

Native Hawaiian/ Pacific Islander 1 0.6% 30 0.1%

Total 154 100% 45,714 100%
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required the participant to associate a certain building 
height with a letter (a, b, c, d), and then to put the letters 
in order of shortest to tallest building on the next page. 
It was the only survey question that required objects 
to be placed in a specific order. The instructions on the 
first screen were provided verbally but were not written 
out visually. The control group displayed 91.0% accuracy 
for question six while the intervention group displayed 
only 66.2% accuracy (p < .05), indicating that a stressful 
environment has a significant impact on instantaneous 
learning for this instructional method. The results for Q6 

provide an example of instructions that are too complex 
for bystanders in a stressful environment to utilize effec-
tively. Instructions of this nature may lead to cognitive 
overload and prevent a bystander from successful inter-
vention. Although Q1 and Q6 were both audio-visual 
questions, they differed significantly in difficulty. Q1 pro-
vided the proper balance of direct audio-visual instruc-
tions, while Q6 provided complex information that led to 
cognitive overload when performing the task in a stress-
ful environment. In future application with bystand-
ers, we suggest audio-visual instructions be structured 

Table 2  Comparing demographics of the control and intervention groups (χ²)
Crosstabs Pearson χ2 value p-value (Pearson χ2)
Intervention (n = 78) Control (n = 79)

Age 5.874 0.555
18 12 12

19 31 32

20 15 21

21 12 5

22 5 5

23 1 1

24 1 1

25 0 2

Gender 16.845 0.000
Male 53 28

Female 24 50

Other 1 1

Major 12.252 0.199
Agriculture 3 2

Education 1 1

Engineering 29 32

Exploratory 2 3

Health & Human Sciences 6 10

Liberal Arts 4 10

Management 9 3

Pharmacy 2 6

Polytechnic 11 5

Science 11 7

Year 5.620 0.467
Freshman 32 31

Sophomore 21 30

Junior 11 7

Senior 12 8

5th Year Senior 0 1

Graduate Student 2 1

Other 0 1

Race 18.863 0.004
African American/ Black 4 0

Asian 22 13

Caucasian 36 61

Hispanic/Latino 7 2

Multiracial 6 2

Native Hawaiian/ Pacific Islander 1 0

Other 2 1
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more directly as they were in Q1, with fewer simultane-
ous tasks for the user to learn. Direct instructions given 
one at a time may reduce cognitive overload and there-
fore may be more likely to be followed accurately by a 
bystander under acute stress.

The control group did significantly better in accuracy 
on the visual-only Q2 than the intervention group, with 
76.9% accuracy in the control group and 54.4% accuracy 
in the intervention group (p < .05). This suggests that 
stress and distraction were a significant factor in the abil-
ity to recall the images. However, there is no statistically 
significant difference between the groups on the other 
visual-only question Q4. Both groups answered Q4 with 
very low accuracy: 60.3% accuracy in the control group 
and 62.3% accuracy in the intervention group. We pos-
tulate that this low accuracy may be due to cognitive 
overload created by the image in Q4 as it was far more 
complex in detail than the image in Q2, resulting in par-
ticipants not focusing on the detail they needed to recall 
regardless of environment (Fig. 1).

In a similar context, the audio-only question Q3 was 
overall lower in accuracy than audio-only Q5. Results 
for Q3 showed 66.6% accuracy in the control group and 

58.4% accuracy in the intervention group, compared 
to 97.4% accuracy in the control group and 92.2% accu-
racy in the intervention group for Q5. The instructions 
in Q3 asked the participant to identify the second word 
that they heard from a list of random words, while Q5 
asked the participant to identify the first sound that they 
heard from a series of animal noises. Because the content 
of both questions would be considered generally famil-
iar and simple, we do not suspect the specifics of the 
words or sounds to be at play in the accuracy discrepancy 
between questions. Rather, we postulate that the primacy 
effect [23] may be at play, further emphasizing the effi-
cacy of direct instructions that provide the most impor-
tant information first.

Our study finds that a stressful environment negatively 
impacts the ability of the working memory to respond 
accurately to instructions. While this was expected, the 
variety of instruction methods used in our study implies 
that certain types of instructions provided to bystanders 
are more likely to improve outcomes for opioid overdose 
victims. Administrating naloxone to victims is likely to 
be impacted by the inevitably stressful environment of 
a medical emergency, so the instructions for bystanders 
must be effective. Only half the number of participants 
in the intervention group followed instructions with 
100% accuracy when compared to the control group. 
By extension, if only half of the bystanders who receive 
instructions are able to successfully intervene, then the 
instructions are not effective enough to maximize clinical 
outcomes of overdose victims. Therefore, we recommend 
that instructions presented to bystanders are direct, con-
taining a balance of audio and visual components to avoid 
cognitive overload in stressful environments. Important 
information should be clearly stated with one task to per-
form at a time.

Limitations
Our study does have several significant limitations related 
to sample. In addition to a small sample size, there were 

Table 3  Frequency of accurate responses by group
Number Correct Frequency Percentage

Control
(n = 79)

5 28 35.4%

6 26 32.9%

4 15 19.0%

3 7 8.9%

2 3 3.8%

Total 79 100%

Intervention
(n = 78)

4 26 33.3%

5 17 21.8%

3 15 19.2%

6 13 16.7%

2 5 6.4%

0 2 2.6%

Total 78 100%

Table 4  Frequency of correct responses by question
Intervention (n = 78) Control (n = 79) P value

(Pearson χ2)
Pearson χ2 value

Freq. Correct % Correct Freq. Correct % Correct
Question 1
Audio-visual

72 93.5% 76 97.4% 0.142 2.162

Question 2
Visual

40 54.4% 60 76.9% 0.001 10.327

Question 3
Audio

44 58.4% 52 66.6% 0.226 1.464

Question 4
Visual

46 62.3% 47 60.3% 0.947 0.004

Question 5
Audio

70 92.2% 76 97.4% 0.113 2.513

Question 6
Audio-visual

51 66.2% 71 91.0% 0.000 14.750
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statistically significant differences between the demo-
graphics of our sample and the University’s general student 
population in respect to year and race (Table 1). Individu-
als who were freshmen were overrepresented in the pres-
ent study when compared to the University demographics. 
This is likely due to the recruitment location being in close 
proximity to underclassman-dominant housing and din-
ing on campus. Additionally, the Caucasian race was over-
represented, and the Asian race was underrepresented in 
the present study when compared to the University demo-
graphics. Gender and race differed significantly between the 
intervention group and control group, as the control group 
was comprised of more Caucasians, and the intervention 
group was predominantly comprised of males. The variabil-
ity in demographics may be due to differences in confidence 
and cultural norms in approaching a public table. Further-
more, we were unable to completely compare gender and 
year because data for these demographics for students who 
identify as “third gender/non-binary” for gender, “other” 
for race, and “5th year senior” or “other” for year, were not 
available at the University level. The University data for year 
was classified by number of credit hours; however, students 
often state their year in their program rather than by credit 
hours. This leaves the possibility of a biased sample through 
size and composition, and further studies are indicated to 
replicate findings.

Conclusions
We believe that our simulation of a stressful environment 
for the intervention group was effective for showing a dif-
ference in instantaneous learning depending on environ-
ment. There is a substantial body of knowledge related to 
teaching and learning methods, although there is lacking 
knowledge on evaluating learning in a high stress environ-
ment and then applying the learning immediately to a task. 
Once learning modules are developed to train bystanders 
how to intervene in an emergency situation and tested for 
usability in controlled environments, they could then be 
tested in stressful simulations using the methods described 
here. Consistent with educational psychology, instructions 
given one at a time with a balanced combination of visual 
and audio cues resulted in highest accuracy responses.

This study contributes both methodology for simulation 
testing and confirmation of best practices in educational 
design for stressful environments. Although we focus on 
the use-case of untrained bystanders requiring instanta-
neous learning, this methodology may provide an additional 
avenue for clinical applications, such as instantaneous learn-
ing required by medical professionals. This extends to the 
design of instructions for medical equipment, not only for 
use in the field, but also in clinical settings where instruc-
tions need to be provided rapidly and accuracy is key. Fur-
thermore, this study may be used to guide the development 
of a medical drone that is intended to deliver naloxone to 

opioid overdose situations for bystander administration. 
The analysis of instantaneous learning under acute stress 
can be directly applied to the user interface of the drone 
that provides instructions to bystanders. Our findings may 
contribute to instructions that result in successful adminis-
tration of naloxone and improved clinical outcomes. Future 
studies are needed in other populations and with different 
methods of distraction to confirm the full applicability of 
the methodology of the present study. Also in future studies, 
completion time of each task may be used as an outcome 
measure to examine the impact of a stressful environment 
on the time it takes to learn instantaneously.

Abbreviations
AED	� Automated external defibrillator
EMS	� Emergency medical services
CPR	� Cardiopulmonary resuscitation
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