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Online education programs are becoming increasingly 
prevalent, with the COVID-19 pandemic greatly accelerating 
their prominence.  Even as colleges and universities have 
returned to in-person learning, the need for effective remote 
learning options remains relevant.  Importantly, online 
programs can increase access for non-traditional students, 
international students, and under-represented minorities.  
While information has been published about methods to 
successfully transition traditional lecture and laboratory 
courses online, one area that has received less attention 
has been that of summer programs.  Because these 
programs are typically full-day programs, they present a 
unique challenge for online engagement.  In this study, I 
describe the development of an online full-day summer 
neuroscience program that was taught over a three-week 
period.  The main goal of the program was to promote 
students’ future interest in the field of neuroscience.  Three 
additional goals were to introduce them to neuroscience 
content, give them exposure to reading scientific journal 

articles, and give them practice with oral presentations.  In 
order to promote these goals, four complementary 
components were incorporated into each day’s 
programming: 1.  Synchronous full-group lectures, 2.  
Synchronous small-group Journal Clubs, 3.  Synchronous 
small-group Neuroethics Clubs, and 4.  Asynchronous lab 
activities.  Student evaluation feedback showed that the 
program was successful in stimulating the students’ future 
interest in neuroscience.  These levels of interest were 
similar to past in-person versions of the program.  Students 
also gained increased experience with neuroscience 
content, journal articles, and presentations.  Therefore, this 
program can serve as a template for the design of an 
effective online neuroscience summer program.   
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The COVID-19 pandemic has re-shaped many components 
of higher education and continues to present many 
educational challenges (Ramos, 2021).  One major 
adjustment that most instructors and institutions had to face 
was shifting their courses to an online format.  While initially, 
many online learning adjustments were anticipated to be a 
short-term solution, it is now clear that in the long term, 
effective online teaching tools are an important pedagogical 
component that can offer several educational advantages.  
Specifically, virtual learning offers both increased flexibility 
in dealing with potential public health events, as well as 
allows for greater outreach to a larger number of students, 
including under-represented minorities, international 
students, and non-traditional students. 
     From a public health perspective, even as campuses 
have resumed in-person instruction, it is clear that effective 
virtual learning strategies remain relevant as a tool to flexibly 
adapt to ever-changing scenarios.  For instance, the 
Omicron variant of SARS-COV-2 led campuses such as 
Cornell to shut down at the end of the Fall 2021 semester 
(Rosenberg and Oza, 2021).  Additionally, at the start of 
2022, many colleges that have a January term moved those 
courses to a virtual format (Jaschik, 2022), and several other 
colleges and universities re-adopted online instruction for 
the first several weeks of the Spring 2022 semester 
(Charlton and Parks, 2021; Jaschik, 2022).   
     In addition, online learning has the potential to reach a 

larger and more diverse student population.  Compared to 
in-person education, online courses are able to be offered 
at a lower cost (Bowen et al., 2014; Chircov et al., 2020).  
This could allow them to be adapted by colleges and 
universities who have resource constraints and can also 
encourage enrollment from a more diverse student 
population given that they can be offered at lower tuition.  
Online education can increase participation from 
underserved communities.  Data from the National 
Postsecondary Student Aid Study (NPSAS) showed that 
students who enroll in online education are more likely to 
have lower levels of parental education and are more likely 
to be working full-time while enrolled in school (Deming et 
al., 2015).  In addition to lower costs, the remote nature of 
online learning programs also allows for greater temporal 
and geographical flexibility which can increase accessibility 
for many students such as non-traditional students, working 
students, and geographically distant students (Porter et al., 
2014).  Additionally, since in-person classes have 
enrollment constraints in terms of classroom space, lab 
space and housing, online courses are able to have higher 
enrollment numbers (Bowen et al., 2014).  This allows for 
these courses to impact a greater number of students 
overall.   
     Even before the pandemic began, online learning had 
been growing dramatically in popularity, with the National 
Center for Education Statistics (NCES) reporting that in 
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2018, 35.3% of college students in the United States were 
enrolled in distance education courses (Wallis, 2020; Ruiz 
and Sun, 2021).  Additionally, the number of students 
enrolled in online learning has been steadily increasing over 
time.  For instance, Oregon public universities reported that 
the number of students taking online courses increased by 
151% between the 2008-09 school year and the 2018-19 
school year (Wallis, 2020).  While the vast majority of this 
growth in online learning has been in the form of traditional 
undergraduate courses, one new and additional area that 
could benefit from online course development is the area of 
summer programs.   
     Many colleges and universities offer summer programs 
to college or high school students that allow students to 
advance their understanding of a particular discipline 
through an immersive program over a short period of time.  
Studies have shown the effectiveness of these summer 
programs in improving student knowledge of scientific 
content and research methodologies, as well as promoting 
collaborative relationships with others (Gould and 
MacPherson, 2003; Yates and Stavnezer, 2014).  Summer 
undergraduate research experiences have also been shown 
to improve students’ motivation to learn, increase their 
active participation in future science courses, clarify their 
interest in the sciences and promote their desire to pursue a 
career in the sciences (Russell et al., 2007; Lopatto, 2017).  
While many of these studies have focused on the impacts 
on undergraduate students, similar effects on motivated 
high school students can be inferred as well.   
     Since these summer programs are typically only a few 
weeks long and have the ability to draw from a diverse pool 
of students both domestically and internationally, having 
online options available for these programs increases 
accessibility.  Given the need and desire to increase the 
number of underrepresented minorities and non-traditional 
students within the STEM fields, online summer programs 
that are more accessible to these demographics have the 
potential to spark a lasting interest in neuroscience in these 
students.  In particular, summer programs targeting high 
school students can build a formative initial interest in the 
field and encourage a greater number of students to enroll 
in neuroscience programs in college and beyond.   
     One of the biggest challenges with remote learning is 
ensuring that students are getting a full pedagogical 
experience from the program.  In other words, ensuring that 
students are engaged with the material, absorbing the 
course content, and also enjoying their experience (D'Souza 
et al., 2020).  While these challenges are true of any course, 
they are exacerbated by the nature of a summer program.  
In contrast to a typical semester-long course that only meets 
for an hour or two at a time, summer program content 
typically lasts a full day.  Expecting students to stay engaged 
in an online format for an eight-hour stretch of time makes it 
unreasonable to simply adopt the previous in-person 
lectures and activities into a virtual format with no further 
adaptation.  Additionally, an essential component of these 
summer programs is often hands-on laboratory-based 
activities, which typically involve access to specialized 
equipment that isn’t found in most students’ homes.  While 
many lab activities have the potential to be designed or 

adapted at an at-home space without specialized 
equipment, design of such activities for a neuroscience 
summer program has not been previously described.   
     Oliver et al. (2021) have recently described one strategy 
for transitioning their Summer Science Academy, which is 
an undergraduate biomedical research program at 
Vanderbilt University, to a virtual format.  Their approach 
involved removing the research component of the program 
and instead focusing on the interpersonal connections that 
students would make with post-undergraduate trainees 
through narrative seminars.  While their approach was 
successful at promoting students’ sense of belonging and 
connection to STEM disciplines and points to the clear 
importance of the interpersonal connections that are formed 
during these programs, it was not able to re-create the 
typical research environment of their conventional program.  
Given that performing hands-on lab activities at home 
increases student academic performance, self-efficacy, and 
engagement (DeBoer et al., 2017; Hanzlick-Burton et al., 
2020; Ho et al., 2021), we wanted to explore whether it 
would be possible to develop an alternative model for 
summer programming that incorporated more features of a 
typical in-person program, such as labs, lectures, and clubs 
in an attempt to more fully replicate the typical in-person 
programming experience.   
     In this study, I adapted a 3-week high-school 
neuroscience summer program at the University of 
Pennsylvania to a remote format.   By using a complimentary 
combination of 1. Whole-group synchronous lectures, 2. 
Small-group synchronous journal clubs, 3. Small-group 
synchronous neuroethics club activities, and 4. 
Asynchronous at-home labs (followed by a full-group 
synchronous post-lab discussion), we were able to deliver 
this neuroscience program content to students virtually.  
Given the important role that summer high school programs 
play in developing a student’s initial interest in a field, the 
main goal of the program was to promote future interest in 
the field of neuroscience.   
     Student surveys indicated that the program was 
successful in fostering the students’ interest in the field of 
neuroscience.  This level of interest appears similar to the 
past years of the program, when instruction was conducted 
in-person, which indicates that the online nature of the 
program did not detract from students’ interest in the field.  
Additionally, students were able to gain valuable experience 
learning neuroscience content, reading scientific journal 
articles, and delivering presentations.  Therefore, this 
indicates that the measures taken to adjust the program to 
an online format served as a successful template for the 
design of a remote full-day neuroscience summer program. 
 
MATERIALS AND METHODS 
Program and Students 
This online neuroscience curriculum was developed for a 
selective three-week immersive full-day neuroscience 
summer program for high school students at an Ivy League 
Research University (Neuroscience Research Academy, 
University of Pennsylvania) during the summer of 2021.  The 
program enrolled 61 students through a selective 
application-based process.  The admitted students included 
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12 international students and 49 domestic students (who 
participated from across a variety of time zones, including 
both EST and PST).  Program funding was provided by 
student tuition from 51 students, which was $5,049 per 
student.  The final 10 students were admitted as scholarship 
students.  These scholarship students attended a School 
District of Philadelphia public or charter high school and 
demonstrated financial need.  Six of these scholarship 
students were admitted directly through the Neuroscience 
Research Academy program, with funding provided by the 
tuition of the other enrolled students.  The final 4 students 
were admitted through a second scholarship program, the 
PENN LENS program, which offers students the ability to 
attend an University of Pennsylvania research academy 
summer program in addition to working in a research lab 
during the remainder of the summer.   
     Synchronous components of the course took place over 
the Zoom video conferencing platform.   Online learning 
management, such as the posting of readings and other 
documents, took place via the Canvas Learning 
Management System.   
 
Program Design 
In order to facilitate student engagement and learning, the 
program was designed to have four main daily components 
that each provided a different style of delivery: (1) whole-
group synchronous lectures, (2) small group synchronous 
Journal Clubs, (3) small-group synchronous Neuroethics 
Clubs, and (4) asynchronous at-home lab activities (with a 
synchronous post-discussion).   
     The decision to provide these different forms of delivery 
allowed us to still engage with students directly (during 
synchronous sessions), but also allowed for more flexibility 
in accommodating different time zones of learning (by 
offering asynchronous activities and by staggering the 
timing of different small-group synchronous meetings).  The 
small group synchronous activities also allowed students to 
have more opportunity for participation and engagement 
than they otherwise might have had in a large-group online 
meeting.  Additionally, the different formats allowed for 
learning to be broken up into more manageable chunks and 
for students to have off-screen time (especially during the 
asynchronous lab activities) so that students weren’t just 
stuck staring passively at a screen for an 8 hour stretch.  The 
design of each of those components was as follows: 
 
(1) Whole-Group Synchronous Lectures 
Two one-hour synchronous lectures were delivered each 
day.  The two lecture components were held at 11am EST 
and 4pm EST to accommodate the largest number of time 
zones.  All students were required to attend.  These lectures 
were presented by a select small group of faculty from the 
Undergraduate Neuroscience Program at the University of 
Pennsylvania and followed the past program curriculum.  
These lectures introduced students to the fundamentals of 
an introductory neuroscience course (Appendix 1).  
Stylistically, lectures were presented in a standard 
powerpoint-driven “lecture” format, similar to what would 
take place in-person.   
 

     
 

 
Table 1: Journal Club Topics and Articles 
 

(2) Small Group Synchronous Journal Clubs 
For this component, students were divided into four groups 
of approximately 15 students each.  Each of these groups 
met for a one hour synchronous block each day.  The 
specific time at which each group met varied (9am, 10am, 
5pm, 6pm EST) in order to accommodate students from 
different time zones.  Each Journal Club was run by a 
qualified graduate student and focused on a particular topic 
that was selected by the respective journal club leader 
(Table 1).  Students were able to select their preferred 
journal clubs by ranking them via a Google Forms survey 
that was sent to the students before the start of the program. 
     Over the course of the three week program, each journal 
club leader guided their students through reading two 
journal articles from the primary scientific literature (Figure 
1).  The very first journal club meeting involved a discussion 
of “how to read a scientific journal article”.  Subsequently, 
students were expected to read parts of each journal article 
as homework each night and then discussed the article in 
their synchronous group session with the guidance of their 
journal club leader.   The journal club culminated in the 
journal club leaders helping their students prepare a 
“scientific poster” in which they presented the findings of one 
of the journal articles that they read.  These poster 
presentations were presented to the other students of the 
summer program who were not in their journal club group 
and took place in the following format:  
     Each journal club was divided into 4 groups of 3-4  
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students each.  Each group made a scientific "poster" to 
present in Zoom breakout rooms.  Out of those 4 groups, 
two groups made a poster about the first paper (ex. "Group 
1A and Group 1B") and two groups made a poster about the 
2nd paper (Group 2A and Group 2B ).  During the last day 
of the program, all of "Group A" members (aka Group 1A 
and Group 2A) presented first, and all of group B members 
from one particular journal club rotated around to the 
presentations hosted by the other 3 journal clubs as 
“spectators”.  Therefore, each spectator visited a total of 6 
breakout rooms (two posters for each of the other three 
journal clubs).  Spectators visited with each poster (each 
breakout room) for approximately 10 min.  In this time, the 
presenting students explained their poster and visiting 
students were able to ask questions.  I then rotated the 
visitors through to the next poster.  After a short break, we 
then switched, and everyone in a "B" group (Group 1B and 
Group 2B) presented, and everyone in group A rotated 
through the rooms as “spectators” to visit the posters from 
the other journal clubs.   
     These journal clubs were designed to replicate the 
journal clubs that had existed during the in-person versions 
of our program.  Their structure was largely identical, with 
the only difference being that the poster presentations 
replaced a previous more generic “powerpoint presentation” 
on the papers the students had read.   
 
(3) Small-Group Synchronous Neuroethics Clubs 
The neuroethics clubs were a component that had not 
previously existed as part of our summer program, but were 
added in order to give students an additional opportunity to 
engage with one another in a small-group discussion 
setting.  For the neuroethics clubs, students were divided 
into six groups of approximately 10 students each.  Each of 
these groups met for a one hour synchronous block each 
day and was led by a qualified undergraduate student.  The 
specific time at which each group met varied (two 9am 
sections, 10am, 5pm, 6pm, 9pm EST) in order to 
accommodate students from different time zones.  Students 
were able to select their preferred neuroethics club time by 
ranking them via a Google Forms survey that was sent to 
the students before the start of the program.   
     Each Neuroethics club followed the same topics, with 
each day focusing on a different neuroethical dilemma 
(Table 2).  Each night, students were assigned readings 
related to that neuroethics topic that would be discussed the 
following day (Appendix 2).  The next day, the neuroethics 
leaders guided their students through small-group 
discussion of these neuroethics topics.  The neuroethics 
leaders were provided with a set of stock questions to help 
them guide the discussion, but were welcome to use their 
own pedagogical discretion to guide the discussion as they 
desired.   
     On the last day of their neuroethics club, students gave 
a final presentation to the rest of their neuroethics group.  
For this final presentation, they were asked to choose one 
of the following: (1) find a real-world example of one of the 
neuroethics issues that had been discussed and present this 
example to the class along with a discussion of how it has 
been handled by policymakers, (2) Form a small group with  

Session   Neuroethics Topic  

1 Artificial intelligence 

2 Neuromarketing 

3 Disorders of consciousness and when to terminate care 

4 The opioid crisis 

5 The COVID-19 pandemic and mental health 

6 How expectations shape performance: The Pygmalion effect and 
implicit bias 

7 Does free will truly exist? 

8 Trauma across generations 

9 Mental illness and autonomy in regards to consent 

10 Neurolaw: The brain in court 

11 Smart pills 

12 Memory erasing 

13 Should autism be cured? 

14 Ecstasy and psychedelics as treatments for psychological 
disorders 

 
Table 2. Neuroethics Topics. 
 
other class members to participate in a two-sided debate 
about one of the neuroethics issues presented in class, (3) 
make a movie or skit acting out one of the neuroethics 
issues discussed, or (4) find a new neuroethics topic that 
hasn’t been discussed yet and explain it to the group. 
 
(4) Asynchronous At-Home Lab Activities (With a 
Synchronous Post-Discussion) 
In order to provide students with hands-on learning activities 
to complement what they were learning in the lecture 
component of the course, daily lab activities were assigned 
to students.  The labs were designed to take approximately 
2 hours to complete and were designed to be able to be 
completed asynchronously.  Lab instructions were provided 
online for students.  In addition to this asynchronous time, a 
daily 45 min time block was also allotted for a post-lab 
discussion and debrief.  This took place as a whole-group 
synchronous meeting guided by faculty from the 
Undergraduate Neuroscience Program.   
     Due to the lack of feasibility of designing 15 different 
neuroscience lab activities that could translate directly to an 
at-home format, some labs were active hands-on labs (6 
labs) while others involved watching a documentary or doing 
a reading (8 labs) (Table 3).  There was also one lab where 
students were paired with a partner and designed a one-
slide powerpoint presentation about a particular brain 
region.   
     These labs largely replicated the lab activities that 
students completed during the in-person version of the 
program.  There were three main differences: 1: Some lab 
instructions that had previously called for a lab partner had 
to be adapted to be a single-person activity.  However, these  
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Table 3: List of labs with a description of the activities  

adaptations were minor and did not affect the overall 
activities assigned.  2: One of the hands-on labs, the 
“membrane potential lab” was a new lab that replaced a 
previous in-person electrophysiology lab.  3: The “media-
based labs” that involved watching a documentary or doing 
a reading were newly added to this remote program and 
replaced time in the schedule that had otherwise been spent 
doing things like field trips.   
     For the hands-on lab activities, we assembled a “lab kit” 
that contained all of the materials that students would need 
to perform the lab in their own home and mailed these kits 
to each of the students.  A list of the materials that were 
mailed for each of the labs is provided in Table 4, as well as 
the cost of each of these materials.  Additionally, for one of 
the labs, which was a “taste” lab in which students tasted 
different foods before and after eating a “Miracle berry” 
(miraculin), students were asked to purchase several fruits 
on their own, as those would not be stable for shipping.  
“Miracle Berries” were purchased from Fruit Me via Etsy.     
    For the sheep brain dissection lab, the “Young Scientist 
Brain Dissection Kit” from Carolina Biological (Item # 
228756) was used.  The University of Pennsylvania 
Environmental Health and Radiation Safety (EHRS) was 
consulted regarding shipping and disposal procedures, and 
approved of the lab protocol and safety procedures.  
Students were provided with specific, labeled bags for 
disposal of the specimens.  Students were also provided 
with a distance learning laboratory safety agreement, lab 
safety manual, and SDS sheet for the solution in which the 
brains were fixed.  Students were also required to complete 
a brief online safety “quiz” to reinforce the safety procedures 
before dissecting their sheep brains.   
     For the membrane potential lab, students used two 
online simulations.  The first was the Nernst/Goldman 
Equation Simulator developed by the university of Arizona 
(https://apps.apple.com/us/app/the-nernst-goldman-
equation-simulator/id1022504095).  The second was the 
“Neuron” simulation developed by PhET Interactive 
Simulations and the University of Colorado Boulder 
(https://phet.colorado.edu/en/simulations/neuron).   
 
Learning Objectives and Assessment  
There were several learning objectives for the program 
which were addressed in a complimentary fashion across 
the four main components of the program.  The main 
objective of the program was to encourage interest in the 
field of neuroscience beyond the confines of this program.  
This included promoting student interest in majoring in 
neuroscience in college and wanting to work in a 
neuroscience research lab.  Students (n=52) voluntarily 
completed an online survey on the last day of the program 
that assessed this component.  The survey was distributed 
as a Google Forms document and responses were collected 
via that platform.  Questions prompted students to either 
respond on a 10-point scale (with 1 being low and 10 being 
high) or with free response.  The results were then 
compared with survey data from past years of the program 
(2016, n=42; 2017, n=40; 2018, n=41; 2019, n=41) (the 
program was not run in the summer of 2020 because the 
director, KH, was on maternity leave). 

https://apps.apple.com/us/app/the-nernst-goldman-equation-simulator/id1022504095
https://apps.apple.com/us/app/the-nernst-goldman-equation-simulator/id1022504095
https://phet.colorado.edu/en/simulations/neuron
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Table 4: Lab materials mailed to students 
 
     An additional program objective was introducing students 
to the fundamentals of neuroscientific content.  While the 
lectures, labs, neuroethics clubs, and journal clubs all 
contributed to this effort, the lecture and lab components 
most directly addressed this objective.  Within the lecture 
component of the course, the learning of neuroscientific 
content was assessed indirectly by student questions and 
participation.  The lab component of the course provided for 
a more direct assessment of student learning and involved 
the completion of lab manual questions on the Canvas 
online learning management system.   
     A third objective was for students to gain experience 
reading a scientific journal article.  This was addressed 
during the journal club component of the course.  The main 
assessment of this objective came from instructor and TA 
viewership of the student poster presentations that took 
place on the last day of the program.   
     The final objective was to give students experience with 
oral presentations.  This was achieved through both the 
journal club and neuroethics club components.  As 
mentioned above, both of these components culminated in 
final presentations, which were able to be assessed by the 
TAs and program director.  Additionally, one of the “Media 
based labs” was a powerpoint “blitz” in which pairs of 
students gave a one-slide powerpoint presentation about a 
particular brain region.   
 
RESULTS 
Interest in Neuroscience 
Overall, the program appeared to be successful in fostering  

 
 
Table 5: List of survey questions given to students and the 
averaged responses from the remote implementation of the 
program (2021) as well as the in-person years of the program 
(2016-2019) 
 
an interest in neuroscience amongst the students.  A survey 
administered to the students on the last day of the program 
indicated that on a scale of 1 to 10 (with 10 being the 
highest), student interest in neuroscience was a 7.58 prior 
to completion of the program, and was a 9.08 after 
completing the program.  This indicates a strong final 
interest in the field of neuroscience.  Additionally, these 
numbers are in-line with the results of program from the 4 
prior summers in which this program had been run in-person 
(Table 5).   
     Furthermore, students ranked their future likelihood of 
choosing a neuroscience major as 8.10 and their likelihood 
of trying to work in a neuroscience research lab while in 
college as an 8.44, which shows that this program 
succeeded in stimulating interest in the field.  These values 
were also similar to past in-person years of the program 
(Table 5), indicating that the online format did not detract 
from the ability of the program to cultivate this interest.  The 
range of student responses regarding their interest in the 
field of neuroscience, interest in majoring in neuroscience, 
and interest in working in a neuroscience research lab are 
shown in Figure 1.   
     Throughout the program, students remained engaged 
and positive in their demeanor.  We did not encounter any 
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Figure 1.  Individual student survey responses about their interest in neuroscience studies following completion of the program.  A.  
Students reported a strong interest in the field of neuroscience as a whole.  B.  The majority of students reported an interest in pursuing 
neuroscience as a major while in college.  C.  The majority of students reported being interested in working in a neuroscience research 
lab while in college.   
 
attendance problems with students regularly skipping any of 
the synchronous meetings or not participating in their final 
projects.  Students ranked their enjoyment of the lectures as 
an 8.40 and their ranking of the quality of the professors 
giving the lectures was a 9.08.  These values, along with 
their similarity to the scores of past years, shows that the 
online program was able to promote interest in neuroscience 
to a similar degree as the in-person program (Table 5). 
     Evaluation of the lab component of the course similarly 
showed that neuroscientific interest extended to this aspect 
of the program and was similar to in-person iterations of the 
program (Table 5).  This was particularly true of the hands-
on labs, reinforcing the fact that students perceive active 
learning to be the most engaging method of instruction 
(Score of 8.73).   
     Overall, this highlights that the program was successful 
at reinforcing an interest in neuroscience in these students 
and suggests that these students will be likely to continue to 
pursue neuroscience studies in the future.  This signals that 
the remote version of the summer program was successful 
at replicating this aspect of the in-person experience.   
 
Neuroscientific Content 
As this program was designed to be an introduction to the 
field, rather than a credit-earning course, the goal of the 
program was to provide a preliminary foundation of 
knowledge that students could then build upon more 

formally in the future in college.  As a result, grades and 
exams were not given for a quantitative assessment of 
content learned.  However, qualitative feedback indicated 
that students were intellectually stimulated.  For instance, 
one student wrote that “I really liked the lectures and all the 
reading recommendations! My favorite part, by far, was 
taking notes to the two hour lectures each day.  I feel like I 
learned so much information.” 
     The level of student engagement and participation during 
the synchronous lecture sessions varied, as is the case in 
any classroom.  With that said, many students did ask 
insightful questions during these lecture sessions, 
demonstrating that they were paying attention and engaged.  
When asked whether they felt that the lectures were 
delivered at an appropriate level (with a score of 1 meaning 
they were too basic, 5 meaning they were just right, and 10 
meaning they were too hard), students gave a score of 6.18, 
which is similar to, but slightly up from past years’ average 
of 5.97.  This indicates that the content was being delivered 
at an appropriate level, though also suggests content 
delivered online might be slightly harder to digest than in-
person.   
     The asynchronous lab activities were tracked via the 
Canvas Learning Management platform.  The lab activities 
were designed so that students accessed the lab manual on 
Canvas and entered in their lab manual responses on that 
site as well.  Student participation in the labs was high.  Out 
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of 61 students, only 2 students consistently struggled with 
turning in their lab assignments.  Across all labs, an average 
of 93% of students turned in their lab reports.   
     The student answers to lab manual questions were 
intended to be pedagogical in nature, rather than grade-
based.  In other words, the responses were intended to 
reinforce concepts rather than provide a numeric 
assessment of student learning.  For instance, the questions 
in the memory lab asked students to record their responses 
after different memory tasks and then discuss the memory 
phenomenon at work.  Another example is the cranial nerve 
lab which asked students to document what sensations they 
felt as they tested their different cranial nerves.  However, 
the high degree of relevant student entries on Canvas 
shows that the students were appropriately working through 
the labs in a similar manner to how they would have 
participated in the in-person program.   
     Additionally, the synchronous lab de-brief that students 
participated in daily after the asynchronous lab session 
allowed instructors to evaluate student comprehension of 
the material.  These sessions involved strategies such as 
proctored small-group discussions and active response 
tools (ex. Jam boards, surveys) that required students to 
actively enter in information and participate.  Student 
participation in these activities was high, indicating that they 
had completed the labs and were retaining the information.   
     Students also reported that the labs helped reinforce the 
concepts covered in the lecture (8.52) (Table 5).  This shows 
that the different components of the program succeeded in 
complementing one another and that the labs were a 
worthwhile way to reinforce student learning.   
 
Learning to Read a Scientific Journal Article 
Most high school students have not had previous exposure 
to a scientific journal article.  Learning to read a scientific 
paper can teach them about how data is presented and how 
the scientific community asks questions and conducts 
research.  It can also help students learn to think critically 
and can improve their ability to read a similar article in the 
future.  When asked about how useful the process was of 
learning to read scientific papers, students gave an average 
score of 8.75 (Table 5), which shows that they perceived this 
as being a valuable experience.  Given that this score was 
similar to the scores from in-person years of the program, 
this indicates that the quality of learning was not impacted 
by the online delivery of content.   
     Assessment of the student’s ability to read these journal 
articles came in the final poster presentation that the 
students prepared.  All students were expected to contribute 
to the creation of their group’s poster.  Given that these 
posters were made in small groups, the individual journal 
club TAs were able to ensure that all group members did 
participate.  Additionally, all group members were expected 
to speak when presenting their poster.  During the poster 
presentations, the program director (KH) and journal club 
TAs rotated through the different breakout rooms as 
students were presenting their poster presentations and 
ensured that all members of the group were speaking and 
participating.  Additionally, we asked questions to the 
presenters to gauge their understanding of the material and 

student responses indicated that they had absorbed the 
content.  While it is obviously unrealistic to expect high 
school students to achieve proficiency at reading the 
scientific literature, we were able to achieve our goal of 
giving students initial exposure to this genre.   
 
Presentation Skills 
The final goal for the program was to give students practice 
with presentations.  There were three different opportunities 
for presentations: 1. A one-slide powerpoint “blitz” about a 
particular brain region, done in partnership with another 
student during lab time; 2. The final journal club poster 
presentations; and 3. The neuroethics final presentations.   
     Students rated the journal club poster as being valuable, 
receiving a score of 8.71 (Table 5).  Through this process, 
they learned about this specific genre of scientific 
communication.  Also, by having them present their posters 
to several small audience groups, the repetition in 
presenting allowed them to work out “kinks” in their 
presentation style and practice their delivery, while the 
small-group format for an audience encouraged students to 
actually ask questions and speak up since they couldn’t just 
blend into the background of a large group.  Instructor 
assessment of these presentations, as well as the 
powerpoint “blitzes” indicated that students were 
participating in the exercise and gaining valuable practice in 
both designing and delivering a presentation.   
    The neuroethics club presentations were assessed by the 
individual neuroethics TAs.  They reported that their 
students were engaged with this delivery and, especially 
given the small-group nature of this delivery, enjoyed 
sharing what they had learned with their group-mates.  This 
past summer (2021) was the first year that we included 
neuroethics clubs as part of the summer program 
curriculum.  This component received the highest score out 
of the different components of the program, with students 
giving the neuroethics club an average ranking of 9.46 
(Table 5).  This reflects the high level of interpersonal 
interaction and discussion that was able to take place during 
these sessions and highlights the success of this particular 
component.  Overall, the ability of students to deliver three 
different presentations, all of which were observed by TAs 
or program instructors, shows that the program was able to 
successfully help students practice their presentation skills.   
 
DISCUSSION 
Program Objectives 
The program was successful at stimulating students’ interest 
in the field of neuroscience, introducing them to 
neuroscience content, introducing them to the process of 
reading scientific articles, and giving them practice with 
presentations.  Furthermore, student feedback indicated 
that the online program was both instructive and engaging.   
    An important role of summer high school programs is to 
encourage student engagement in a discipline, and the 
results indicate that student interest in the field of 
neuroscience was successfully stimulated by the content of 
the program.  When assessing student interest, it is 
important to note that the students participating in this 
program had already self-selected for having some degree 
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of interest in neuroscience, by virtue of the basic fact that 
they applied to a summer neuroscience program.  With that 
said, reinforcing this interest and retaining students in STEM 
fields is crucial, and these results indicate that these 
summer programs can effectively further this initial interest.  
 
One interesting area for future study would be to follow 
student matriculation and retention into neuroscience 
programs at the college and university level, particularly for 
traditionally under-represented student populations.   
     One component that appeared to be particularly relevant 
for the design of future summer programs was the 
neuroethics clubs.  These clubs successfully stimulated 
student interest, provided the students with an opportunity 
for interpersonal engagement, and encouraged a sense of 
community.  One student pointed out: “I loved getting to 
know people beyond working with them on assignments, 
particularly in smaller groups like within my neuroethics 
class.  In neuroethics it was nice to not only discuss topics, 
but the experience was enhanced since we got to know each 
other better than we could in the larger classes.” When 
considering the possible role of an online summer program 
in reaching non-traditional or underrepresented students, 
the ability to form a community, particularly a community of 
similar individuals, is crucial, as this can be vital in attracting 
and retaining students within the field.   
     In assessing the effectiveness of the learning outcomes 
of this program, one area for future research is to 
incorporate more quantitative analysis.  As the program was 
designed to be a preliminary introduction to the field of 
neuroscience, rather than a credit-earning course, 
quantitative assessment of learned content was not 
conducted.  However, this would be an important area for 
future study to validate the effectiveness of online delivery 
of information.   
      
Student Perceptions 
Student perceptions of the program were very positive 
overall.  One important consideration to take into account 
when assessing the student perceptions of the program is 
student expectations and alternative opportunities.  The 
course was clearly marketed as being an online course 
when students signed up for it, and during this time period, 
the majority of university programs were all being run 
virtually.  As a result, students may have inherently taken 
this into account when evaluating their satisfaction.  In other 
words, they may have been reporting that it was essentially 
“good for what was possible given the circumstances”.  
Executing a virtual program during a time when in-person 
programming is possible may present additional challenges 
in terms of satisfaction.  However, given that students would 
still be aware of the remote nature of the course when 
signing up, and thus have their expectations in line with this 
fact, it is unlikely that satisfaction would greatly decrease.   
     When asked about the extent to which the online nature 
of the course detracted from their experience, (with 1= it did 
not affect my experience at all; 10= it greatly detracted from 
my experience), students reported an average score of 5.65.  
Therefore, students do believe that the online nature of the 
program does not fully replicate an in-person experience, 

though not to an extreme degree.  Ultimately, given that the 
overall satisfaction with the program was high, the 
evaluation of each of the individual components was high, 
and learning objectives were achieved, this signals that an 
online summer program following this design has the 
potential to provide a quality educational experience to 
students.   
 
Ability to be Implemented Across Schools 
Accessibility 
One important advantage of the online nature of the 
program was that it allowed for a larger enrollment than in 
past summers.  Typically, our in-person summer program is 
capped at approximately 40 students, since we are limited 
in the amount of lab space that we have available to use.  
However, due to the flexibility of online learning, we were 
able to accommodate 62 students this summer, which is a 
large increase compared to past years.  Therefore, virtual 
learning provides an opportunity to reach a greater number 
of students, which can increase accessibility and potentially 
diversity for different student groups.  Additionally, this 
provides an opportunity for schools that might have resource 
constraints on campus (for instance, limited classroom or 
lab space, or limited housing) to offer a summer program. 
 
Financial Feasibility 
One important consideration for the implementation of this 
program template at different schools is the cost of the 
program.  Particularly when considering the adaptation of 
this program to different types of institutions or 
demographics of students, the cost of these features is 
pertinent.   
     While the program described here was funded by student 
tuition, which was substantial, the cost per student was 
approximately half (53%) of the in-person program tuition.  
Therefore, online programs are significantly more affordable 
for a participating student.  While not all students or 
institutions would be able to afford a full tuition program, 
there are grants available through organizations such as the 
National Science Foundation (NSF) and National Institute of 
Health (NIH) that support education programs for under-
represented populations.   
     Furthermore, while the four components of the program 
were designed here to complement one another and work 
together, it would be possible for a different institution to 
adapt a partial model depending on the resources and 
desires of their particular institution, which could cut down 
on costs.  For instance, if a school wanted to cut staff costs 
by minimizing the number of TAs, they could consider 
cutting out the Journal Club component.  Alternatively, given 
that labs represent a per-capita expense per student 
enrolled (and thus don’t become cheaper with a larger 
number of enrolled students), a school could consider 
cutting or re-designing the lab component.  In such a model, 
a school could consider designing their own virtual labs that 
do not require supplies to be shipped.   
     One thing to note is that students did report appreciation 
for the effort of sending the lab kits, saying that it helped 
them feel like they still got the “experience” of the traditional 
program.  Given this information, another option for cutting 
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costs is that a particular institution could consider keeping 
some of the less expensive labs while removing or replacing 
the more expensive ones.  As indicated in Table 4, the total 
cost of lab supplies per student was $43.65 (plus shipping).  
However, removing just the sheep brain dissection lab 
would decrease the cost to just $15.25 per student (plus 
shipping).   
     When considering the relative cost / value relationship of 
different components of this program, the sector of the 
program that received the highest scores was the 
neuroethics discussion groups.  As mentioned above, this 
component could be particularly valuable in an online 
summer program targeted at non-traditional students or 
underrepresented minorities, where a sense of community 
could be particularly useful to student engagement and 
retention.  This is encouraging, as the relative cost of this 
component is low since there are no additional tools or 
supplies needed beyond undergraduate TAs.   
 
Staffing 
While a number of staff are required for the current program 
setup, including lecturers, lab instructors, lab TAs, journal 
club TAs, and neuroethics club TAs, these positions could 
all be filled by the individuals at a variety of different types of 
institutions.  The lecturer and lab instructor positions can be 
filled with current instructional staff from the neuroscience 
program at that college or university.  And the TA positions 
could be filled by undergraduate students.  While our 
program used graduate students for the Journal Club TA 
position, we used undergraduates for all of the other TA 
positions, and they were able to successfully perform their 
roles.  The Journal Club TA position could still be 
successfully executed by a later-stage undergraduate 
(Junior or Senior) who has experience working in a research 
lab and reading journal articles.   
     One of the advantages of the remote nature of the 
program was that TAs had greater temporal and 
geographical flexibility.  They were able to schedule their 
Journal Club and Neuroethics Club meetings at times that 
worked for their schedule.  As a result, these TAs were able 
to hold other summer jobs or internships and still juggle this 
commitment.  They also did not face the constraint of having 
to physically be on campus.  Therefore, it was easier to find 
interested TAs than during past in-person iterations of the 
program.  Alternatively, if the quantity of TAs was a concern, 
an institution could consider a model in which a single TA 
ran multiple sessions (occurring at different times of day), 
making it a more substantive commitment for a fewer 
number of individuals.      
 
Challenges and Shortcomings  
While the program was overall a large success, there were 
several challenges that were faced that should be taken into 
consideration for future implementation of a remote summer 
program.   
 
Workload 
Despite the workload for this program being similar to past 
years when the program was in-person, more students 
complained about the workload during their evaluation than 

in past years.  One potential reason for this is that when the 
program is in-person, it is largely residential, with the 
majority of students living on-campus during the program.  
As a result, students are unlikely to have outside time 
commitments such as part-time jobs, family engagements, 
or appointments such as doctors visits that they are trying to 
juggle with the program.  Additionally, residential living on 
campus encourages a social component to completing the 
homework for the night (ex. students can study together), 
which is not possible to replicate remotely.  Time zone 
differences likely exacerbated some of this feeling of 
additional work and stress as well.  For students who were 
in hardship time zones and were having to stay up very late 
to participate in the program, additional homework probably 
felt more draining than usual given how tired they were.   
     Moving forward, careful consideration should be given to 
the amount of reading or other work assigned each night, 
with an effort made to minimize this as much as possible 
without compromising the learning outcomes of the 
program.   
 
Time Zones 
One of the biggest challenges that some students faced 
were time zone differences, which presented a challenge for 
the synchronous components of the class.  While efforts 
were made to provide a variety of meeting times for the 
small-group synchronous sessions (journal club meetings 
and neuroethics meetings), and scheduling of the whole-
group synchronous sessions attempted to be at a time that 
could work across a variety of time zones, it was ultimately 
very challenging to deliver content at a time that worked for 
every student.  While the timing of the program tended to 
work well for domestic students across the different U.S.  
time zones, it didn’t work as well for international students.  
Students in China were most acutely affected, as the whole-
group synchronous sessions took place very late at night for 
them.   
     Looking ahead, it is ultimately difficult to truly 
accommodate every domestic and international time zone 
with a remote program that meets synchronously.  However, 
one possibility could be to run a version of the program just 
targeting students from a particular time zone or range of 
time zones.  For instance, limiting applications to domestic 
students would allow a program to just have to manage a 
small range of time differences.   
     Similarly, an international-focused program could be 
designed specifically for that group of students.  One 
challenge with this latter option is that this would be taking 
place at a time that would possibly be challenging for the 
instructor.  However, this could potentially be done in 
collaboration with a foreign institution.  This could help to 
increase educational access to students in some countries 
who do not currently have opportunities to addend these 
types of programs.   
     An additional possibility would be to allow students in 
hardship time zones to watch a recorded version of the 
lecture content.  This could potentially be supplemented with 
an additional short synchronous discussion section based 
upon watching those recorded lectures that they could 
attend at a time that works well for their time zone (for 
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instance, a 9pm EST session, which would take place at 
10am in China) and that could potentially be facilitated by a 
student TA.  In doing this, the students would miss out on 
some of the interaction with other students in the program 
and with the faculty delivering the lectures, but would still 
allow them to gain the main benefits of the program and 
have some interpersonal interactions.   
     Ultimately, if nothing else, it is important for online 
programs to clearly publish the intended times of their 
synchronous sessions so that students from different time 
zones that are enrolling in those programs can make the 
decision about whether or not those times work for them.   
 
International Shipping 
One big challenge that was faced with the lab component of 
the program was shipping the lab supplies to international 
students.  Domestic shipping went smoothly to students 
within the United States.  However, for international 
students, the lab supply shipments were subject to customs 
regulations which presented several challenges.  The first 
challenge was an increased amount of time that the 
packages take to ship.  We anticipated that this would be the 
case, and shipped international packages out a month 
before the program began.  However, some packages still 
encountered some delays or holdups.   
     Additionally, some items were not able to clear customs.  
The most obvious of these was the Sheep Brains, which 
were omitted from all of the international lab kit shipments.  
As a result, the international students had to watch a video 
of an instructor performing a sheep brain dissection, rather 
than performing one themselves.  While this was just one 
day’s lab, it still is not ideal that some students have a 
different experience than others.  Food-based items (such 
as jelly beans and sour patch kids) were also not able to be 
shipped internationally, as they would increase the chances 
of the package getting held up in customs.  Therefore, 
students were asked to purchase those items themselves.  
Similarly, the Miracle Berry tablets were shipped to the 
students directly from a supplier so that they did not affect 
the customs clearance of our own lab kits.  Furthermore, 
some items additionally encountered more unexpected 
customs holdups.  For instance, the lab kit that was shipped 
to an international student living in Costa Rica was not able 
to clear customs because it contained a Wooden Tongue 
Depressor (used in the Cranial Nerve lab) and Costa Rica 
requires a special permit to import wood.  With additional 
experience shipping specific items to different international 
destinations, some of these challenges could be better 
anticipated in the future, but is something that instructors 
should be aware of and should plan accordingly.   
 
More Labs 
As mentioned above, we did not have hands-on labs for 
every single day of the program, with some “lab” time being 
spent watching videos or doing readings.  While these 
videos and readings were still engaging and enriching, they 
are more similar to other components of the program.  
Meanwhile, hands-on lab activities provide a different form 
of pedagogical engagement, and one that has been found 
to aid in the learning of concepts (DeBoer et al., 2017; 

Hanzlick-Burton et al., 2020; Ho et al., 2021).   
     Therefore, moving forward, it would be ideal to be able to 
incorporate additional hands-on lab activities that could be 
easily performed at home with the shipment of some simple 
“lab supplies”.  Further development of these activities in 
additional years would provide even more enrichment for the 
students.   
 
Conclusion 
Overall, through the incorporation of Synchronous full-group 
lectures, Synchronous small-group Journal Clubs, 
Synchronous small-group Neuroethics Clubs, and 
Asynchronous lab activities (with a synchronous full-group 
post-discussion), it was possible to deliver a full-day remote 
summer program.  Student interest in neuroscience was 
effectively supported.  Furthermore, students were 
introduced to the principles of neuroscientific content, 
gained experience reading journal articles, and practiced 
their presentation skills.  This is, therefore, a successful 
format for future implementation of remote full-day summer 
neuroscience programs.   
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