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“Everyday Neuroscience” is an academically based 
community service (ABCS) course in which college students 
teach basic neuroscience lab activities to high school 
students in an under-funded school district, working in small 
groups on hands-on science activities for 10 weekly 
sessions.  The present study examined the possible 
psychological and social effects of this experience on the 
college students, in comparison with peers not enrolled in 
such a course, by observing and surveying the high school 
and college students across the 10-week course period. 
First, the teaching-learning sessions in the course 
successfully promoted science-focused discussion between 
the high school and college students for 45 to 60 minutes 
each week.  Second, college students in “Everyday 

Neuroscience” reported higher positive affect and less 
intergroup anxiety at the end of the semester compared with 
the control group of college students who were not in the 
course.  Finally, surveys of the high school students 
revealed that they found the sessions to be positive social 
experiences.  These findings reveal that a neuroscience-
based community engagement course can be both a 
positive experience for the community partner and a benefit 
for college students by promoting psychological and social 
wellness.   

     Key words: contact hypothesis; high school; outreach; 
positive and negative affect scale (PANAS); service learning

A crucial component of the mission of many universities is 
to have a positive impact on their local communities (Benson 
et al., 2007).  One means through which universities 
collaborate with community partners is service-learning 
courses, in which college students receive course credit 
while engaging with the needs of the community.  Such 
courses have the twin benefits of addressing community 
goals while also providing college students with unique 
educational experiences that tackle real-world challenges, 
promoting self-efficacy and well-being  (Bringle and Hatcher, 
2000; Gonsalves et al., 2019; Bowman et al., 2010).   
     “Everyday Neuroscience” is an academically based 
community service course in which neuroscience majors 
develop and teach basic neuroscience lab activities to high 
school students in an under-resourced school (Flanagan-
Cato, 2019).  The Philadelphia School District has the 
highest national child poverty rate, at 30 percent, and 
Pennsylvania ranks 45th in state-provided school revenue 
(National Center for Education Statistics, 2022).  To address 
gaps in science education, this course provides an 
opportunity for the high school students to experience 
personalized, hands-on science lessons.  Given that a lack 
of preparation can prevent students from persisting in 
science, technology, engineering and mathematics (STEM) 
education (Cota-Robles and Gordan, 1999;  Gándara and 
Maxwell-Jolly, 1999), it is hoped that strengthening the 
preparation of these students will allow more of them to 
follow paths into STEM careers.  They may also gain health 
and science literacy skills critical in modern society (Alberts, 
2022).  In this way, the course aims to improve dispartities 
in access to the STEM workforce and in health literacy for 

the high school students. 
     For the college students, the course improves their skills 
in science communication, innovation, and critical thinking 
(Flanagan-Cato, 2019).  Science communication requires 
experience, as one learns to avoid jargon and maintain a 
familiarity with common knowledge versus expertise.  Skills 
in innovative problem-solving and critical thinking are 
essential in careers that involve shifting challenges and 
evolving technologies.  Thus, these skills equip college 
students to be more effective in their future careers in 
science or medicine.  It is worth noting that a combination of 
improved science literacy for the public and science 
communication among the college educated may alleviate 
problems of distrust in science that have hampered scientific 
endeavors, such as clinical trials, vaccine acceptance, and 
addressing climate change (Brownell et al., 2013; Holzer et 
al., 2014). 
     The present report investigates the potential additional 
advantages this course may offer the college students.  In 
recent years, college students have been experiencing 
increased rates of depression and anxiety (Lipson et al., 
2022), with more than 60 percent of students meeting 
criteria for one or more mental health problems. 
Community-engaged coursework may safeguard 
undergraduates in this regard, given that such courses have 
been shown to have related positive effects, including on 
well-being (Brewer et al., 2018) and feelings of social 
efficacy (Sax et al., 1999).  Therefore, it was reasonable to 
examine whether “Everyday Neuroscience” might also have 
salubrious effects on mood.   

 The setting in which “Everyday Neuroscience” takes 
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place enabled us to investigate not only the degree to which 
science service learning might affect students’ overall mood 
across the semester, but also the degree to which they feel 
at ease interacting with people who differ from themselves 
on key demographic variables.  The past few years have 
witnessed many disturbing instances of racial, ethnic, and 
political hostilities.  These events have re-energized many 
universities’ efforts towards improving social exchange 
across the diverse ethnic and socioeconomic groups in our 
society (Harkavy et al., 2020).  Such cross-group contact 
may initially evoke intergroup anxiety, defined as the arousal 
induced by intergroup interactions because of expected of 
discrimination and/or uncertainties regarding behavioral 
norms (Stephan and Stephan, 1985).  Positive social 
outcomes may emerge with extended cross-group contact, 
thereby diminishing intergroup anxiety (Wright et al., 1997).  
Given that “Everyday Neuroscience” comprises consistent, 
informal interactions between groups that differ in their racial 
and socioeconomic backgrounds and educational 
experiences, the present report also investigated the impact 
of the course on the undergraduates’ intergroup anxiety.  In 
addition to describing these results, the present report 
includes a description of how the format of the course has 
evolved since the original report 
 
MATERIALS AND METHODS 
The Course 
“Everyday Neuroscience” is an academically based 
community service (ABCS) course at a large, Ivy League 
university in an urban environment in the mid-Atlantic United 
States.  The course was designed to invest in students a 
discipline-relevant, mutually impactful community 
engagement experience.  As reported previously (Flanagan-
Cato, 2019), the college students design and teach weekly 
hands-on neuroscience activities for 10 consecutive weeks 
to high school students.  The first weeks of the semester 
were dedicated to providing context about the academic 
level and prior poorly resourced education of the high school 
students we would be teaching.  In addition, teaching 
strategies were discussed, with an emphasis on flexibility to 
individualize lessons, frequent comprehension checks, 
reinforcing effort, and “meeting students where they are.” 
Because students worked in small groups, classroom 
management was not an concern.  The first five activities 
strengthen the high school students’ foundation in cell 
biology, macromolecules, diffusion and osmosis, DNA 
structure and genetics.  The final five activities introduce 
neuroscience topics, specifically, reflexes, taste, vision, 
attention, and memory.  In addition to these community-
facing activities, the college students engage with readings 
and guest lecturers that highlight the intersection of 
neuroscience and the community work, including topics of 
cognitive development, learning, motivation, and the 
neurobiological impacts of poverty.  
     The present report is based on three semesters: Fall 
2021, Spring 2022, and Fall 2022.  Teaching-learning teams 
were created to include three college students and two to 
four high school students, and membership in these groups 
remained consistent across the semester.  Weekly 
attendance was documented.  On average, there were 2.8 

college students and 2.6 high school students in each group.  
Thus, the teacher-student ratio was close to 1:1. 
     The structure of the interactions was recorded by a 
research assistant during the Spring 2022 semester, noting 
at 10-minute intervals the main activity of each group, 
whether it was socializing, mentoring or engaging with the 
lesson.  All groups spent 45 to 60 minutes of the allotted 90 
minutes focused on the teaching-learning activity.  The 
average time spent socializing or mentoring averaged 10 
minutes or less per lesson.  These observations indicate that 
the teaching 4essionns created productive learning 
conditions.   
 
Participants 
The “ABCS group” was comprised of the undergraduate 
students enrolled in “Everyday Neuroscience”.  More than 
half the students were neuroscience majors; other typical 
majors were biology, psychology, or health and society.  The 
enrollment per semester ranged from 24 to 33 students. 
     The “control group” was comprised of students taking 
Introduction to Experimental Psychology, which is not 
required of neuroscience majors, although many 
neuroscience majors take it.  As an introductory-level 
course, this class is taken by a broad spectrum of majors, 
ranging from humanities to social and natural sciences, in 
addition to students who have not yet declared a major.  The 
enrollment per semester is approximately 300.  The course 
gives credit towards the final grade for students participating 
in any of a menu of research activities, and these surveys 
were one of the options.  Completing the surveys involved 
no specific training or preparation.  Approximately 20% of 
the students in the control group had participated in a 
service-learning course previously.   
     Each semester involved a new set of students in both the 
ABCS and control groups, and across the three semesters, 
a total of 77 students in the ABCS courses and 78 students 
in the control group completed both the pre- and post-
surveys at the beginning and end of the semester,  
 
 

 Control 
N=78 

ABCS  
N=77 

Year in college (%)   
     Senior  29 75 
     Junior 36 25 
     Sophomore  35 0 
Female (%) 81 86 
Ethnic group (%)   
     White, non-Hispanic  51.9 61.4 
     Asian or Pacific Isl.  31.2 23.4 
     Black or African Am. 9.1 5.7 
     Hispanic  10.4 12.9 
     Other 1.3 2.9 
Socioeconomic (%)   
     Highly aided  10.4 8.6 
     First-gen. college  26.0 12.9 

 
Table 1.  Demographic features of the college students who 
completed the surveys across three semesters.   



The Journal of Undergraduate Neuroscience Education (JUNE), Spring 2023, 23(1):A159-A165      A5 
 

respectively.  The demographic features of these two 
subgroups are shown in Table 1. 
     The high school students consisted of 10th graders (a new 
group of students each semester, for a total of n=69) from a 
small public high school located in the same city.  The school 
does not offer academic tracking.  According to the school’s 
decision, the students were selected for participation in this 
course based on teachers’ recommendations, which were 
based on attendance and academic motivation.  In this way, the 
course included approximately 60% of the 10th graders each 
year.  A few of these students had individualized education plans 
(IEPs) based on learning differences.  Some of these students 
had family members with college experience, and some of these 
students had worked with college students in other educational 
programs. 
     The high school student population primarily identified as 
Black or African American (95%), and 99% were eligible for 
free or reduced lunch.  Although there was some racial and 
economic overlap, the high school students were 
demographically dissimilar to most of the college students 
on dimensions of age, education level, race, and economic 
status.  The teaching-learning groups were created 
randomly from the first meeting to insure consistent social 
contact throughout the semester.  Uniformly, the college and 
high school students did not know each other previously.   
 
Survey Instruments  
The college students were asked to complete two 
questionnaires administered via Qualtrics.  The surveys 
included a consent agreement in accordance with the 
University of Pennsylvania Institutional Review Board.  Five 
percent of their final grade was based on completing the 
consent forms.  Completing the survey itself was otherwise 
voluntary and not incentivized.  Thus, students had the 
option to opt out of these surveys with no penalty.  The 
survey was sent by the research team, not the instructor, 
and the introduction to the survey emphasized the need for 
honest responses for the sake of research validity.  The 
students were given 24 hours to complete the surveys to 
ensure that responses were in a similar time frame for 
everyone.   
     The first survey was administered early in the semester, 
before contact with the high school students, and the second 
at the end of the semester, after the last day of interaction.  
The survey submissions were anonymous and coded to 
allow the pre- and post-surveys to be paired.   
     In addition to the demographic information described 
above, the surveys included the Positive and Negative 
Affect Schedule short form (PANAS-SF; Thompson, 2007) 
and a subset of the Intergroup Anxiety Scale (Stephan and 
Stephan, 1985).  The PANAS-SF asks how strongly various 
emotions are felt, including 10 positive (enthusiastic, 
interested, determined, excited, inspired, alert, active, 
strong, proud, attentive) and 10 negative (hostile, irritable, 
guilty, ashamed, nervous, jittery, distressed, upset, afraid, 
scared) items on a five-point scale (Very Little to Not at All = 
1; to Extremely = 5). The scores for all positive items were 
combined, and likewise for all negative items, with possible 
scores for each ranging from 10 to 50.  Based on the 
Intergroup Anxiety Scale, students were asked to respond 

to the following prompt: Imagine you are the only Penn 
student interacting with local urban high school students, 
compared to occasions when you are interacting only with 
other Penn students, to what extent would you feel, on a 
sliding scale 0-100, confident, happy, relaxed (“Ease” 
items), self-conscious, awkward, defensive (“Anxiety” 
items).  An average was created for the “Ease” items, and a 
separate average was created for the “Anxiety” Items.  A 
final score of “intergroup security” was created by 
subtracting the “Anxiety” from “Ease” value.  In this way, a 
higher score reflects more intergroup security. 
 
Data Analysis 
The experimental design was to examine the independent 
variable of social contact with the high school students on 
the dependent variables of positive and negative affect and 
intergroup security for the college students.  This was tested 
by measuring before and after contact sessions (pre-test 
and post-test) and controlling for course-unrelated changes 
across time by comparing students enrolled in the course 
with a comparison group of students not enrolled in the 
course.  Preliminary analysis found no effect of semester on 
survey results, and therefore both control (n=78) and ABCS 
(n=77) groups included students from all three semesters.  
For each student, a pre- and post-semester score was 
computed for the PANAS-SF and intergroup security.  A two-
way ANOVA was conducted to assess the possible 
differences in pre- and post-semester responses and a 
possible difference based on ABCS participation.  Post-hoc 
Student’s t-tests were used when appropriate.  The statistics 
program R was used for descriptive and inferential statistics.  
Results are presented as the mean + standard error of the 
mean.  All hypothesis tests used α=0.05 as the criterion level 
of significance. 
 
RESULTS 
It is important to note that the high school students indicated 
that they felt socially comfortable and respected during their 
interactions with the college students, based on survey 
responses from the end of the semesters (Table 2).  Indeed, 
in the final survey, one high school student offered this 
comment: “I’ve had a very good time here with the [college] 
students and they taught me so much about different topics 
and helped me every step of the way.”  This feedback from 
the high school students suggests that the teaching-learning 
sessions were a socially positive experience for them.   
     The PANAS-SF was used to examine possible mood 
differences between the ABCS students and the control 
group, combining students in both groups across the three 
semesters.  A two-way ANOVA was conducted to assess 
the possible factors of time (beginning versus end of the 
semester) and group (control versus ABCS).  There was no 
main effect of time; however, there was a significant main 
effect of group (F=32.01, p<0.001).  Specifically, the ABCS 
group began and ended the semester with significantly 
higher positive mood scores than the control group (both 
p<0.001), as shown in Figure 1. In post-hoc analysis, the 
college students’ pre- and post-semester composite scores 
for positive affect showed that the control group experienced 
a significant reduction in positive mood across the semester  
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Belongingness  
   I feel part of the college community   79.0 
   The college feels part of my community   80.4 
Feeling Thermometer  
(cold = 0=50; warm = 50-100)  
   I feel towards the college students    77.5 
   The college students feel towards me   77.8 
   The college students feel towards Robeson students   80.9 
Inclusion  
   I feel included when working with the college students   79.6 
   I feel like an outsider to the college students   29.0 
Bias/Assumptions  
   The college students listened and respected what  
   I had to say   86.2 
   I felt accepted by the college students   85.4 
   I feel like I connected with the college students   80.9 
   I felt like I could be myself around the college students   77.3 
   I think the college students explain things at the right level   83.8 
   I think the college students respect my intelligence   83.9 
   I think the college students were interested and  
   respected my interests and opinions   82.8 
   I think the college students did not make negative  
   assumptions about me   85.7 
 
Table 2.  High school students’ responses to survey questions at 
the end of two semesters (n=30).  All questions could be answered 
with a sliding scale, a range of 0 to 100, with the indicator starting 
point at 50.  Unless otherwise indicated, 0=Disagree and 100 = 
Agree. 
 
(32.6 + 0.9 vs. 30.4 +0.9, p< 0.001).  In contrast, the ABCS 
group displayed no reduction in positive mood across the 
semester (36.5 + 0.8 vs. 36.3 +0.8).  Thus, there was 
significant interaction between time and group (p<0.05). 
     Regarding the negative composite score, a two-way 
ANOVA was conducted to assess the possible factors of 
time (beginning versus end of the semester) and group 
(control versus ABCS); there was no main effect of time.  
Neither the control group nor the ABCS group experienced 
a significant difference in scores when comparing their pre- 
and post-semester surveys (21.4 + 0.8 vs. 21.1 + 0.9, and 
19.0 + 0.8 vs. 18.7 + 0.9, respectively), as shown in Figure 
2.  There was, however, a significant main effect of group 
(F=6.55, p<0.02).  Specifically, the ABCS group began and 
ended the semester with a significantly lower negative mood 
scores than the control group (both p<0.001).  Accordingly, 
no significant interaction was found between time and 
group.  
     The Intergroup Anxiety Scale was adapted to examine 
possible differences between the ABCS group and the 
control group regarding intergroup security.  A two-way 
ANOVA was conducted to assess the possible factors of 
time (beginning versus end of the semester) and group 
(control versus ABCS); there was no significant main effect 
of time.  A main effect of group was, however, significant 
(F=4.87, p<0.05).  Specifically, the ABCS group began and 
ended the semester with significantly higher scores of 
intergroup security than the control group (both p<0.001), as 
shown in Figure 3.  The control group did not experience a  

 
 
Figure 1. Positive affect comparing beginning of the semester (pre-
test) versus end of semester (post-test), combined data for three 
semesters.  Whereas students in the control group showed a 
reduction in positive affect across the semester, students in the 
ABCS group showed no change, as reflected in a significant Time 
x Group interaction. Error bars indicate the standard error of the 
mean. **.01 significance level, *.05 significance level. 
 
significant change when comparing their pre- and post-
semester surveys (17.3 + 3.5 vs. 15.9 + 3.5).  In contrast, 
the ABCS group displayed a significant improvement in 
intergroup security when comparing their pre- and post-
semester scores (38.8 + 3.0 vs. 52.3 + 3.2, p<0.001). 

 
DISCUSSION 
As a community-engaged course, “Everyday Neuroscience” 
has been shown to benefit aspects of college students’ well-
being, with students reporting an increased sense that they 
have something to contribute to society and increased 
confidence to share their ideas (Flanagan-Cato, 2018).  The 
present report adds details regarding these teaching-
learning sessions, determining that the high school students 
experience positive social interactions.  Regarding the 
outcomes for the college students, the present study 
revealed that, compared with a control group of college 
students, participants in the course experienced less of a 
decreased positive mood and a greater reduction in 
intergroup anxiety.  Each of these findings will be discussed 
in turn.  
     As mentioned above, community engagement courses 
should be mutually beneficial, providing value to the 
community partners as well as the college students.  The 
evidence presented here suggests that the teaching-
learning groups spent most of the lesson focused on the 
science learning of the high school students.  The 
preparation that the college students received, regarding 
personalizing the lessons and pacing the activities to match 
the individual high school students’ interests and 
educational background, may have helped keep the 
teaching-learning groups on task.   
     Another noteworthy aspect of this study was the survey 
data from the high school students signifying the social  
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Figure 2.  Negative affect between the beginning and end of the 
semester (pre- versus post-test). Neither group showed a 
significant change in negative affect across the semester of study.  
Error bars indicate the standard error of the mean.  
 
comfort level they felt with the college students.  In questions 
worded to assess inclusion, belongness or threats of bias, 
responses consistently indicated that the high school 
students were not harboring feelings of alienation or bias 
towards them.  These responses are important, given that a 
sense of belonging contributes to students’ decisions to 
persist in STEM education (Rainey et al., 2018), and they 
are consistent with evidence that personal relationships are 
critical for a sense of belonging (Johnson, 2012).  The multi-
week contact may have contributed to these favorable 
views, given that extended contact has been shown to 
reduce bias (Cameron et al., 2006; Liebkind and McAlister, 
1999).  Regarding the college students, as they pursue 
careers in clinical or translational research, they may draw 
on their experience working with community partners to 
enhance the quality and relevance of their future research 
(Brownell et al., 2013; Skinner et al., 2018).  
     As mentioned above, there has been a concerning rise 
in undergraduate mental health issues (Lipson et al., 2022).  
Mental health is a key factor in academic success, and 
supporting students’ mental health is economically 
compelling for colleges (Eisenberg et al., 2009).  Although 
the present report did not directly measure mental health, 
scores for the positive PANAS items have a large negative 
correlation with Beck’s Depression Index (Thompson, 
2007).  Likewise, negative PANAS scores have a large 
positive correlation with Beck’s Depression Index and 
anxiety.  Given that the ABCS students began the semester 
with higher positive mood scores, and lower negative mood 
scores, than the control group, those with better moods may 
self-select to enroll in a community engagement course.  
Nevertheless, the results suggest that the ABCS course 
may prevent a decline in positive mood during the semester. 
A common theme in students’ final reflections was that the 
course gave students a sense of purpose.  For example, one 
student wrote, “This class has helped me apply my 
neuroscience knowledge in a real-world setting, which was 
super exciting for me– I always felt that neuroscience was 
fun and interesting, but I never got the chance to use it much 
outside of class. Also, this class is structured so that we get 
to learn more about making real impacts in our 
communities.”  Another theme in the reflections was that the  

 
Figure 3.  Intergroup security in the beginning and end of the 
semester (pre- versus post-test) Whereas students in the control 
group showed no change across the semester, students in the 
ABCS group showed a marked increase in intergroup security, as 
reflected in a significant Time x Group interaction. Error bars 
indicate the standard error of the mean. ***.001 significance level, 
**.01 significance level. 
 
social interactions were a unique feature of the course.  As 
one student wrote, “Another thing that is so special about 
this class is that every week you are working in the same 
groups every time so you really get to build a special 
relationship with the students and the other [college] 
students. This has created a special bond and nothing like 
any other class I have taken.”  Previous work has shown that 
positive affect is correlated with both meaning in life and 
sociability in college (Costa and McCrae, 1980; Emmons 
and Diener, 1986; Lyubomirsky et al., 2005; Zika and 
Chamberlain, 1992).  Further studies will be needed to 
determine the possible contributions of a sense of purpose 
and the social interactions experienced in the course to 
support a positive mood.   
     Modern life, including our educational system, 
increasingly involves working within diverse groups; 
however, intergroup anxiety may challenge one’s emotional 
and behavioral regulation, draining executive function, 
reducing cognitive abilities (Trawalter and Richeson, 2006, 
and interfering with effective communication (Stephan and 
Stephan, 1985; Stephan et al., 1999).  Although students 
who enrolled in “Everyday Neuroscience” began the 
semester with more intergroup security than their peers, 
participation in the course further increased intergroup 
security.  A common theme in the students’ reflections was 
that they developed a personal familiarity with the high 
school students.  As an example, one student wrote, “I 
remember back to the first day we met the students. They 
all seemed very quiet as we tried to engage them with 
icebreaker questions.  However, getting to meet with us 
each week made them more comfortable. Eventually, we 
reached the point where we could not stop laughing together 
as we threw marshmallows around during the reflexes lab.  
Each lab became not only an opportunity to teach a new 
subject, but also to relax and enjoy each other’s company.”  
Future studies will be needed to determine the importance 
of regular contact over time in reducing intergroup anxiety in 
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this context. 
     Several limitations of this study should be noted.  As 
mentioned, students self-selected to enroll in “Everyday 
Neuroscience,” and the course may attract students with 
more positive moods and less intergroup anxiety at 
baseline.  Such students may be predisposed to retain a 
positive mood across the semester and experience 
improved intergroup security after interacting with an 
unfamiliar group.  It is currently unknown whether students 
with lower moods and more intergroup anxiety would also 
have these benefits.  Another limitation arises from the use 
of surveys, in which participants may feel compelled to 
conform with some perceived expectation.  Furthermore, 
these survey responses capture a narrow time frame, which 
may not represent the more general mood or intergroup 
feelings of the participants.  In the future, adding a waitlist 
control group and experiential sampling would help address 
these concerns.    
     The current findings raise several important questions for 
future study.  For example, it is unknown how long the 
improvement in intergroup security may last.  Second, 
although the college students anecdotally report that 
participation in the course reinforces their neuroscience 
knowledge, this has not been rigorously studied. A long-
lasting reduction in intergroup anxiety, as well as an 
academic benefit for knowledge and concept retention 
would be important to document.  Likewise, it would be 
valuable to examine the possible long-term benefits for the 
high school students regarding social well-being, academic 
achievement, and a possible persistence in STEM studies.   
     In summary, “Everyday Neuroscience” creates a venue 
for science teaching and learning, supporting a positive 
social connection with the local high school students and a 
sustained positive mood and increased intergroup security 
for the participating college students.  
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