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Abstract

Lack of resources and exposure to neuroscience in K-12 education has resulted in a
limited number of K-12 students pursuing higher education in the field. Meanwhile,
the rapid expansion of the field of neuroscience has encouraged many higher educa-
tional institutes to offer neuroscience majors. This has opened up the opportunity to
engage faculty, as well as graduate and undergraduate students in bringing the most
needed knowledge and awareness about neuroscience into K-12 classrooms.
However, undergraduate neuroscience curricula have limited formal opportunities to
engage in outreach, and few existing programs have assessments to determine their
effectiveness. To address these needs, we developed quantitative assessment tools
that complement an existing neuroscience outreach program—Project Brainstorm—
at the University of California, Los Angeles (UCLA). 29 UCLA undergraduates en-
rolled in the 2016 and 2017 programs participated in this study, along with 298 K-12
students from local schools across the Los Angeles area. In undergraduate students,
we assessed (a) improvement in students’ teaching/communication abilities across
the course of the outreach program, and (b) confidence in explaining neuroscience
topics and interest in pursuing teaching career. In K-12 students, we evaluated (a)
knowledge gain in neuroscience topics and (b) interest in pursuing higher education.

Overall, Project Brainstorm showed significant improvement in all the
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1 | INTRODUCTION

Opportunities for exposure to neuroscience are often limited in K-12
education due to a variety of factors including: (a) lack of curricular
resources, (b) K-12 teachers having little formal training in neurosci-
ence, (c) scarcity of the overall funding dedicated to develop K-12
neuroscience educational programs, and (d) limited textbook space
devoted to the nervous system or other interdisciplinary intersec-
tions of neuroscience (Darling-Hammond & Baratz-Snowden, 2007;
National Center for Educational Statistics, 2011). As a result, only
a small number of K-12 students become aware of the exciting ad-
vances and wealth of information available about the nervous sys-
tem. This lack of exposure to neuroscience, and to science in general,
contributes to the relatively low number of K-12 students who pur-
sue science in higher education or prepare to enter the science and
technology workforce (National Science Board, 2010).

Meanwhile, the rapidly expanding field of neuroscience has en-
couraged an increasing number of higher education institutes to
offer majors in neuroscience (Coskun & Carpenter, 2016; Ramos,
Esposito, O'Malley, Smith, & Grisham, 2016). An undergraduate
major in neuroscience is a worthwhile investment as it provides
a strong foundation for graduate or professional education and it
opens doors to multidisciplinary careers, including biomedicine, data
analytics, and health policy. The establishment of these majors has
thus opened up the opportunity to integrate community outreach
into college education. Having been recognized as a great comple-
ment to currently under-resourced public STEM education by fed-
eral agencies (Editorial, 2009; Stevens, 2011), outreach programs at
universities engage faculty, graduate, and undergraduate students,
providing opportunities to impart much-needed awareness and
knowledge from their expertise to a broader audience. Given the lack
of resources in K-12 education, anecdotal evidence indicates that
some institutions of higher education have recognized these needs
and are developing outreach activities/programs for neuroscience
students both nationally (Brabb, Lack, & Rector, 2008; Butcher, Do,
Wensler, Shah, & Thorne, 2010; Deal, Erickson, Bilsky, Hillman, &
Burman, 2014; Gittis, 2009; McLaughlin et al., 2010; Stevens, 2011)
and internationally (Yawson et al., 2016). Undergraduates addition-
ally benefit from outreach activities as they receive opportunities to
develop communication skills, understand the public perception of
neuroscience, and gain teaching experience while testing their own
expertise. However, formal opportunities to engage in outreach as
part of an undergraduate curriculum are still limited and even less

effort has been devoted to developing assessment tools to evaluate

above-mentioned categories. The assessment tools and data presented here provide
a data-driven approach for optimizing neuroscience outreach programs and can easily

be adapted to other outreach programs within neuroscience and in other STEM fields.

K-12 STEM education, learning, neuroscience outreach, quantitative assessment, teaching

Significance

Most K-12 students have limited exposure to neuroscience,
due to insufficient school resource and lack of K-12 teacher
knowledge about neuroscience. UCLA has developed a neu-
roscience outreach program engaging faculty, graduate, and
undergraduate students to impart awareness and knowl-
edge of the brain to K-12 students. Here, we demonstrate
quantitative assessment tools that measure the efficacy of
an existing neuroscience outreach program in UCLA. The
assessment tools and findings, together with teaching re-
sources and framework of our program, provide an effective
model for outreach programs in other institutions. We
strongly believe these tools will improve neuroscience en-
gagement and learning through outreach, and ultimately fa-
cilitate the making of a strong STEM workforce.

the effectiveness of existing outreach programs. Thus, formalizing
an assessment for effectiveness of these programs would serve as
a useful step to integrating outreach efforts as part of neuroscience
education.

To address this need, we sought to develop sustainable assess-
ment tools for an existing outreach framework at the University
of California, Los Angeles (UCLA). Project Brainstorm, a field
experience and outreach course (Romero-Calderon et al., 2012)
offered by the Interdepartmental Program in Neuroscience every
year provides a well-defined opportunity for neuroscience grad-
uate and undergraduate students at UCLA to interact with K-12
students in the local community. As originally conceived (Romero-
Calderon et al., 2012), this 10-week course provides formal guid-
ance to undergraduate students in developing lesson plans on a
variety of timely neuroscience topics that are tailored to specific
age groups (elementary school, middle school, or high school), and
requires that they design creative hands-on activities to comple-
ment their lesson plan (Figures 1a and S1). In addition, undergrad-
uate students present a series of interactive “stations” (Figure 1b)
that demonstrate foundational concepts in neuroscience (e.g.,
human brain anatomy, comparative brain anatomy, brain injury,
and brain plasticity) to K-12 students. Project Brainstorm students
also participate in the annual Brain Awareness Week activities,
a well-received global initiative to educate the public about the
brain and diseases of the nervous system. Since the inception of

Project Brainstorm in 2006, over 100 schools have been visited
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Weeks 5-10

Visiting K-12 classrooms

\

Practice presentation:

Students present lesson
plan and hands-on activity
to peers (student teaching
evaluation #1).
Presentations are video
taped for self assessment /

YA N

Dress rehearsal:

Students make their
presentation to peers,
graduate students, former
teaching assistants, and
faculty (student teaching

Qvaluation #2)

(b) Human Brain Station Brain Evolution Station

Brain Injury Station

FIGURE 1 Project Brainstorm program outline (a) Flow chart and description of activities during the 10 weeks of the quarter. (b)
Illustration of materials used for the different interactive learning stations

(a)

Project Brainstorm students

Program Objectives

U 7 e  Exercise Neuroscience expertise through coaching
Graduate e  Build leadership abilities
‘- Students e  Strengthen advocacy and fund raising skills
e Enhance organizational abilities
U 150 e Consolidate neuroscience knowledge through teaching
Undergraduate e Improve teaching and communication skills
- Students e  Enhance teamwork and organizational skills
e Inspire young minds
sgmn 6000 e  Gather insightful interactive exposure to neuroscience
O K-12 e  Build interest in STEM and higher education
- Students e Develop self-awareness to brain research
(b) : L i o€ (c) Non-title-1 Private schools

FIGURE 2 Impact of Project 2
Brainstorm from 2011 to 2017. (a)
Program objectives for Project Brainstorm
participants. (b) Distribution of greater
Los Angeles schools that participated

in Project Brainstorm and/or Brain
Awareness Week between 2011 and
2017. Number of schools in each category
is given in parentheses. (c) Distribution

of school type and grade level of
participating schools

within the greater Los Angeles community. Locations and demo-
graphic distribution of schools visited between 2011 and 2017 is
included in Figure 2b,c.

To improve and strengthen Project Brainstorm’s outreach ef-
forts, we developed a series of assessments to quantitatively mea-
sure the efficacy and effectiveness of this program. Herein, we have
summarized these assessment tools and data collected from 298

Gogle My Maps.

@ Schools that participated in school visits (102)
® Schools that participated in Brain Awareness Week (29)

Title-1
Public
schools

_4.84%

lonan public schools "
© .9 S 17.74% \ v
Y C} Charter
« schools

Elementary scho, Middle schools
32.7

33.62%

@ o

33.62%
High schools

K-12 students and 29 undergraduate students. We first studied the
development of teaching and communication skills in undergrad-
uate students, as well as their preference for teaching as a career,
before and after participating in Project Brainstorm activities. We
then examined K-12 students’ neuroscience learning and interest
in science before and after exposure to Project Brainstorm activ-

ities. Our results demonstrate that K-12 student participants and
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undergraduates alike show an improvement in neuroscience knowl-
edge. Project Brainstorm’s activities have a positive impact in moti-
vating K-12 students toward pursuing higher education in science,
as well as inspiring undergraduates to pursue teaching careers. The
assessment tools and data presented here can be easily applied to
facilitate the evaluation of other outreach programs in general and
provide a data-driven pathway for optimizing outreach programs in

the future.

2 | METHODS

2.1 | Participants

29 UCLA undergraduates who enrolled in Project Brainstorm in
2016 and 2017 participated in this study along with 298 K-12 stu-
dents. The latter were from 15 schools in the Los Angeles area,
which received visits from Project Brainstorm in 2016 and 2017 and
completed pre- and post-visit surveys. Demographic information
for representative schools visited are included in Figure S2. Prior to
the day’s activities, parents and/or legal guardians of the K-12 stu-
dents provided signed consent forms to allow for the activities to be
recorded and used for educational purposes.

2.2 | Ethical standards and subject consent

This study was reviewed by the Ethics Committee of the Medical
Faculty of the University of California Los Angeles, and was found to be
exempt under section 45 CFR 46.102(d) of the Federal Regulation for
Protection of Human Subjects. Subject consent forms were collected

and properly documented before all the surveys were performed.

2.3 | Good teaching practices training

The Project Brainstorm course began by providing undergraduate
students with some basic teaching skills. Students received evi-
dence-based training on effective teaching practices. Lectures in-
troduced the 5E (Engage, Explore, Explain, Elaborate and Evaluate)
Instructional Model (Bybee, 1997), and covered the importance of
“desirable difficulties,” or strategies that lead to better long-term
retention and flexible representations of knowledge (e.g., retrieval
practice, spacing of important points, etc.) in teaching and learning
(Bjork & Bjork, 2011). Students also played a “Tappers and Listeners”
game that demonstrated the “curse of knowledge,” a cognitive bias
that occurs when experts or individuals with more knowledge of a
situation assume that novices understand and have access to the
same knowledge (Froyd & Layne, 2008). The “curse of knowledge”
is a roadblock to effective communication during teaching and
learning, as teachers may have a difficult time placing themselves
in the position of the learner (i.e., the presenters assume that K-12
students have the same scientific background knowledge and try
to present their topic with materials and explanations geared to-

ward undergraduate neuroscience majors). Students were required

to implement these skills into their teaching preparation. Over the
course of the class, student presentations were assessed through a
series of practice presentations in class, before their school visits
(Figures 1a and S1).

2.4 | Undergraduate student teaching assessment

Teaching evaluation forms were created based on common good
practices recommended to new teachers in general. Fifteen ques-
tions were chosen to form the assessment. Each question (Q) was
carefully designed to measure different components of effective
teaching: Q1-Q10 evaluated whether the 5E effective teaching ap-
proaches were properly applied; Q11-Q12 were content-related
assessments to determine whether lesson plans were organized
systematically with age appropriate information; Q13-Q15 tested
improvement on general speaking skills, such as fewer verbal fill-
ers, more eye contact or proper voice projection, to name a few.
Teaching evaluation forms were scored on a Likert scale 7-point sur-
vey, where 7 indicated outstanding (needed no improvement) and 1
indicated poor (needed much improvement). Each lesson plan was
evaluated twice, during both the practice presentation and dress
rehearsal presentation by instructors, coordinators, and student
peers involved in the outreach program. Additionally, presenters
were given the opportunity for self-assessments through videotape
recordings of practice presentations (Figures 1a and S1). As students
prepared to deliver their lessons at K-12 classrooms, these video as-
sessments were used to help strengthen their communication skills
and improve their overall presentation. For each question, the fol-
lowing comparisons were performed using the Mann-Whitney test
to evaluate students’ improvement: (a) 1st quarter practice versus
1st quarter dress rehearsal, and 2nd quarter practice versus 2nd
quarter dress rehearsal to evaluate the improvement after training
in each quarter; (b) 1st quarter dress rehearsal versus 2nd quarter
practice to check whether training effect gets carried over to the
second quarter; and (c) 1st quarter practice versus 2nd quarter dress

rehearsal to evaluate the overall improvement after two trainings.

2.5 | Undergraduate student survey on
neuroscience and teaching interests

All undergraduate students completed a survey at the end of the
Project Brainstorm course to assess: Q1-Q2: their overall con-
fidence/intention to pursue teaching as a potential career, and to
determine if there were any shifts after Project Brainstorm experi-
ence; Q3-Q4: improvement in their ability to convey neuroscience
topics to individuals with or without neuroscience background;
Q5-Qé6: whether Project Brainstorm helped to gain a deeper un-
derstanding of the particular neuroscience topic they or their peer
students chose, and Q7: whether Project Brainstorm as a formal
undergraduate course was an overall valuable experience. A Likert
scale 7-point survey was used for these assessments, where 7 indi-
cated “strongly agree” and 1 indicated “strongly disagree” (Figure

S3). The change to each survey question after Project Brainstorm
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experience was assessed among all students using the Willcoxon

matched-pairs test.

2.6 | Evaluation of K-12 student learning on
neuroscience concepts

To measure K-12 students’ comprehension of neuroscience topics,
we developed assessments that evaluated their understanding and
knowledge retention of the specific neuroscience topics presented
in their classrooms. These assessments addressed the unique topic
covered in each classroom and were thus individually tailored for use
in a specific class. The assessments were composed of 3-6 multiple-
choice questions that were designed to address key learning objec-
tives drawn from lesson plans established for each classroom and
adjusted for age-appropriate difficulty levels. An example of these
questions is provided in Figure S4.

The sets of questions for each K-12 classroom visit were gener-
ated by the presenting undergraduate students and vetted by the
instructors of the course prior to being administered to K-12 class-
rooms before (pre-visit) and after (post-visit) Project Brainstorm’s
visits. Pre-visit surveys were administered to K-12 students either

immediately before the presentations or a week before the school

ourALO L

Neuroscience Researc

presentation, in order to assess long-term, but not immediate,
knowledge retention (Soderstrom & Bjork, 2015). To assess individ-
ual K-12 students neuroscience topic-specific learning, we gathered
the students’ ID numbers on these surveys as identifiers, and applied
a paired comparison to detect differences between the pre and post-

test for each student and to assess individual progress.

2.7 | Survey of K-12 student STEM interest

To gauge the interest of K-12 students in pursuing higher educa-
tion in STEM, and to determine if exposure to Project Brainstorm
activities affected this interest, we designed another category of
questions, i.e., “STEM interest questions” (Figure S5). This set in-
cluded six questions constructed to assess K-12 students’ over-
all interest in learning neuroscience and science in general, and
their intention to pursue higher education. The same set of STEM
Interest Questions was administered to each classroom and school
that was visited. These questions were administered both pre-visit
and post-visit, following the same schedule as the neuroscience
topic-specific questions. Since the pre- and post-visit survey were
performed anonymously, two sample Mann-Whitney test was

performed to examine the difference after Project Brainstorm

visit, while post-visit surveys were administered a week after the experience.
Engage Explore Explain Elaborate Evaluate
¢ 5k ok r * % \ [ **** J ok sk ok *'ﬁ‘ * *ok % 5k * ok ok % \ **** r * k% k
I - - T N W *,ﬂ‘*.*—*‘ *‘.ﬁ.* .*—*. T
80% I I I 6.5
60% -
40% 22
? o 5
20% H] | H ! i 4.5
0% | E n - - - N | | -
- Ql-- Q2 - Q3 Q4 - QS Q6 - Q7 - Q8 - —-Q9--  --Ql0--
Ql: Clearly stated learning objectives
Content General Speaking Skill Q2: Generated curiosity for the topic
. * . Q3: Asked student previous knowledge
**** |** **** **** (T Q4: Stated connections to prior student knowledge
100% a5 Q5: Defined new terms and principles
80% . I 6.5 Q6: Demonstrated clearly to explain abstract ideas
60% 6 Q7: Stated relationships between presented ideas
20% 5.5 Q8: Repeated learning objectives throughout lesson
0
| 5 Q9: Engaged the audience with questions
20% 4.5 : ;
0% i [ | | | "] L 4' Q10: Gave enough time to listeners to respond
- Qll--- --Ql2-- - Q13 -  --Ql4--- --Q15-- Q11: Included information time / age appropriate
Q12: Organized presentation systematically
1 2 3 4 5 6 7 Q13: Made eye contact and spoke to class
Strongly Disagree Strongly Agree
I ’ ®ee ®ee Q14: Spoke at the right volume to be heard
Q15: Minimally used speech fillers (e.g. "'um", "like")

FIGURE 3 Undergraduate students showed continued improvement in their teaching and Communication abilities after having taken
Project Brainstorm class. Likert scale assessment survey was administrated to evaluate 11 undergraduates’ presentation skill in 2017 Project
Brainstorm class. For each question in the survey, there are four columns corresponding to 4 presentations from left to right (a) 1st quarter
practice, (b) 1st quarter dress rehearsal, (c) 2nd quarter practice, and (d) 2nd quarter dress rehearsal. For each column, stacked percentage of
the response for each of 7-point scale with different colors was shown on the left Y-axis, while the white dot indicated the mean score of the
response based on the scale in the right Y-axis. Statistical significance of corresponding comparisons from Mann-Whitney test were shown
at the top across the columns (****p < 0.0001, ***p < 0.001, **p < 0.01, *p < 0.05)



115 8 JOURNAL OF

SARAVANAPANDIAN ET AL.

Neuroscience Research
3 | STATISTICAL ANALYSES

For Likert scale survey, we assessed the difference in responses
across all participants before and after Project Brainstorm experi-
ence using nonparametric tests. We performed Mann-Whitney test
for two-sample unpaired comparison and Wilcoxon matched-pairs
test for two-sample paired comparison. While sum of ranks or signed
ranks was used to assess the statistically significant differences in
the comparisons, the means of score was displayed to show the
direction of changes. GraphPad Prism 8.0 (GraphPad Software; La
Jolla, CA, United States; www.graphpad.com) was used for all analy-
ses. Cohen’s d analysis was used to describe the standardized mean
difference of an effect, measuring the practical significance of the
(http://staff.bath.ac.uk/pssiw/stats2/page2/pageld/pagels.
html). Statistical significance was defined by p < 0.05 and statistical

work

tests were two-sided in all the analyses.

4 | RESULTS

4.1 | Undergraduate students showed improvement
in teaching and presentation skills after attending
Project Brainstorm

During the 1st quarter of 2017, shown as in the first two stack col-
umns in Figure 3, undergraduate students showed significant levels
of improvement between practice and dress rehearsal presenta-
tions (Figures 1 and S1) in the majority of the categories. The biggest
improvements were related to 5E teaching approach assessments
(Figure 3 top panel), such as clearly stated learning objective (Q1),
stated connection to prior student knowledge (Q4), defined new
terms and principles (Q5), demonstrated clearly to explain abstract
ideas (Q6), stated connections between presented ideas (Q7), re-
peated learning objectives throughout lesson (Q8). Approximately
75% of these students were part of a special program that required
them to enroll in both Winter and Spring quarters to qualify for full
course credit. Hence, we compared the 1st quarter dress-rehearsal
presentations and the 2nd quarter practice presentations (the sec-
ond and third columns in Figure 3) to determine whether such im-
provements were maintained. No significant changes in scores were
found for most of the questions, except for Q5: defined new terms
and principles. When we compared performances between prac-
tice presentations versus dress rehearsal presentations from the
2nd quarter of 2017, students continued to show a significant im-
provement in 10 out of 15 categories (the third and fourth columns
in Figure 3). The remaining five categories did not show significant
improvement in the second quarter. This could be due to students
having higher baseline scores to begin with, or students maintaining
improvement through the course of the second quarter. The most
significant improvements overall were still related to the 5E teach-
ing approach assessment, such as stated connection to prior student
knowledge (Q4), defined new terms and principles (Q5), and gave
enough time to listeners to respond (Q10). Moreover, we found sig-
nificant improvement in all categories between 1st quarter practice

presentation and 2nd quarter dress rehearsal presentation (the first

and fourth columns in Figure 3).

4.2 | Undergraduate students expressed increased
confidence in communicating science and increased
interest in pursuing teaching careers

Surveys (Figure S3) for gauging undergraduate students' interest in
neuroscience and teaching revealed a significant increase in their
interest in teaching (Q1) after participating in Project Brainstorm
(Figure 4). Importantly, they showed a significant boost of confi-
dence in their overall teaching skills (Q2), as well as in communicating
neuroscience to others, including a general audience unfamiliar with
neuroscience topics (Q3-Q4; Figure 4). Moreover, a majority of stu-
dents strongly agreed that they had a better understanding of both
the neuroscience topic that they picked for their presentations (Q5:
Mean => 6.18/7) and of those their peers presented (Qé: 6.63/7).
Most students (Q7: 6.9/7) strongly agreed that Project Brainstorm

was overall a rewarding and worthwhile experience.

I Strongly Disagree 1. 6 o & 6 & ‘ Strongly Agree
* % %k %k %k * %k [ %k % \
100% '-_‘ ; L L 7
80% I I I 6
60% 5
40% | | 4
20% ‘ ‘ 3
0
0% a1 Q2 Q3 a2

Q1: Considering a career in teaching Science

Q2: Feel confident about my general teaching skills

Q3: Feel confident about teaching neuroscience concepts
to others

Q4: Feel confident about teaching neuroscience effectively
to individuals without a neuroscience background

FIGURE 4 Project Brainstorm significantly boosted their ability
to effectively teach and communicate their knowledge to a general
audience, and positively influenced undergraduate students’
interest in pursuing a career in teaching. Likert scale 7-point self-
assessment survey was administrated to 11 undergraduates who
enrolled 2017 Project Brainstorm class. Two columns for each
question represented answers before (the first column) and after
(the second column) taking Project Brainstorm. For each column,
stacked percentage of the response for each of 7-point scale with
different colors was shown on the left Y-axis, while the white dot
indicated the mean score of the response based on the scale in the
right Y-axis. Sum of signed ranks was used in Wilcoxon matched-
pairs test (***p < 0.001, **p < 0.01)
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4.3 | Project Brainstorm significantly enhanced K-12
students’ neuroscience learning

Pre- and post-visit responses to neuroscience topic-specific ques-
tions were analyzed from seven K-12 schools—three elementary,
two middle, and two high schools—visited during the Winter and
Spring quarters of 2016 (Table 1). Despite the variation in topics and
student ages, all the subject groups showed gains in topic-specific
knowledge as indicated by the medium to very large effect size be-
tween the pre- and post-visit responses, suggesting that the presen-
tations’ main learning objectives had been met. More importantly,
long-term learning appeared to have occurred as shown by post-visit

retention of topic-specific knowledge.
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4.4 | Project Brainstorm significantly enhanced K-12
students’ STEM interest

Finally, pre- and post-visit STEM Interest Question surveys were col-
lected from 298 K-12 students across a variety of ages and grade
levels (Figure S5). A significant change was observed for all ques-
tions between the pre- and post-visit surveys (Figure 5), indicating
that Project Brainstorm effectively increased K-12 students’ inter-
est in learning science and understanding the brain and its functions
(Q1, Q5-Qé, Figure S5). Notably, our analysis revealed that K-12
students showed a much stronger intention to attend college or pur-
sue science as a future career (Q2-Q 4; Figure S5) after the Project
Brainstorm visit.

TABLE 1 Comparisons of K-12 students’ pre- and post-visit responses to neuroscience topic-specific questions on the topics the K-12

students were taught

Number of students Number of Pre-TEST Post-TEST Inferential
Topic & type of school per classroom questions (mean * SD) (mean * SD) statistics? Effect size”
Vision & Sleep 24 3 1.750 £ 0.794 2.333+0.761 t(23) = 2.933; 0.599
Elementary School p =0.007
Motor High School 33 4 1.364 £0.929 2.394 + 1.029 t (32) = 4.36; 0.759
p < 0.001
Neuroplasticity 37 5 2.054 +£0.998 3.189 +0.938 t (36) = 6.524; 1.073
Middle School p < 0.001
Memory Elementary 38 6 2.868 £ 1.398 4.895+1.134 t (37) = 7.346; 1.192
School p < 0.001
Senses Elementary 40 3 1.216 +0.787 1973 +0.726 t (39) = 4.976; 0.818
School p <0.001
Motor Middle School 116 5 2.405 + 1.165 3.578 £ 1.136 t(115) = 7.811; 0.725
p < 0.001
Stress High School 23 6 3.696 + 1.396 4783 +1.166 t(22) = 2.926; 0.610
p =0.008
?Paired student’s t test. °Cohen's d analysis.
Hno, not at all mrarely sometimes = most of the time M yes, very much
60% 3
40% 2
o l | ;
0% - = | - = - [ J— 0
Pre- Post- Pre- Post- Pre- Post- Pre- Post- Pre- Post- Pre- Post-
visit  visit visit  visit visit  visit visit  visit visit  visit visit  visit
Enjoy learning Importance Want to be Goto Learn about Learn more
Science ? of science ? scientist? College? brain ? about brain ?

FIGURE 5 Project Brainstorm significantly enhanced K-12 students’ interest in Brain research and motived them to pursue higher
education. For each column, stacked percentage of the response for each of 5-point scale with different colors was shown on the left Y-axis,
while the white dot indicated the mean score of the response based on the scale in the right Y-axis. Sum of ranks was used in Mann-Whitney

test (****p < 0.0001, *p < 0.05)
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5 | DISCUSSION

We have developed teaching and learning assessment tools to
measure the effectiveness and efficacy of an existing outreach
program, Project Brainstorm, at UCLA. Teaching evaluations were
based on general common good practices recommended in training
new teachers. Undergraduate students developed questions for the
pre- and post-visit tests based on the main ideas K-12 students were
taught. Through these newly developed tools, we found that Project
Brainstorm is effective in improving undergraduate students overall
teaching/communication skills, developing their interest in pursuing
teaching as a career, and increasing K-12 students science knowl-
edge and interest in STEM.

Overall, the students who participated in Project Brainstorm re-
tained the improved teaching/communication skills throughout the
second quarter (Figure 3). It is worth noting that Q5 was the only skill
that didn’t retain the improvement in the beginning of the second
quarter. Defining new terms and principles successfully, requires
that the presenter has a good “a priori” understanding of their audi-
ence’s background, as well as their knowledge and comprehension of
the topic. This observation suggests that the “curse of knowledge” is
a continuous hurdle for students and initially can prevent effective
communication. Remarkably, Q5 together with Q4 are also the two
skill sets that showed the most significant continuous improvement
in the second quarter between practice presentations and dress re-
hearsal presentations (Figure 3 top panel). The most effective teach-
ers will connect students’ previous knowledge to the novel unknown
and guide them to explore and learn (Ambrose, 2010). Hence, the
continuous positive effect that Project Brainstorm had on the stu-
dents’ ability to define new terms effectively and connect with the
audience’s previous knowledge strongly supports its usefulness in
effectively improving teaching skills.

Furthermore, participation in Project Brainstorm clearly boosted
the undergraduate students’ confidence in communicating neurosci-
ence and helped consolidate their neuroscience knowledge. A grow-
ing body of evidence suggests that teaching or even just preparing to
teach others (Cohen, Kulik, & Kulik, 1982; Nestojko, Bui, Kornell, &
Bjork, 2014; Peets et al., 2009; Rohrbeck, Ginsburg-Block, Fantuzzo,
& Miller, 2003; Roscoe & Chi, 2007) has learning benefits not only
for the pupil, but also for the teacher. Effective teaching requires
a strong grasp of knowledge, and above all that the knowledge be
structured and communicated in a clear and logical fashion. From
interactions during teaching, teachers are required to continuously
update their knowledge, as well as refine the structure and meth-
ods of communication. University opportunities in which students
teach others can thus serve as a valuable learning-through-teach-
ing experience, consolidating student knowledge and developing
communication skills that may help facilitate the transition to post-
college positions. For instance, undergraduate students enrolled in
Project Brainstorm have shown evidence of improved confidence in
teaching and better understanding of the variety of neuroscience
concepts. These are skills that would directly transfer to teaching
or neuroscience research careers, but would also assist students in

preparing for careers involving strong communication skills, such as
journalism, public policy, and law.

Our observations also provide strong evidence that Project
Brainstorm significantly benefited the K-12 school students who
participated in the program. STEM interest survey questions admin-
istered in every school visit generated a large sample size of 298
K-12 students and their analysis suggested a significant improve-
ment in every category, including both the general interest about
neuroscience and basic neuroscience learning. For each school visit,
a different topic-specific questionnaire was designed to gauge learn-
ing specific to each lesson plan. Hence, the sample size was limited
to 30-50 students per class. Using their student IDs as identifiers,
we were able to detect improvements of each student before and
after presentation. Additionally, based on anecdotal observation,
we noticed that when we sent pre-visit surveys before our school
visit and asked K-12 classroom teachers to administer the survey,
we usually obtained higher average scores in pre-visit surveys than
what we obtained when we administered the survey ourselves right
before presenting the lesson. One possible reason for this could be
that teachers prime the students on the topic being evaluated. Thus,
it is imperative to remind K-12 classroom teachers not to prime their
students before testing, in order to generate an objective result.
Future studies will also address the influence of gender of trainees
and K-12 students on the outcome measures. This would be valu-
able in understanding the impact of outreach programs in motivating
more women to pursue STEM careers.

This is a comprehensive study to quantitatively assess both
neuroscience undergraduates’ and K-12 students’ knowledge gain
through a neuroscience outreach program. In order to help outreach
programs in other schools to adapt and generate classes and lesson
plans about the brain, we have provided these assessment tools (sur-
veys, pre- and post-visit assessments, etc.) together with course de-
scription and curriculum (Figures S1, S3-S5). Representative lesson
plans/presentations and presentation videos can also be provided
upon request.

In summary, UCLA’s Project Brainstorm outreach program incor-
porates learning-through-teaching strategies in the undergraduate
classroom and is truly making a significant impact on the community.
It provides a valuable experience that can foster the undergraduates’
interest and knowledge in neuroscience and a teaching career. Such
efforts should not be and are not limited to neuroscience outreach,
and can easily be adapted by and applied to other STEM fields. We
make it our mission as a public university to bring our expertise
from classrooms to communities, particularly those with modest re-
sources (45.16% of K-12 schools we visited are Title 1 schools), and
provide a dynamic and impactful learning experience. By bringing
our enthusiasm and expertise to K-12 students, we strive to improve
their understanding of neuroscience as well as to create an oppor-
tunity to promote and grow the interest in STEM. The quantitative
assessment tools provided here, together with our outreach pro-
gram framework and teaching resources, provide effective models
for other educational outreach programs to adapt. Moreover, the
assessment tools and data presented set up a data-driven pathway
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for optimizing outreach programs. We strongly believe these efforts
into quantitative assessments to improve neuroscience learning and
engagement through outreach will facilitate the making of a stronger
STEM workforce.
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