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Science communication, social consciousness, and collaboration are all essential for ethical, public-minded science. This
zine-based communication project presents an opportunity for students to engage in authentic communication whilst
developing their social, neurological, and justice-oriented understandings of neurodivergences. The project employed
hands-on, team-based learning; generative writing-to-learn and writing-to-teach methodologies, augmented by the
inclusion of artistic design; and authentic purpose and audience engagement. The success of the project was evaluated
through self-assessment surveys, which students completed prior to and following the conclusion of the project.
Combined quantitative and qualitative analysis of these surveys demonstrates that students made significant gains in
knowledge of both the neurological and social aspects of neurodivergences across multiple domains. Students reported
increases in depth of knowledge, as well as development of personal allyship, communication skills, and collaboration
ability. The Zine Project may be implemented in undergraduate courses to support students in gaining these critical

skills.

Educational theorists have long held that the scientific
community has an ethical obligation towards accurate, ef-
fective, and community-conscious engagement and com-
munication—a necessity that has become more readily ap-
parent in the aftermath of the COVID-19 pandemic (Dewey,
1927; Leshner, 2003; Matta, 2020). Community engage-
ment is a core goal for many post-secondary institutions
(Morin et al., 2016); researchers and funding bodies alike
endorse participation in science communication as critical
for the success of scientific enterprises, from the classroom
to broadscale initiatives (e.g. NSF’s ‘Broader Impacts’ merit
criterion). Furthermore, there is an increasing emphasis on
interactions and communication with non-experts, partic-
ularly as that work pertains to making science more eth-
ical, social-justice-oriented, and responsive to community
needs and values (Rose et al., 2020).

Furthermore, management and communication skills
are valued across life sciences career paths, as well as by
graduate students and advisors (Shah & Juavinett, 2022),
and written communication in the sciences is considered a
core competency for undergraduate neuroscience and neu-
roscience careers (AACU, 2007; Akil et al., 2016; Woodin
et al., 2010). Specifically, critical and integrative thinking,
written and visual communication skills, and an appreci-
ation of how neuroscience can contribute to solving soci-
etal problems are now held as necessary components of an
effective, inclusive, forward-facing neuroscience pedagogy
(Ramirez, 2020).

In order to develop these skills, students benefit from
hands-on, authentic learning projects. Pedagogical struc-
tures that involve the creation of a novel idea or synthesis
are considered one of the most effective tools for develop-
ing students’ long-term skill and content knowledge (An-
derson & Krathwohl, 2001; Bloom, 1956; Krathwohl, 2002).
Furthermore, artistic, creative approaches to teaching sci-

entific concepts can deepen learning and engage different
dimensions of thinking; incorporating artistic methodolo-
gies can be used to promote “transformative creativity,”
which refers to the ability to develop new methodologies
and approaches to scientific questions (Hake, 1998;
Lehmann & Gaskins, 2019).

Despite their strong theoretical grounding, writing-to-
learn and writing-to-teach paradigms are only recently
gaining traction in undergraduate neuroscience curricula.
These approaches have shown significant efficacy in devel-
oping students’ deeper conceptual understanding of scien-
tific concepts and socio-scientific issues (Balgopal et al.,
2018; Reynolds et al., 2012; Vazquez et al., 2012).

Another critical dimension of developing projects that
target socio-scientific understanding is authenticity to
community and student body. Authentic science communi-
cation projects are positively associated with student con-
fidence (Cirino et al., 2017). Additionally, such pro-
jects—those that have genuine purposes related to the
goals and values of the students—are uniquely positioned
to integrate culturally sustaining pedagogies, develop stu-
dents’ nature of science understandings and facilitate epis-
temic cognition.

“Culturally sustaining” or “culturally relevant pedagogy”
is a framework for teaching that centers not only academic
content or skills but also cultural and sociopolitical compe-
tencies. It intentionally works to advance equity, build re-
lationships, and cultivate an anti-oppressive practice, valu-
ing students’ lived experiences and integrating the cultural
context of the educational system into teaching in a way
that aims towards liberation (Berthoff, 1990; Ladson-
Billings, 1995, 2014). This framework is critical in the con-
text of socio-scientific issue education, to develop students’
understandings of the nature of science in its political, his-
torical, cultural, and social contexts, and to actively dis-
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mantle systems of oppression (Berthoff, 1990; Lederman et
al., 2013; Leung, 2022; Zeidler & Keefer, 2003).

Zines are short, hand-designed magazines combining
text and graphical elements, historically with a social or po-
litical purpose. While zine-making has long been a staple
of the humanities, its application in STEM education is
not widespread (Buchanan, 2012; Congdon & Blandy, 2003;
Thomas, 2018; Williamson, 1994). Zines that convey cur-
ricular material to students were adopted in high school
chemistry classrooms, resulting in increased content-based
performance and enhanced enjoyment in learning (Cook
& van Hest, 2024). When students create science zines,
it deepens their knowledge of a topic and requires them
to translate technical jargon into public-facing narratives,
which enhances conceptual understanding and science
communication (“participatory science literacy”, Yang,
2010). Despite their potential, zines remain underutilized
in interdisciplinary or transdisciplinary learning, including
when teaching STEM-related social justice and advocacy
(see Brown et al., 2021 for one example of this pedagogy in
STEAM in an out-of-school setting).

The Zine-based curriculum presented here engaged stu-
dents in an authentic, culturally relevant science commu-
nication scenario, during which they developed skills in
collaboration, socio-scientific integration, and creative
communication. The motivation to develop this zine-based
curriculum was that the core curriculum for our Neuro-
science major provided limited content knowledge on neu-
rodivergences (one lecture on “Autism” in our 200-level
course) or the neurodiversity movement, which views pre-
viously-pathologized differences in brain function and be-
havior as normal variation in the human population (Fung
& Doyle, 2021). Throughout the project, students worked in
small groups to craft zines on the topic of a neurodiverse
condition for distribution to a local middle school. Students
explored the neurological and societal contexts of various
neurodivergences, while learning about the ways in which
the science of neurodiversity has been shaped by cultural
and societal expectations and narratives. Together, these
elements allowed students to develop their understanding
of neuroscience and communication through a personally
meaningful medium, augmenting their knowledge and skill
gains.

MATERIALS AND METHODS

Participants were students (n = 33) at Wellesley College,
a small liberal arts college in the Northeastern United
States serving women and other minoritized genders. Stu-
dents were senior neuroscience majors enrolled in the Cap-
stone Seminar in Neuroscience, which is mandatory for ma-
jors at Wellesley College; students were distributed across
three sections of the course (one section of 9 and two sec-
tions of 12), each taught by a different professor with their
own interpretation of the lesson plans. All students had
completed two core courses in the neuroscience depart-
ment, both including laboratory work, in addition to an
introductory cellular and molecular biology laboratory
course. Two students of the original 33 opted out of giving
consent for the use of their survey data, and 3 students

failed to complete the pre-survey. The Brandeis University
IRB (which oversees all human subject research at Wellesley
College) deemed this human subjects protocol exempt in
accordance with 45 CFR 46.104(d)(1), under protocol
#25037R-E to S.M.H. Gobes).

Classwork & Project

The Zine Project was introduced to students as a creative
expression of a research project on neurodivergences with
an advocacy component. Students were told the purpose of
the zines: to serve as educational tools for middle-school
aged children, offering insight into the neurological aspects
of various conditions while highlighting the strengths and
unique perspectives of neurodivergent individuals. Prior to
being introduced to the Zine Project, students completed
a self-report questionnaire consisting of a combination of
free response and rating scale questions intended to assess
students’ attitudes, skills, learning, and knowledge devel-
opment (Supplementary Material 1A). Students received
credit for completing the questionnaire but were told the
content of their answers would not affect their grade in the
course as the survey was anonymous.

The concept of neurodiversity was introduced through
the assignment’s first learning goal: to “demonstrate gen-
eral knowledge of neurodiversity. Students should be able
to define and explain the concept of neurodiversity, un-
derstanding that it encompasses the natural variation in
neurological conditions, cognitive abilities, and behavioral
traits within the human population”. The concept was fur-
ther defined through an assigned reading of the online
text: ‘What is Neurodiversity’ by the Child Mind Institute
(https://childmind.org/article/what-is-neurodiversity/).
The assignment was scaffolded with four workshops, each
75 minutes, spread throughout the semester:

1. a workshop with the science librarian on effective re-
search methods and reliable resources.

2. introduction to zines (what zines are) and to the au-
dience (middle school children), and a workshop on
successful group work, including creating a group
contract. During this workshop, the teams were
formed based on interest in a specific topic (choice
of: Attention-Deficit /Hyperactivity Disorder, anxiety,
Autism Spectrum Disorder, dyscalculia, dyslexia, Ob-
sessive Compulsive Disorder, or a different neurodi-
vergence suggested by the students) and the skill they
bring to the table (e.g. creative design, background
research etc).

In between workshops 2 & 3, students were tasked with
doing their background research on the topic and creating
an outline of the information that they intended to share
with their audience (approximately 5 hours of out-of-class
work) in preparation for the next workshop:

3. discussion of the zine format (i.e. what is effective &
what is not) in small groups based on examples of
zines on different topics.

Between workshop 3 & 4, students created the first ver-
sion of their zine (approximately 10 hours of out-of-class
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work) and brought it to class for the fourth and final ses-
sion:
4, peer review, in which students gave each other feed-
back in a Jigsaw format using peer feedback forms.

At the conclusion of the course, and after students
handed in their final Zine, they completed a second anony-
mous questionnaire (Supplementary material 1B). Qutside
of the workshops, no class time was allotted to the Zine
Project or to covering content related to neurodivergences
and neurodiversity. No instructor feedback was provided
except in-class while walking around the tables. Other as-
signments in the course centered around writing a mock
NIH F31 grant proposal, conducting Journal Clubs on arti-
cles written by visiting guest speakers, and exploring career
opportunities.

The Zine assignment instructions for students, lesson
plans, and all other teaching materials are available on re-
quest at this Google Drive link: https://drive.google.com
drive/folders/l1ehnuidaa5iBROMwZJRDZoRc-
tyOI8Dxil?usp=sharing.

Data analysis
Matched pre- and post- questions

Paired t-tests were conducted on matched pre- and post-
project questionnaire ratings. An alpha level of 0.05 was
used.

Other quantitative measures

All possible combinations of quantitative measures were
analyzed for correlation using the Bayesian Pearson Corre-
lation function in SPSS; p-values were corrected for multi-
ple comparisons using the Benjamini-Hochberg correction,
also conducted in SPSS. A post-correction alpha level of
0.05 was used.

Qualitative analysis

Qualitative responses were collated between pre- and
post-surveys based on anonymized participant codes. They
were then processed via a combined grounded theory and
framework-based thematic analysis approach.

First, survey responses were tagged in Taguette using a
combination of predetermined thematic categories based
on the learning goals and content objectives outlined in
the project description and emergent categories based on
patterns observed during tagging (tags available in Supple-
mentary Material 2). Analytical memos describing emerg-
ing themes were written throughout grounded-theory data
analysis (Birks, 2008). Following the initial coding process,
all content with shared tags was collated and reanalyzed for
patterns within the categories, allowing for characteriza-
tions of internal patterns. These patterns were then used to
develop final theme categories and produce a proposed nar-
rative mapping of student experience of, and learning via,
the Zine Project.

RESULTS

Students reported gains in knowledge of the
social and neurological aspects of neurodiversity

Students completed surveys prior to and following com-
pletion of the Zine Project, about 3 months apart. Based
on their appraisals of their own knowledge at each time-
point, the project led to significant increases in knowledge
of both the neurological (Fig. 1A) and societal (Fig. 1B) as-
pects of neurodiversity. This demonstrates that students
increased their confidence in their knowledge of the topic,
an interpretation that is further supported by students’ own
reflections on the post-project survey: when asked to rate
their improvement in understanding on a 1 to 10 Likert
scale, students reported a mean of 7.5 (SD = 2.25). These
gains in understanding were primarily in the domains of
neuroanatomical correlates of neurodiversity, social move-
ments, medical context, and presentation, as determined by
thematic analyses of open-ended survey responses (Table
1). Though students reported learning about a multitude
of themes, many noted in their surveys that they primarily
explored these broader notions solely through the lens of
their specific zine’s topic, or that they had the opportunity
to learn a lot about certain particular ideas but not neuro-
divergence overall. A quantitative tally of instances where
students described an increase in depth of knowledge or
knowledge solely on a specific sub-topic vs. instances in
which students cited an increase in knowledge of neuro-
diversity more generally showed that a greater proportion
of students noticed improvements in depth (72.4%), rather
than breadth (37.9%), of knowledge.

Advocacy and tangible change were
foregrounded in personal learning, whereas
appreciation and breaking down stigma were
priorities for communication

Multiple students described a desire to pursue further
projects where they would educate people about and advo-
cate for neurodivergent communities. In some cases, this
theme was developed through a focus on advocating for
increased accommodations and access to support. Several
students reported a shifting mindset from neurodivergence
as a negative to a positive attribute, and others described
developing understandings of their own neurodivergence
and that of those around them. Over 70% of student re-
sponses described an intention towards future advocacy or
education work (Fig. 2).

In describing their goals for communicating with youth
through the Zine Project, students noted a desire to break
down stigma, counter stereotypes, or otherwise increase
acceptance and appreciation for neurodiversity.

The Zine Project developed student research,
communication, and collaboration skills

In addition to the personal development students de-
scribed, many cited improvement in key dimensions of sci-
ence communication, including designing communications
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A “How much do you know/understand about the
neurological aspects of neurodiversity right now?”

10

2

PRE POST

B “How much do you know/understand about the
societal relevance of neurodiversity right now?"

10 -

3 ~

PRE POST

Figure 1. Students reported gains in content
knowledge of both neurological and social aspects of
neurodiversity. Responses aspects of neurodiversity
right now?" (A) and “How much do you know/
understand about the societal relevance of
neurodiversity right now?” (B). Each line represents
pre/post answer values from a single student and
overlapping lines from multiple students with the
same values are represented with a circle for each
additional student. Both comparisons were significant
at a threshold of < 0.001 per paired t-test.

for a specific audience (79%), isolating and summarizing
key information (65%), communicating clearly (41%), using
graphical design elements (82%), creatively conveying in-
formation (55%), and integrating scientific and societal in-
formation (58%). Many students also described practicing
and improving skills in collaboration (76%) (Fig. 2).

Post-project knowledge and skill gains were not
predicated on pre-project knowledge or interest
level

There were no significant correlations between pre-pro-
ject variables, including prior interest in neurodiversity,
previous Zine creation experience, or outreach, and post-
project self-evaluation of project success and benefit. Sim-
ilarly, prior knowledge of neurodiversity topics did not cor-
relate positively or negatively with any of the quantitative
outcome variables on the post-project survey. That said, re-
sponses to post-project survey questions asking students to
rate their contributions to and experience with the collab-
orative process were significantly and positively correlated
with student ratings of improvement in transferable skills
(p = 0.002, R = 0.542.), success in achieving project objec-
tives around creativity (p < 0.001, R = 0.630), and improve-
ments in understanding (p = 0.002, R =0.517).

DISCUSSION

The Zine Project effectively increased students’ per-
ceived understandings of the neurological and social as-
pects of specific neurodivergences while developing their
self-reported abilities to communicate science, collaborate
with teammates, and view neurodiversity from a social jus-
tice lens.

Students’ content learning spanned multiple domains
of knowledge. However, despite this variety, students pri-
marily reported increased depth of knowledge, rather than
increased breadth. Given research demonstrating that in-
creased depth of learning, rather than simply greater
amounts of content covered, leads to gains in future pre-
paredness, this self-reported observation bodes well for
students’ careers (Ramirez, 2020; Schwartz et al., 2008).

Student responses also demonstrate the project’s ability
to drive students’ integration of social and neurological
domains. Critically, engaging students in epistemic cogni-
tion—linking their learning about science deeply and inher-
ently to an understanding of the social nature of science,
while encouraging metacognitive reflection—is one of the
key ways that science teaching can be integrated with cul-
turally relevant pedagogy. To truly develop nature of sci-
ence understanding such that it can then be applied to so-
cio-scientific contexts, students must develop knowledge of
both historical and ongoing scientific inquiry and the epis-
temic uncertainties involved with and resolved by each (Le-
ung, 2022).

Furthermore, perspective-taking and integration of so-
cial and scientific contexts are both critical to ethical sci-
ence communication and engagement. This integration
aids students in merging emotional and social dimensions
with content, which augments student learning and ability
to implement school-based learning during real-world de-
cision-making and action (Immordino-Yang & Damasio,
2007).

Pre- and post- measures of interest, learning, and prior
knowledge/skills were not correlated; this encouraging re-
sult indicates that the project is effective in increasing stu-
dent understanding and skills regardless of prior interest,
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Table 1. Students gained content knowledge across scientific and social domains. Open-ended survey responses
coded as “content knowledge description” were analyzed for major themes, which are listed in the leftmost
column. Incidence was counted as the number of individual survey responses (n = 30) that described a given
theme. Representative quotes are shown in the rightmost column; some quotes may pertain to multiple themes

and were tallied as such for the purposes of “incidence”.

Theme Incidence Representative Quotations
SC.’CietaI. 12 e |learned more about...societal aspects like representation of neurodiversity, common myths, and stig-
Dimensions mas.
e |tallowed me to understand neurodiversity on a much deeper level, knowing the symptoms and espe-
cially its impact on society.
e | think that | know more about some of the myths and stereotypes that surround neurodiversity that |
was not even aware existed prior to this assignment.
e Ilearned alot about[...] its effect on people within society through factors such as harmful stereotypes,
lack of research, symptoms, etc.
Neuroanatomy 10 o It was helpful for understanding brain regions that may be responsible for certain traits associated with
neurodiversity.
e | was able to understand the neural pathways and areas of the brain that are implicated.
Medical 9 e | did not have an updated perspective on the diagnosis of this type of neurodivergence until this assign-
Context ment.
e | achieved solid baseline understandings of a variety of neurodiverse conditions - ranging from history
of diagnosis to treatment options to stereotypes and attitudes.
Preser.\tation & 5 o |learned alot about different presentations of neurodiversity.
Behavior o Ididn't realize how big masking was until this project, but now | understand that a lot of people may
never be diagnosed simply because they got so used to trying to fit in to a neurotypical society.
Cellular & 3 e |feel like | have learned a decent amount about the biological, chemical, and neural components of di-
Molecular versity.
Mechanisms e | learned more about the specific theories behind neurobiological explanations for these disorders.

knowledge, or expectation. This demonstrates that the Zine
Project can lead to meaningful gains regardless of initial
student buy-in.

That said, there were significant correlations between
measures of collaboration and learning. As such, future im-
plementations must prioritize effective teamwork—many
students cited the creation of teamwork contracts and spe-
cific expectations as supportive in this endeavor. It is also
important to note that class norms may be helpful, both
in supporting collaboration and avoiding concerns around
class sensitivity. The nature of the project as a culturally re-
sponsive, authentic environment requires engagement with
difficult topics that may open the door for microaggres-
sions, as was mentioned in student responses for this im-
plementation; clear class expectations and discussion
around respect may help to avoid this concern in the future.

Furthermore, additional feedback from both the instruc-
tor and peers will help students feel more supported. In
subsequent renditions of this course, using the same zine
assignment on a novel topic (not neurodiversity), we have
made two adjustments in providing feedback. First, the in-
structor now provides feedback on the ‘outline’ generated
by students after they have done their initial research. Sec-
ond, peer reviewers leave asynchronous feedback on the
first draft of the zine, and on the second draft of the zine
via the in-class Jigsaw activity, followed by a discussion led
by the instructor. An additional change that was incorpo-
rated in subsequent renditions was using zines from stu-
dents who had previously taken the course as examples to
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critique (zines can be provided upon request at this Google
Drive link: https://drive.google.com/drive/folders,
le_ OCM5L6A07Lbn7f2QiEYT2D-xk]h4N). Both of these
changes seemed to improve students’ perception of receiv-
ing sufficient support to successfully complete the assign-
ment.

Future implementations should also consider choosing
additional topics based on the interests and needs of the
specific student population. The core of culturally respon-
sive pedagogy is creating authentic learning opportunities
that are integrated with students’ real concerns and lives;
as such, exploring the neuroscience of topics beyond neu-
rodiversity such as gender, racial justice, or economic in-
equality based on which are most important to one’s target
population would align well with the spirit and purpose of
the assignment.
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Figure 2. Student responses revealed gains in personal allyship, science communication skills, and teamwork.
Open responses with matched pre- and post- data (n = 28) were analyzed, coded, and categorized, yielding 11
themes referring to positive developments over the course of the project. The percentages of students
demonstrating or reporting improvement or positive attitudes encompassed by each of these themes are shown
above. Within the “personal allyship” domain, advocacy refers to an intention to advocate for neurodivergent
individuals in future work/contexts; positive attitude refers to positive attitudes towards neurodivergence or
neurodiversity; and perspective-taking refers to expressed empathy for various stakeholders (neurodivergent
individuals, clinicians, families, fellow students, middle-schoolers, etc.). Within the “science communication”
domain, design for audience refers to considering the audience when making choices around content and
presentation; summarizing refers to gathering information from multiple sources and creating a clear and
cohesive abridged description; clarity refers to the skill of crafting accessible, concise, and appropriately detailed
work; design refers to the skill of evaluation and crafting visual, spatial, and tactile elements of a work;
creativity refers to creative problem-solving and unexpected, novel choices; and science & social refers to the
ability to articulate the scientific and social dimensions of a subject in tandem. Within the “teamwork” domain,
communication refers to sharing information with and receiving feedback from peers, professors, and others
within the college community; collaboration refers to the other skills necessary for effective teamwork (e.g.
managing team dynamics, dividing work, reaching consensus, etc.).
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