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ABSTRACT: Chemistry outreach has an important role in building trust between scientists, Existing
. . . . . . . . stress of chemistry
scientific research, and the public. Ensuring that chemistry outreach is relevant and inclusive to - —
thinking

Cognitive
diverse participants is necessary to achieve genuine inclusion of individuals from minoritized groups. overload
We describe the design, delivery, and evaluation of an outreach workshop developed to challenge
negative alternative conceptions of chemistry, counter chemophobia, and develop critical thinking
skills. This was developed with the principles of equality, diversity, and inclusion at its core, designed
for and delivered to participants from marginalized groups that are underrepresented in the chemical
sciences. The approach was informed by critical theory, constructivism, and cognitive load theory.
Autobiographical critical reflections, thematic analysis of workshop transcripts, pre- and — \
postquestionnaires, and participant feedback (N = 7, response rate = 100%) were used to evaluate @ N
the activity and identify recommendations for practitioners. The activity received positive feedback 8
from participants, who were able to demonstrate identification and critical analysis of chemophobic x
attitudes.
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Inequa ity exists in access, participation, and experience in approaches, adopting culturally relevant pedagogies,” case
science, technology, engineering, and math (STEM) study evaluation of inclusivity efforts,”* and inclusive flipped
education and careers.' > Stereotypes about who can and teaching methods.”” White et al. concluded their recent review
cannot succeed in STEM persist, which put additional burden with the recommendation to build learning environments and
on minoritized students in STEM courses and majors. Studies communities where minoritized students feel welcome, valued,
have focused on individual marginalized characteristics such as and validated.”* In this paper we discuss an outreach activity
4—11 12 . -1 12 . 14—17 . . . . . . .
race, gender, ~ disability, ° sexuality, or socloeco- developed with Equality, Diversity, and Inclusion (EDI) at its
nomic status.'®?° Often when marginalized groups are core.
discussed, only brief reference is made to the concept of In addition to educating and engaging the public,”
intersectionality; individuals who hold multiple marginalized chemistry outreach has an important role in building trust
identiztilezsz will experience compounded and unique disadvan- between scientists, scientific research, and the public. Ensuring
tages.” """ While considering a single marginalized character- that chemistry outreach is relevant and inclusive to diverse
istic can uncover valuable insights, the complexity and diversity participants is necessary to achieve genuine inclusion of
of lived experiences is often lost. For instance, when McGee participants from minoritized groups. A chemistry for all
and Bentley explored the experiences of undergraduate and approach has benefits to individuals such as consumer
postgraduate black women scientists, in addition to structural criticality,36 and developing health and environmental
racism and sexism, they reported racialized sexism, and literacy.””** These skills are hugely important but often

sexualized racism, and these experiences were sources of
significant strain.”’

The importance of focusing chemistry education research
efforts on diversity and justice was highlighted in a recent call
to action in the Journal of Chemical Education, which
encouraged the chemistry community to “explore topics of  — . =

overlooked, as individuals may not see the relevance of
chemistry in their everyday lives.””~* Chemophobia, a fear of
chemistry or chemicals, is thought to be a contributing factor
in this lack of chemical literacy.”*~*® A fear of chemistry or

social and environmental justice in the chemical and scientific ReC_Eived‘ April 12, 2021 BHEMHEME{MM
enterprise” and “the cultivation of inclusive learning environ- Rev‘?ed‘ Mar.ch 30, 2022 *@%
ments”.”* A wide variety of approaches to further equality, Published: April 20, 2022 g4
diversity, inclusion and justice have been reported.”> Examples !j 5
within chemistry education include outreach,”**” developing e

justice-centered pedagogies,”® adopting student partnership
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Heuristics and 'mental
shortcuts' treated as
explanations

—

Limited connnections
between fundamental
principles

Alternative conceptions

Cognitive overload
from multiple
representations of
chemistry

Difficulty replacing
conceptual models or
adjusting vocabulary

Chemophobia

Overlap between
technical and everyday
language

Figure 1. Summary of proposed model describing the factors involved in the development of alternative conceptions and chemophobia.
[Descriptive text: The model is represented using connected text boxes. Beginning on the left, three vertically aligned green boxes contain the text:

» o«

“Heuristics and “mental shortcuts” treated as explanations”,

Limited connections between fundamental principles”, and “Cognitive overload from multiple

representations of chemistry”. These text boxes are connected by an arrow to a blue box containing the text “Alternate conceptions”, which is then
connected by arrows to two purple boxes contain the text: “Difficulty replacing conceptual models or adjusting vocabulary” and “Overlap between
technical and everyday language”. These purple boxes are connected by arrow to a pink box containing the text “Chemophobia”.]

chemicals is commonly attributed by chemists to a lack of
knowledge.”” However, this is only one aspect of chemo-
phobia: these fears, such as the perception of chemicals as
“dangerous” in contrast to “safer”, “natural” substances, can be
linked to alternative conceptions, as outlined in Figure 148750

Alternative conceptions are ideas at variance with scientifi-
cally accepted knowledge. These ideas influence how people
understand new information, as individuals relate information
to their existing knowledge in ways that are often intuitive and
may not be scientifically accurate.”’ Conceptual frameworks,
defined by Wang and Barrow as “a network of interrelated
assumptions, knowledge and beliefs”,” are not necessarily altered
by acquisition of new information.”*~* Adjusting meanings of
technical vocabulary or altering a conceptual framework once it
has been formed is difficult.””>° These alternative conceptions
can give rise to serious fears and negative perceptions of
chemistry. Such fears have been noted by researchers of
vaccine hesitancy and vaccine refusal.*”*” Multiple individuals
interviewed by Ward and colleagues referenced “bad chemicals”
in food, fabrics, and paints, with one individual stating that
there were “no chemicals” in their home.*” While this assertion
is untrue, it is demonstrative of the underlying conceptual
model that some individuals hold—that all chemicals are
synthetic, dangerous, and entirely separate from the world
around them.

As observed by multiple research groups, vaccine-hesitant or
vaccine-refusing interviewees often consider themselves to
have “done the research and to be knowledgeable about the
issues”.*”*>> Similarly, the subgroup analysis from Public
Attitudes found that the group most likely to prefer “natural”
chemicals and to generally perceive chemistry as unnatural also
considered themselves to be “fairly” or “very” well-informed
about chemistry.*'

We must avoid reductionist analyses when challenging
chemophobia. Uncritically portraying the benefits of chemistry
while ignoring the risks and harm associated not only weakens
chemistry communication and erodes public trust, but it also
fundamentally undermines the core principles of scientific
research. Chemistry discourse is often highly polarized, with
scientists and educators promoting the positives while the
wider public are often sceptical or concerned about the impact
of chemistry on their lives.*”*"*
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Using deficit-centered approaches as the bases of our
scientific communication work runs the risk of reinforcing
these existing biases. Furthermore, a reductionist analysis that
only considers the problem at the level of the individual omits
the impact of structural factors. If we consider limited
understanding as a knowledge deficit, or a skills deficit,
without asking why this occurs or how we have defined
“deficit”, then we ignore the situational context. Structural
discrimination specifically affects marginalized groups, intro-
ducing additional barriers and disadvantages that nonmargi-
nalized individuals either do not experience, or experience to a
lesser extent.®' ™%

B PROJECT AIMS

1. To develop educational activities and resources to
challenge negative, alternate conceptions of chemistry
(chemophobia).

. To develop an effective outreach activity designed for
and delivered to participants from marginalized groups
that are underrepresented in the chemical sciences,
including but not limited to women and nonbinary
people; other marginalized groups include Black, Asian,
and minority ethnic (BAME) people, LGBTQ+
(Lesbian, Gay, Bisexual, Transgender, Queer) people,
and disabled people.

. To learn from individuals reporting alternative con-
ceptions and chemophobia.

B THEORETICAL FRAMEWORK

The key underpinning theories that motivated and informed
this project were as follows.

Critical Theory: Critical theories aim to highlight and
overcome the uneven balance of power between groups of
individuals.”*~"" In the context of education, critical theory is
used to seek a diversified and equitable education, through
which learners develop critical thinking skills empowering
them to challenge the uneven balance of power di-
rectly, 54676572

Constructivism: Constructivist theory of learning holds that
individuals apply their existing knowledge to new information
to understand and incorporate it into what they know.”>~""

https://doi.org/10.1021/acs.jchemed.1c00400
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Cognitive load: Cognitive load is related to the amount of
information that can be held in our working memory. Within
cognitive load theory, cognitive load, and related to this, our
ability to learn by processing new information, is affected by
different factors categorized as intrinsic, germane, and
extraneous.””

Language, symbolism, and representations: Chemistry
challenges learners to use, translate between, and manipulate
information on several “levels of thought”: macroscopic,
submicroscopic, and symbolic.”” In order to understand and
describe what is happening at the atomic level, students must
effectively learn a new language of chemical vocabulary and
symbols.””

Inclusive Design for Learning (IDL): IDL aims to build
equitable and adaptable learning experiences by ensuring their
design is informed by the diversity of learners.*"**

The theories described above and the connections between
them form the theoretical framework for this project.
Constructivist theory of learning is key to understanding
how alternate conceptions of chemical phenomena are formed,
challenged, and changed. Critical theories both motivate and
inform our approach, providing the justification for targeting
outreach activities toward participants with marginalized
identities, requiring participants to be centered in both
educational activities and their evaluation. Individual circum-
stances, such as feeling uncomfortable in the learning
environment, can contribute to extraneous cognitive load,
reducing capacity of working memory, and hence learning
ability. Furthermore, being a marginalized individual can
manifest physically as “minority stress”, and stress generally
is known to increase cognitive load.*”**

Within the chemistry education context, it is important to
consider the challenges for learners introduced by the
requirement to translate between several “levels of thought”.
We consider challenges developing chemical literacies to be
relevant to the development of chemogphobic attitudes.
Returning to the human context, Mahaffy™ and Sjostrom®
championed the importance of taking a holistic, “bildung-
oriented”®” approach to chemistry education, which includes
human perspectives (applied chemistry, sociocultural context,
and critical-philosophic approaches) in addition to macro-
scopic, (sub)microscopic, and symbolic representations.””**
Educational inequalities may affect the development of
chemophobic attitudes, and it is important that we acknowl-
edge the personal contexts of their learning environment and
prior experiences.

Finally, and most importantly, the outreach activities
developed must provide an equitable experience for all
participants, which considers individual access needs in an
inclusive manner. We will employ inclusive design principles
and meet the individual requirements of all participants.

B DESIGN AND DELIVERY OF THE OUTREACH
ACTIVITY

The outreach activity involved a synchronous face-to-face
session facilitated by AP involving small groups of participants,
most of whom had singly or multiply marginalized identities.

Design Principles

The central design principles were equality, diversity, and
inclusion, reducing cognitive load,”” and applying Blooms’
taxonomy as a framework.®” Putting EDI at the core of activity
design is a key novel aspect of this work; marginalized groups
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are under-served, as they are rarely the specific targets of
outreach work, so there is limited access and opportunity to
engage with inclusive chemistry education.*® This work took a
student-led approach; collaborative pedagogies are linked to
increased attainment, belonging and engagement.%_ >

This activity sought to create a safe space where those from
minoritized groups were in the majority, and the workshops
were led by a sensitive student facilitator with relevant lived
experience. The main strategies used to reduce extraneous load
were removing hierarchies by adopting a facilitator role;
providing a supportive and inclusive learning environment; and
presenting a combination of integrated visual and auditory
material;”*%°

The activities were structured in three stages of increasing
complexity; this approach was informed by Bloom’s taxonomy,
in which learning and assessment (e.g, recall, analysis, and
evaluation) is categorized into a hierarchy of increasing
complexity.” Evaluating and critically assessing evidence are
among the highest-level skills in the taxonomy, and accordingly
the activities were designed to give learners space to develop
their skills as they progressed from identification of concepts to
analysis and finally to critical evaluation.

B OVERVIEW OF WORKSHOP AND LEARNING
RESOURCES

The activity consisted of three sections, outlined in Figure 2; a
lesson plan and teaching materials can be found in the
Supporting Information.

Text evaluation
and discussion

Risk matrix
card sort

Venn diagram
card sort

Figure 2. Outline of workshop methodology. [Descriptive text: The
model is represented using connected text boxes. On the left, a single
purple box contains the text “Venn diagram card sort”; this is linked
by an arrow to the middle, blue box, containing the text “Risk matrix
card sort”. This middle blue box is connected by an arrow to a green
box on the right, which contains the text “Text evaluation and
discussion”.]

The first section was a card sort activity which required
participants to distinguish between chemical and physical
changes (see Figure 3 for example); card sorts are established
as a method of exploring an individual’s ability to recognize
underlying principles, a key aspect of alternative conceptions
and improving chemical literacy.”*™" This activity was
designed so that participants could build confidence and
ensured that everyone had the foundation knowledge necessary
for the workshop; multiple representations were included in
the examples so that participants could familiarize themselves
with the macro, submicro, and symbolic languages of
chemistry. Participants’ discussions and verbal justification
allowed the separation of simple recall from understanding and
was grélwopportunity to elicit potential alternative concep-

The second section involved placing a series of activities on
a risk matrix and then justifying their placement (Figure
4).°71% The ability to evaluate risk is a key skill, and one
suggested to be inversely related to chemophobia.'”’™'** In
both card-based tasks, cards were designed to be simple and
easy to read and were provided as both physical laminated

https://doi.org/10.1021/acs.jchemed.1c00400
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Synthesis of Salt dissolving
Chemical paracetamol in water Physical
change change
3H, + N, = 2NH, Fizzy drinks
going flat

Figure 3. Example Venn diagram card sort activity. Participants were
asked to place example processes on a Venn diagram as examples of
either chemical change, physical change, or processes involving both.
Processes were written in different forms, both plain text and
symbolic. [Descriptive text: A Venn diagram of two overlapping green
circles. The circle on the left is labeled “chemical change” and
contains two green text boxes, the first reading “Synthesis of
paracetamol” and the second reading “3H, + N, equilibrium arrow
2NH;". The circle on the right is labeled “Physical change”, and
contains two green text boxes, the first reading “Salt dissolving in
water” and the second reading “Fizzy drinks going flat”.]

cards and as digital files (to support learners with visual
impairments). Additionally, participants were asked if they had
any additional access needs—where these were raised,

adjustments were discussed with participants and adaptations
made as necessary.

The final section prompted participants to consider how
chemical and scientific studies can be flawed, and then asked
them to critically read a newspaper article about a chemistry
topic to identify and evaluate misrepresented or questionable
scientific practice or reporting. Again, participants were asked
to verbally discuss and justify the elements they had identified
to elicit reasoning.”® This was followed by a brief discussion of
the potential wider impacts of limited criticality, and a short
plenary at the end of the workshop.

B SAFETY CONSIDERATIONS

This activity involves card sorts, analytical reading, and verbal
discussion, and there are no safety hazards associated with
these activities. However, it was noted that use of overly
complex or specific material could be detrimental as this could
be stressful for participants. To ensure that the difficulty of
tasks was suitable, a content review was conducted with four
secondary-level STEM trainee teachers. These individuals were
asked to review the workshop content to identify areas where
secondary school level science learners might struggle so that
content could be amended as appropriate.

Trivial hazard (1) Mild hazard (2) Moderate hazard | Severe hazard
(€) (4)

Rare (1) ‘ 1 ‘ 3 4
Unlikely (2) ‘ 2 6 8
Possible (3) 3
Probable (4) 4

where 1-2 = mild risk, 3-5 = moderate risk, 6-10 = severe risk and _ = intolerable

Trivial hazard (1) | Mild hazard (2) M°der‘"’(t39) hazard Seve'%‘“"’"
e - EFEEEEEAR
Unlikely (2) 2 4 6 (u".iﬁé’%'r"a"é'u“a'?e)
Possible (3) D‘#;Zf;“:gg‘:c:?d 6 9
Probable (4) 4 8

where 1-2 = mild risk, 3-5 = moderate risk, 6-10 = severe risk and _ = intolerable

Figure 4. Example blank (top) and completed (bottom) Risk Matrix Activity table. Participants were asked to place activities on a risk matrix, using
information provided about the chemical(s) used and the approximate age and education level of those conducting the activity (e.g., ethanol, year
12 chemistry students). Safety data sheet information was also provided for each chemical. [Descriptive text: Two tables, both with four headings at
the top and four headings at the left side. The headings along the top rate the severity of a hazard, from trivial (1) to severe (4). The headings along
the left side rate the probability of a hazard, from rare (1) to probable (4), and the boxes of the table contain the product of these values. The
values are color-coded, where 1—2 are green for “mild risk”, 3—5 are yellow for “moderate risk”, 6—10 are orange for “severe risk” and 11—16 are
red for “intolerable risk”. Four example activities have been placed on the second table: from lowest to highest, these are “Ethanol (Year 12
chemistry)” ranked 2 (rare, mild hazard); “Dilute ethanoic acid (Year 4 science)” ranked 3 (trivial, possible hazard); “Diethyl ether

(undergraduate)” also ranked 3 (moderate, rare hazard”; and “n-butyllithium (undergraduate)” ranked 8 (severe, unlikely hazard).]
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Recruitment

Pilot questionnaire : :
questionnaire

Quallitative response

=1 (n=68)

\

Workshop recruitment
interested respondents
(n=18)

\

Content review with
trainee STEM teachers

Finalised workshops,
2x1hr

\

\

analysis

(n=4) (n=7)

: » Comparative
Follow-up questionnaire : :
> (=7 »| questionnaire response
analysis

Thematic analysis of
workshop transcripts

Figure S. Overview of the recruitment of participants and evaluation of outreach activity involving piloting and then deploying the recruitment
questionnaire, identifying and recruiting participants for the outreach workshop, reviewing the content of the outreach workshop with trainee
STEM teachers, delivery of the finalized workshops, followed by deployment of the postworkshop questionnaire, and analysis of both the workshop
transcripts and the questionnaire data. [Descriptive text: Flowchart begins with “pilot questionnaire (n = 7)”, an arrow connects this text box to
another with the text “Recruitment questionnaire (n = 68)”, which is connected by arrows to two boxes, one reads “Qualitative response analysis”
and the other reads “Workshop recruitment interested respondents (n = 18)”. Both this box and another which reads “Content review with trainee
STEM teachers (n = 4)” are connected by arrow to “Finalized workshops, 2 X 1 h (n = 7)”, which is connected by arrow to “Follow-up
questionnaire (n = 7)”, which is connected by arrow to two boxes “Comparative questionnaire response analysis” and “Thematic analysis of the

workshop transcripts”.]

B IMPLEMENTATION OF OUTREACH ACTIVITY

This 1-h workshop was conducted as a standalone activity in
the spring term with two separate groups of unique
participants (N, = 4 and N, = 3 respectively). The first two
sections of the workshop (chemical changes card sort, risk
matrix placement) were conducted in pairs or threes, with the
evaluation and discussion of the article conducted as a whole
group.

Small-group work was intended to promote collaboration
between participants, allow them to ask questions, and to
discuss their ideas and reasoning without judgment. This
supported students who may not have felt comfortable
challenging ideas or expressing their confusion in a class-
room-style situation to do so.

B PARTICIPANT RECRUITMENT

Workshop participants were recruiting via a recruitment
questionnaire (see Figure S, survey provided in Supporting
Information) to assess incidence of chemophobic attitudes and
collect demographic data. This approach allowed us to identify
participants with marginalized identities, who were willing and
available to attend the workshops.

Participants were recruited through humanities department
emails to undergraduate students; humanities department
Twitter accounts; University liberation networks’ (a collective
term for the LGBTQ+, BAME, Disabled, and Women and
Nonbinary student groups) Facebook groups and Twitter
accounts; and authors’ Facebook and Twitter accounts (see
Table 1 for demographic data for recruitment questionnaire
and workshop participants).

Students studying humanities were targeted directly to
ensure that the workshop would be delivered to individuals
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most likely to benefit. Greater prior knowledge of chemistry is
suggested to be inversely correlated with incidence of
chemophobia.””'?> Therefore, humanities departments were
contacted and asked to promote the questionnaire to their
students, as these students were less likely to have A-Level or
higher previous chemistry study.

University liberation networks were also specifically
contacted to ensure inclusion of participants with marginalized
identities. These groups were contacted and asked to promote
the questionnaire via their Facebook groups, and Twitter
platform if applicable. Specific targeting of marginalized
groups’ networks was key to achieving supported diverse and
inclusive workshop spaces, as this ensured that more than 50%
of workshop participants were members of a marginalized
group (Table 2). Inverting minority/majority group dynamics
avoided placing the burden of inclusion on marginalized
individuals and promoted participant wellbeing and con-
fidence.'*™'%

B EVALUATION OF OUTREACH ACTIVITY

The outreach activities were evaluated using pre- and
postworkshop questionnaires, thematic analysis of the tran-
scripts of the recorded workshops, and autobiographical
facilitator reflections.

Ethical Considerations

Ethical approval was granted by the Education Department
Ethics Committee for data collection from questionnaires,
educational activities, and for recording and transcription of
the workshops. The survey was both voluntary and
anonymous; participants gave informed consent for their
participation and could exclude themselves or quit at any point

https://doi.org/10.1021/acs.jchemed.1c00400
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Table 1. Demographic Data for the Recruitment
Questionnaire and Workshop Participants

Recruitment Questionnaire

Demographic Variable Number of Participants (N = 68)°

Female 37
Male 18
Nonbinary 12
Trans 15
Cis 52
LGBQ+ 21
Not LGBQ+ 46
Disabled 22
Abled 37
GCSE Science 7
GCSE Chemistry 16
A Level 17
Undergraduate 19
PhD or higher S

Workshop 1 Participants

Number of Participants (N = 4)¢
3

Demographic Variable
Male
Female
Nonbinary
LGBQ+
Not LGBQ+
Disabled
Abled

W - DO —

Workshop 2 Participants

Number of Participants (N = 3)“
0

Demographic Variable

Male
Female
Nonbinary
LGBQ+
Not LGBQ+
Disabled
Abled
“Where the category values do not sum to the total, this is where
participants have selected “other”, “prefer not to say”, or otherwise
declined to state for a given characteristic. These participants have
been omitted from the table accordingly.

—_ N O W N -

Table 2. Outreach Activity Participants’ Experiences of
Marginalization

Workshop MM? (%) SM? (%) NM° (%)
N, =4 25 50 25
N, =3 100 0 0

“MM = Multiply marginalized. “SM = Singly marginalized. “NM =
Nonmarginalized.

during the survey or workshop. All data were collected and
included in the analysis.

B LIMITATIONS

The most significant limitations of this study was the small
sample size and related to this the diversity of the participants;
men and Black, Asian, and Minority Ethnic Group individuals
were underrepresented. Recording the experiences of a greater
number of participants could provide broader insight into the
diversity of individual experiences. Importantly, we did not set
out to identify generalizable conclusions of the experiences of
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marginalized individuals; their experiences are individual.
Studies of the experiences of individuals from marginalized
groups often have smaller sample sizes and provide (}ualitative
evidence, rather than quantitative conclusions. ' It is
important that the voices of individuals with marginalized
identities are heard. However, the sample size does limit the
reliability of quantitative evaluation of participants’ reduction
in chemophobia score. Included in the supplementary are the
workshop materials and surveys used in the evaluation, we
hope that readers will be able to use these to deliver and
evaluate further workshops.

B WORKSHOP FACILITATOR PERSONAL
REFLECTION

“Personal lens” is a way to consider how an individual’s
intersecting identities and experiences affect their perception of
the world around them. Information regarding the individual
providing an autobiographical reflection provides valuable
context. The following autobiographic reflection was con-
ducted by author AP, a final-year integrated Masters in
Chemistry student with lived personal experience of
marginalized identity and minority status.

This was a novel challenge; as a student with no formal
teaching experience, organizing and running workshops
induced some anxiety. There was also the difficulty of striking
a balance between keeping the discussion focused and running
to time while not attempting to position self-as an authority, in
line with the critical theory frameworks utilized for this
research. However, the workshops were exciting and enjoyable
to conduct, both for instructor and participants. The intended
aim of promoting an inclusive space for collaborative
discussion was achieved; all participants were enthusiastic,
engaged with material, and contributed to discussion.

The workshops could be developed further by adapting for
remote synchronous delivery. This could allow a broader range
of interested individuals to participate in a workshop, as several
interested participants could not attend for scheduling reasons.

In addition, a key area for development would be working in
partnership with a Black, Asian, or minority ethnic facilitator to
support inclusion and effective recruitment from the BAME
community. Better promotion of the questionnaire could have
improved participation from BAME respondents, and addi-
tional relevant student and staff racial equality groups could
have been engaged.

B PRE- AND POSTWORKSHOP QUESTIONNAIRE

Questionnaire Methodology

The recruitment questionnaire was designed to explore
variations in reported chemophobia. Eight questions in the
questionnaire were used or adapted, with permission, from the
authors of Public Attitudes to Chemistry; a further eight were
original, in similar style and format.*' These questions provide
an indicative quantitative assessment of chemophobia by
asking respondents to rate their agreement on a 10-point scale
with statements either endorsing or refuting alternative
conceptions linked to chemophobia, e.g., “All chemicals are
man-made”. Some statements had reversed ratings, where
agreement would indicate lower chemophobia, e.g., agreement
with “Everything is made of chemicals”. Ratings for these
“reverse” statements were inverted (11 — answer). Ratings
were then averaged across questions to obtain a mean
chemophobia score.
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Table 3. Core Themes, Subthemes, and Examples Arising from Qualitative Data Collection in Recruitment Questionnaire

Core theme

Thinking process

Emotional response

Context and concepts

Subtheme

Gaps in knowledge

Hazard analysis

Reﬂecting on assessment structure

Intuitive and unjustified
Subject knowledge
Preconceptions

Alternative explanation

Impact of limited criticality
Critical evaluation
Assessment

Hesitation

General

Micro vs macro

Chemical change
Considering extraction process
Hazard/precaution content

Relevant examples of content/
context

Discussion of wider context

Example

“Sodium and... calcium” [in reference to NaCl]

“I'd have said that is more dangerous than that, because...”

“We've got a Venn diagram, so there must be things in the middle”

“That feels chemical, I do not know why though”

“Salt dissolving in water, there’s no chemical change, but there is change in bonding interactions”
“Ultimately it is [water] a safe thing...”

“..from my perspective that is more an indicator that autism can strike at any stage in
development...”

“It means you have to take things at face value...”

“..something like this is a great scapegoat, is not it?”

“I feel like it is to mark us”

“I do not—I do not know if this could go in...”

“I had never heard the like, actual this-is-the-steps thing, it is... wild.”

“Physical can be a change in the properties of the thing, whereas chemical is a change in what’s
there”

“We start with two things and get a different chemical, that is a chemical change”

“I think extraction implies chemical”

“There shouldn’t be anything that ignites it, and if you have the protection then you should be fine”
“They used lots of unreplicable results”

“Conflating diagnosis with how many people have autism”

The reliability was assessed by calculating Cronbach a score,
0.761; this measures the internal consistency of a

a =

Development of Thinking Process

questionnaire and how inter-related its questions are, where a
closer to 1 indicates greater internal consistency.''"'"
Questionnaires are an established method of determining
chemophobia, and of studying alternative conceptions more
broadly, in the literature.*

The questionnaire also provided qualitative data from
responses to two open-text questions; these questions allowed
participants to justify and expand on their responses. The first
question asked respondents to describe factors influencing
chemistry reporting in the media, to gauge respondents’
criticality. The second open-text question asked respondents to
describe factors influencing their engagement with chemistry;
this was included as marginalized individuals in STEM often
report a “chilly climate” and feelings of isolation." >~

Comparison of Pre- and Postworkshop Questionnaires

The mean reduction in chemophobia score following the
workshops was calculated as 9% (n = 7, p = 0.085); this
provided an indication of the efficacy of the session. This was
consistent with participants’ feedback, where they described a
desire to “re-educate” themselves after finding that the
workshops could “reignite” their enjoyment of chemistry.

Participants also described factors influencing their engage-
ment with chemistry, with some reflecting that they felt women
were not encouraged or represented in chemistry. Others
noted that memorization of reagents and conditions was
challenging for individuals whose disability impacted memory
and could preclude further chemistry study.

B THEMATIC ANALYSIS OF WORKSHOP
TRANSCRIPTS

Workshops were audio-recorded, transcribed, and thematically
analyzed using three core themes, and several subthemes. Key
subthemes were initially identified using open coding from
their prevalence in transcripts, then grouped into “core”
themes (see Table 3)."'° Coding consistency was checked
between authors to ensure reliable analysis of transcript data.
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In the early stages of the workshop, the key themes were
grouped around confusion, suggesting limited confidence or
uncertainty. However, participants were focused on subject
knowledge and relevant questions, indicating that while their
subject knowledge may have been fragmented, they retained
key self-evaluation skills.

As the workshop progressed, the main theme of participant’s
thinking process became their existing conceptual frameworks,
centered on their judgment of hazards and risk mitigation.
Participants typically used their own judgment in addition to
hazard information supplied, indicating their understanding of
context in assessing risk.

In the final part of the workshop, evaluative thinking
processes were the main theme, with participants identifying
and deconstructing aspects of poor scientific reporting/
methodology. Individuals were able to consider and evaluate
claims based on evidence provided alongside existing knowl-
edge, and concepts discussed were based in their social
context, with participants describing potential consequences of
limited criticality and poor chemical literacy.

Reduced incidence of hesitation themes indicates a clearer
understanding of workshop expectations, concurrent with
progression to more open content where activity was less
structured and it was clear that there were no “wrong” answers.

Participant Experience and Engagement

Workshop participants generally perceived the activity as
positive, with questionnaire responses describing it as “well put
together” and “enjoyable”. Others noted that they were now
more enthused about chemistry, with some intending to follow
up with further reading. This positive response indicates that
the aim of delivering an effective outreach activity run by and
for marginalized individuals was achieved.

During the workshops, all participants enthusiastically took
part in detailed discussion about the potential effects of
chemophobia and limited chemical literacy, with individuals
explaining a wide range of possible impacts. This ability to
recognize and critically consider information would suggest
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that our first aim of creating an outreach activity to challenge
negative alternate conceptions was met, and that our efforts to
be inclusive were successful.

Chemophobia and Alternative Conceptions

Using diagrammatic representations can assist in constructing
accurate conceptual frameworks.’”"'”""® This links to the
third aim of supporting individuals reporting alternate
conceptions and considering methods to support them so
that they continue to progress in chemical study. However,
poor diagrams can also induce alternative conceptions, as
learners can overemphasize superficial features and miss
necessary information.''”~"*" For educators, diagrams used
should be clear and provide an appropriate level of detail;
checking learners’ understanding may also assist in identifying
and countering alternative conceptions. Workshop participants
noted that drawing diagrams had assisted and that discussing
chemophobia in a supportive space helped them to “get it
straight in my head” and work through their alternative
conceptions.

Participants were able to identify and critically analyze
chemophobic attitudes in text and in their own perceptions.
On discussing the removal of thiomersal, a mercury-containing
compound, from vaccines, one participant remarked that “as
soon as you put that up, I saw the mercury”, assuming that
discussion would relate to the dangers. They were surprised
when it did not, and later commented that “that’s a personal
bias there, that I've identified that as dangerous”.

Recommendations for Practitioners

e Facilitate nonjudgmental discussions around chemo-
phobia where all participants feel able and comfortable
to share their views and ideas, as demonstrated here for
university students and by Belenguer-Sapifa et al. for
high school students.*’

We recommend working with local liberation groups
and staff/student networks to aid recruitment of
participants and advertising outreach activities in order
to improve the diversity of potential participants.
Highlight the steps you are taking to promote
accessibility and inclusivity when advertising outreach
activities and recruiting participants rather than leaving
the burden on potential participants to make enquiries
about whether their needs would be accommodated.
We observed that inverting traditional group dynamics
by ensuring that typically minoritized participants were
not in the minority in the workshop groups and using
small group sizes were effective approach in creating
safe, inclusive, and effective learning environments.

We felt it was important that the facilitator assumed a
supportive rather than an authoritative role in the
workshops.

We found that the lived experience of the facilitator was
highly valuable and would recommend practitioners
without lived experience of belonging to a marginalized
group to consider cofacilitating with someone with
relevant lived experience to your target group(s).

B CONCLUSION

The workshops described here challenged chemophobia by
scaffolding the development of critical thinking and evaluative
skills in a chemistry context. The first paired card-sort activity,
identifying and describing chemical and physical changes,
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prompted participants to consider their existing conceptual
frameworks and identify where their conceptions originated.

The second paired activity, placing cards on a risk matrix,
engaged participants to identify hazards and analyze the risk
associated with a given activity. This section was designed to
encourage participants to think about the wider context in
which activities were conducted, and to think critically about
the limitations of the safety data provided.

The final activity, conducted as individual reading followed
by group discussion, asked participants to critically evaluate a
newspaper article on a chemistry topic. In this activity
participants considered the claims made and evaluated these
based on the evidence provided and described and challenged
the implicit chemophobic bias in the article. This discussion,
and the subsequent discussion regarding the wider potential
impacts of chemophobia, were student-led, with critical theory
underpinning facilitation and participants’ analysis and
evaluation.

Individuals in marginalized groups are best placed to identify
the support their community needs, hence listening to and
uplifting their voices must be the core of any attempts to
diversify outreach activities. The diverse lived experiences of
the authors were fundamental in designing, facilitating, and
evaluating an inclusive outreach activity to challenge chemo-
phobic attitudes and develop critical thinking skills. The
facilitator and the participants perceived the workshop
activities to be effective and enjoyable, and comparison of
the pre-/postworkshop questionnaires indicated a reduction in
the measured level of chemophobia for this small sample. We
hope that readers will use the resources provided to expand on
this study.
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