for descriptions of social issues. The bold, red number on each image is the score

assigned to the poster for the respective category.

For this last lesson, there were no submissions of student work that were
assigned a one or two for connections to science, with the majority of the students
earning scores of either four or five; 20 students scored four and 15 students scored a
five, with the remaining two earning a score of three (Figure 4.1). This was an
improvement as compared to lesson one work samples. Most often if a group did not
earn a five it was because they discussed the DNA testing but did not discuss the pattern
matching involved in the DNA testing and identification process. In the example
presented in Figure 4.5, the group mentioned that DNA is unique to each person and that
it was tested but did not discuss the pattern matching involved in the testing process that

would rule out the wrongfully convicted person.

The handwriting for the level five sample is challenging to read. The students

wrote:

Three hair samples were discovered on the sight [sic]. None of the samples
matched Malcom’s so, the Innocence Project worked with the Jefferson Parish

District Attorney’s Office to exonerate Malcolm. Malcolm was exonerated on

January 30, 2018.

The Innocence Project used DNA testing of hair evidence to prove Malcolm’s

Innocence. DNA testing is a long process that includes extracting the DNA
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pattern from each sample. None of the hair strands match Malcolm’s so Malcolm

IS innocent [sic].

Figure 4.5
Student work samples from lesson three demonstrating connection to science at
various score levels
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Student work samples presented in Figure 4.6 are representative samples that
demonstrate a description of the social issue in the lesson. Students often left out either
how the conviction was obtained (e.g., bad forensics or false testimony) or they did not
include why the convicted was accused in the first place. These issues are prevalent in
wrongful convictions, and 14 of the 37 students successfully addressed all of the issues
and were scored at a 5. In addition, 11 students earned a score of four, only because they

left out why the convicted person was accused.

80



Kobert 1 ® SWIPE @

C herged with:

Feloy murder
Sex crimes

Gnvicted bosed on ’
(ltmmi& i

ndowe + Lask of

Bio- Marvin Anderson , 31
Convicted for Rape (2 ¢¥), Torcible. Sodonomy,
Abduction , Raboery .

| o on = DNA —— - ﬁ;{umm
= = - T woas folsly accused

fenneth Adai 4 j

Was wror\gﬁx\\»& convicted * of

DA Tation
/v\ v dev / ond

KCHHC'H\ Adoms
Usiney DNA
Theve \were false

L eyewitnesseS
Aen Hhe DN patfern ot Ay
pattern o Venneth

MALOM  ALEXANDER

Molcom wos  tnavged with
Yoge Men  Conwcnd ot Servel 0
TNE  EURWANSS  WoS desevi08d oS
Ween  qresanid wia oowves  oF S
S tose (Macom \w‘\\ie '\v;k ’:w

Yo o Y. WS
e \\::;\\: MWeey  donies o
avonied  win W WO D ONE

Q ov. - i W@
- AQE . oot W mm
Shows e el

o e A

i DL bee auvng
e DA gty 15 Aitke

eh exonerate
ond {a\se

> o 1S ocar Sentent
no¥ m&t'\\«: oNB
wronafialy convicted,

Figure 4.6
Student work samples from lesson three demonstrating description of social concerns

at various score levels

Summary of Student Artifacts. From the analysis of student work samples,
there was an increase in students who were able to describe connections between the
content knowledge that they were studying and the social justice issue that was the focus

of their unit. Students were also better able to describe the social concern by digging a
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little deeper into the underlying causes in lesson three as opposed to their ability to do so

in lesson one as shown by the increase in responses that earned scores of four or five.

Research Question 2: How do students experience studying social justice socio-

scientific issues?

To answer research question 2, | analyzed the Likert-scale items from the survey
(pre and post responses) as well as coded the responses students journaled after
completion of all units about their thoughts on studying biology using social justice
issues for context. | will begin with survey data and conclude with the journal responses.
Comparison of survey data shows changes in student perceptions of justice issues from
before participating in social justice inquiry lessons and after participation. The social
justice survey that | implemented is a Likert-scale survey from Hulle et al. (2018) with
responses on a 5-point scale from strongly disagree (1) to strongly agree (5). The
authors divided social justice into four perceptions: equality, equity, need, and

entitlement and each area of justice was assessed using specific statements as identified

in Table 4.8.
Table 4.8
Survey questions listed by area of justice
Area of Justice Questions relevant
Equality CKG
Equity B, I,H
Need AEJ
Entitlement D,F L

For each participant for whom | had complete pre and post survey data, | took the

average of their responses in each category for the pre-survey and the post-survey.
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Therefore, the final data set had four variables for each student before the instruction, and
four variables for each student after the instruction. The Wilcoxon signed rank test was
applied using Rstudio ® for each variable comparing the students’ mean before and after
instruction perceptions. Result of the Wilcoxon signed rank test are presented in Table

4.9 and discussed below.

Table 4.9
Comparing Student Responses to Social Justice Principle Before and After Social
Justice Unit

Social Justice Before After

Principle n Mean Mean p-value
Equality 35 2.61 2.95 0.03*
Equity 35 2.4 2.26 0.18
Needs 35 3.22 3.84 8.76x10°%*
Entitlement 35 2.79 2.67 0.25

*p-value < .05

Survey Justice Principles

Equality. According to Hiille et al. (2018), the principle of equality refers to “the
allocation of benefits and burdens is just if everyone is allocated the same share.” (p.

668). The following items from the survey were identified as statements about equality:

Item C: It is just if all people have the same living conditions.
Item K: A society is just if there are only minor income disparities between
people.
Item G: It is just if income and wealth are equally distributed among the members

of our society
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Comparison of student responses on the pre- and post-survey indicate that there is a
significant shift in perspective (p-value < 0.05). In the equality category, students shifted
away from disagree/neutral toward the neutral category.

Equity. The principle of equity refers to “the distribution of benefits and burdens
is just if the benefits and burdens in question are allocated according to individuals’
current individual contributions and efforts” (Hulle et al., 2018, p. 668). The following
items from the survey were identified as statements about equity, the coding for the
responses to these statements were reversed in accordance with the description in Hulle et
al..

Item B: It is just if hard working people earn more than others.

Item H: A society is just if differences in income and assets reflect performance

differences between people

Item I: It is just if every person receives only that which has been acquired

through their own efforts.

The Wilcoxon comparison of equity items indicated that there was not a change in
student perspectives before and after the unit of study. Students remained within the

neutral/disagree range in both surveys.

Needs. “According to the need principle, benefits are allocated according to
people’s individual needs” (Hulle et al., 2018, p. 668). The following items from the

survey were identified as statements referencing need:
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Item A: A society is just if all people have sufficient nutrition, shelter, clothing as

well as access to education and medical care

Item E: A society is just if it takes care of those who are poor and needy.

Item J: It is just if people taking care of their children, or their dependent relatives

receive special support and benefits.

The Wilcoxon results demonstrate a significant difference in student responses from
before and after units of study. Students shifted from neutral to agree in the needs

category items.

Entitlement. The final social justice principle that Hiille et al. (2018)
incorporated into their survey was entitlement. According to the entitlement principle,
benefits and burdens should be allocated on the basis of specific entitlements that are
themselves based on ascriptive characteristics (e.g., social, origin, sex) or on status
characteristics that have been acquired in the past (e.g., occupational status). The main
difference from the equity principle is that benefits are not allocated according to

individuals’ current contributions or efforts. (p. 668)

The following items from the survey addressed the principle of entitlement, again, the
responses were reversed:
Item D: It is just if members of respectable families have certain advantages in

their lives.

Item F: It is just if people who have achieved good reputation and wealth profit

from this later in life.
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Item L: It is fair if people on a higher level of society have better living conditions

than those on the lower level

Similar to the equity responses, there was no difference determined in before and after
lesson surveys in terms of entitlement views from students; there was a slight decrease,

but student responses still fell within the range of neutral.

Student Journal Reflections

After teaching the units that focused on food deserts, cancer alley, and DNA
testing to exonerate those wrongfully convicted, I had students complete a reflection.

The prompt the students were given was:

So far during this year, we have used topics that address equity and injustice in
society. Some of the topics we tackled were: food deserts, cancer alley, wrongful
incarceration and DNA testing. You have taken science every year and you may
not have learned about issues like these within your science classes.
Please describe to me what your thoughts are on studying science using topics
like these. What did you like? What didn’t you like? Did it help you understand
the information or give you relevance for what we were learning?
| was able to get responses from 78 students. Two of those students misinterpreted the
questions and referenced liking labs and having difficulty with homework. Of the
remaining responses the overwhelming majority (63 students) responded that they liked

studying the material using these types of topics and that they found it helped them learn
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the material. However, there were eight students who disagreed, and five students who

had emotional responses to the content.

Students who had positive responses. In 27 of the responses, students
referenced specific units of study in their responses; as presented in Table 4.10, the
majority of those referenced the wrongful incarceration unit as opposed to the other two
(food deserts and cancer alley). More students who connected to or enjoyed the units that
focused on cancer alley and wrongful incarceration more so than the unit that included
food deserts. This may be because (1) more students have personal connection to
experiences with knowing someone battling cancer and (2) the wrongful incarceration is

a more sensational issue than healthy food options.

Table 4.10
Frequency of journal responses that referenced enjoying studying the unit
Food Desert Unit Cancer Alley Unit Wrongful Incarceration
Unit
5 6 16

| coded the student responses with positive perspectives to studying biology
using social justice. Within these responses, three themes emerged: liking the topic,
relevance to real life, helpful in understanding concept. The frequency of responses

coded within each of these themes is presented in Table 4.11.

Table 4.11
Frequency of journal responses with a positive perspective to the social justice lessons
Mention of liking the Mention of relevance to Mention of helpful in
topics real life understanding concept
20 14 23
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Liking the Topics. A few themes emerged within the responses of students who
simply mentioned that they liked learning with a theme of justice. Those themes are
presented in Table 4.12 and represented a clarification of why they liked studying with
these topics. Students liked learning about the injustices in our society and how they can

apply what they learned to help their community.

Table 4.12
Themes of student responses within the coding category of “liking the topic”
Injustice/equity Helping others
6 3
It helped me become more aware about It relates these problems to something
inequalities and injustices we understand and shows us ways that
we can fix them
| really liked learning about equity and I liked learning how science can help
injustice because it’s real world discover and solve these problems
problems
| am really happy that we are able to see ~ Some of the things I didn’t know at all
how science is used in the real world about and now that I do I could

and how we are learning about minority  potentially help with them in the future
groups suffering and not just glossing
over it.

Relevance to Real Life. Students referenced that they appreciated studying
content that related to real life scenarios. Students cited that learning how DNA testing
allowed for freeing wrongfully convicted people was a real-life connection they enjoyed.

A few of these responses are presented in Table 4.13.

Table 4.13
Student responses from journal entries

Enjoyed studying DNA testing

| want to be a forensic scientist, so learning about wrongful incarceration and DNA
testing was really fun
| liked learning about DNA testing and how it improved to solve cases

Real world issues
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| like that it gives us a real world glimpse into what the world is really like
| liked having a reference for when the topic was used

A few students also mentioned that they found it interesting to learn that where
you lived could affect your health (cancer alley), but far fewer mentioned enjoying the
food desert unit. Student responses have led me to infer that the disconnect from the food
desert unit could be either from the challenge of the content, studying biological
macromolecules, or because cancer is a more relatable occurrence than food insecurity is
for these students. One student mentioned that “I didn’t find food deserts as interesting”.
Students would reference cancer alley and wrongful conviction units specifically but not

the food desert units, further supporting the relatability of these topics over food deserts:

“I liked learning about DNA testing and how it improved cases”

“Cancer alley gave relevant information to the unit we were on”

Helpful to Understanding. Most students responded to the journal prompt that the
issues we studied helped them understand what we were learning and did not go into
more detail. A few, however, did elaborate. One student said that applying what we
were learning helped him understand. Another student referenced that it allowed her to
“dive” into the issue and research more about what we were learning. Finally, one
student wrote “It made it easier and more interesting, so it made it fun”; he is the type of
student who thrives when he is interested in a topic and engages more readily in the

content.
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Students who had negative responses. Of the eight students who did not wholly
agree that using the social justice topics was engaging and helpful, three of them stated

that it did not help them.
“I didn’t like that it did not exactly help me understand the lesson being taught”
“It 1s not helpful to understanding the topic”
“Nothing helped because I didn’t use anything to help me, I just gave up”

The third response may have been in reflection to her challenges in class overall, as she
scored low on our first few unit tests and had to take advantage of reteaching

opportunities throughout the academic year.

The remaining five students explained that they felt that studying food deserts was
more appropriate for their human geography class, which also addressed food deserts as

part of the curriculum.

Students who had emotional responses. | was expecting some potential
concerns for two of my students who had parents battling cancer diagnoses when we
studied the cancer alley topic. However, they were not the ones who referenced having
an emotional response. Here are some quotes from the five students who had such a

response:

“I didn’t like talking about cancer alley because it is very sad and I don’t like

being sad”
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“I disliked cancer ally [sic] because my cousion [sic] had cancer and it brought

back bad memories from that.”

“I didn’t like that these things were happening to people and no one was doing

anything”

“I didn’t like how [indecipherable] and that people are the cause for the

problem”
“I felt bad for some of the people”

It is notable that of these five respondents, four of them indicated that despite the
feelings, they still were able to find the concepts useful in understanding the information.
The last respondent indicated “It didn’t help me understand because I had no idea what

we were doing in the first place.”
In journal responses, these students claimed difficulty in seeing the connection:

Student 1: Discussing . . . these topics definitely added a level of depth and reality
to the subject matter of biology. What I disliked about these topics was their
distance from actual biology at times, not often feeling directly related to buology

but instead coincidentally related.

Student 2: Overall I think that the topics are important but don’t really fit into the

science category and really relate to anything in science.

However, in their work samples, they were able to effectively connect the content to the

issue:
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Student 1 describing the role of DNA testing in exoneration: DNA is unique and
specific to each person, which was how Samantha was discovered as the attacker
instead of Clemente from her DNA placement. Clemente’s DNA was also found,
and only proved his innocence as only finding the bodies; the blood splatter on his

clothing transferred when picking up the victims.

Student 2, describing the role of food deserts in the health of individuals: Food
deserts can lead to greater incidences of obesity because the food that is easiest to
to [sic] get to is high in carbohydrates and lipids, but low in proteins and other
nutrients that humans need. Carbohydrates and lipids are macromolecules that can

be bad for you if they are not consumed in moderation.

Summary of Student Surveys and Journals

The analysis of student surveys and journal responses provided evidence to
answer Research Question #2: How do students experience studying social justice SSI?
There was a shift in student perceptions of equality and needs in just societies. Student
responses demonstrated that they became more aware of what qualified as needs of
society and how societies can demonstrate more equality. Students also self-described
that when they have a real-world situation to study, it helps them to understand the
biology concept. Students also self-reported that they liked and appreciated learning

about issues that affect and impact their community.

Research Question 3: How do students describe the applicability of social justice

socio-scientific issues to real-world contexts?
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To answer research question 3, the remaining two open-ended responses from
the surveys will be used. The responses to the first two questions (questions M and N)

will provide evidence for research question #3. The questions from the survey are:

Question M: How are science topics important or useful to people in society?

Question N: How can science be applied or used to determine the needs of people

in society?

Pre-Survey Results

Seventy-six students completed the pre-survey. For the two questions listed
above, | looked for themes among the responses given. The first thing that stood out
right away was that 17 students answered a version of “I don’t know” to Question M and
19 students to Question N. Five other trends appeared among the responses to these two
questions on the pre-survey: needs, knowledge, medical, application, and jobs. The

frequency of responses under each of the coding categories are presented in Table 4.13.

Table 4.13
Frequency of responses for coding variables to pre-survey student responses to
questions M and N

Question “Idon’t Needs Knowledge Medical Application Jobs
know”
M: How are science 17 10 6 8 6 2

topics important or
useful to people in
society?

N: How can science be 19 5 3 12 0 1
applied or used to

determine the needs of

people in society?
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Needs. For Question M, 16 students referenced “needs” in their responses. A
typical response seen was “to determine the needs of people” with no further
clarification, possibly prompted by Question N. Some students responded with different
language but were still vague in their responses. Only 5 students referenced needs in
responding to Question N. Some sample responses that demonstrate the vague responses

to Question M were:

“helps you understand important things we need in life”

“things we need in life”

“to know what you need so you know what to work for”

Knowledge. Six students referenced some sort of knowledge, learning, or
understanding in answering Question M. These responses were centered around
understanding how the world works. Representative answers were: “Science is important
so that people know how the world works™ and “Help people learn about things that can

be useful”.

Medical. For Question M, 8 students responded with a reference to medicine or
health; they identified finding cures, identifying illness, or even treating mental health
concerns. But to Question N, 15 students made reference to health or medical issues.
One specific quote that addressed the way science could be applied in determining needs
of individuals addressed inequities with: “Different backgrounds and ethnicities are at
different risk rates for sicknesses so some [sic] who is African American, may need more
help with something than someone who is Hispanic”
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Application. Seven students referenced applying scientific knowledge when
answering Question M to develop new technologies, such as “inexpensive alternatives”
or “solar-powered entertainment”. They also referenced using science to gather data:
“using statistics gather from studying crime you can find the cause or motives of certain

crimes”

Jobs. Three responses between the two questions referenced studying science in
the pursuit of a career with responses such as: “They are useful if you study them and get

a job from them”

Social justice connection. In the pre-survey, three student responses were
particularly interesting in light of the focus of this study in that they touched on
underlying causes of inequities in communities. In response to Question M one student
answered: “Science topics are important and useful to people in society because it
explains how and why we have certain things in our community.” To Question N, a
student responded: “Different backgrounds and ethnicities are at different risk rates for
sicknesses so some who is [sic] African American, may need more help with something
than someone who is Hispanic.” Another responded to the same question with: “Science
can be used for water treatment and stuff of that matter. Science is not helpful for

determining ‘pay gaps’ in society.”

Post-Survey Results

Sixty-seven students completed the post-survey. After experiencing the social

justice lessons, only 11 students responded “I don’t know” to Question M and to
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Question N. For the post-survey, the five trends that emerged were: medical, social,
argumentation, application, and knowledge/experimentation. Frequency of responses

within each coding category are presented in Table 4.14.

Table 4.14
Frequency of responses for coding variables to post-survey student responses to
Questions M and N

Question “1 Medical Social Argumen- Appli- Knowledge/
don’t tation cation Experimentation
know”

M: How are 11 11 13 5 4 14

science topics
important or
useful to people in
society?

N: How can 11 9 7 2 3 20
science be applied

or used to

determine the

needs of people in

society?

Medical. In the post survey, students referenced medical needs again, and the
results were similar. For Question M, 11 students referenced medical needs in the post-
survey as compared to 8 for the pre-survey. For Question N, the responses decreased in
the post survey: 9 students in the post survey referenced medical connections, compared
to twelve students in the pre-survey. Common themes around medical responses
included diagnosis, disease research, and a deeper understanding of how our bodies work.

Sample responses are presented in Table 4.15.
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Table 4.15
Sample post-survey responses coded as medical to questions M and N

M: How are science topics important or useful to N: How can science be applied or used to
people in society? determine the needs of people in society?
Determine needs of people especially determine the medical needs of people
ones who are ill ex: cancer
understand diseases and life threatening what kind of medicine some people
things” need”
can identify the health conditions of doctors and checkups
people
understanding of how our bodies work people who are sick should receive care

Social. Responses to the post survey showed a theme referencing equity, living
conditions, and uneven distribution of resources. Student responses included using
science to identify potential dangers in society, using science to get a better
understanding of why there are differences for citizens, and studying factors harming

low-income communities; examples of these responses are presented in Table 4.16.

Table 4.16
Sample post-survey responses coded as social to questions M and N
M: How are science topics important or useful to N: How can science be applied or used to
people in society? determine the needs of people in society?
Getting enough resources to live make food for the needy
determine whether peoples living situations are how people cells are harmed by there [sic]
tougher than others environment
see what race and areas of the country are to find the perfect amount of support we can
struggling give to our citizens without becoming reliant
identify dangerous inequities in society and identify problems with living conditions

how we can fix them

Argumentation. In response to Question M five students referenced using science and
data in “proving points” or winning arguments, examples are presented in Table 4.17.

This demonstrated a recognition of having evidence to support claims and arguments
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rather than just feelings or opinions. These responses also reinforced the focus of
supporting claims with evidence that was prevalent throughout this class; my students
regularly were asked to follow the CER (claim, evidence, reasoning) format in

responding to investigations in class (McNeill & Krajcik, 2008).

Table 4.17
Examples of student responses coded as argumentation

Examples of argumentation responses

Can back up people’s personal explanations
Prove people’s points
More facts that can be proven
Can help arguments end

Prove things

Application. In response to Question M, four students referenced applications
that entailed making things better or easier, such as “make things cheaper”, “find
solutions to problems”. In response to Question N, several of the responses referenced
using the science to determine the needs of people in society: “show what they need” and

“what resources are needed for society”.

Knowledge/Experimentation. Another new theme that appeared in the post
survey was the use of science to collect data and continue with experimentation.
Fourteen students answered with a response that was coded as knowledge or
experimentation to Question M and 20 students answered similarly to Question N.

Sample responses are provided in Table 4.18.
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Table 4.18
Sample post-survey responses coded as knowledge/experimentation to questions M & N

M: How are science topics important or useful to N: How can science be applied or used to
people in society? determine the needs of people in society?
help you understand things with a better can help us understand people
education
understand the nuances of the natural world it can give us statistics
help people better understand what’s going on in give us information
the world
they give facts Helps people learn

Summary of Survey Results

The comparison of pre-and post- survey open-ended responses provided
supporting evidence to answer Research Question #3: How do students describe the
applicability of social justice SSI to real-world contexts? Immediately, there was a
decrease in responses that included “I don’t know” which indicated more students were
confident in providing a response to the connection of science to issues of social justice.
In addition, the initial themes were primarily around learning about the world around
them, medical applications, and needs of people. After studying the social justice units,
students shifted in their themes and included identifying issues of injustice, gathering

evidence to support arguments, and application of scientific concepts.

Shifts in Instructional Units

As part of the action research aspect of this study, pedagogical reflection and
student feedback were used to make adjustments to the lesson format for the social justice
units. During the first unit, the study of food deserts in context of biological

macromolecules, it became evident that students needed support in making the
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connections between the science content studied and the social justice issue. In the first
lesson students understood that healthy food is important, but often neglected to connect

that to the function of the various biological macromolecules in a person’s diet.

During the second lesson, studying cell cycling and the prevalence of cancer in
those living in cancer alley, more time was spent discussing that the residents who were
most affected along cancer alley were African American (James et al., 2012). While the
students studied cell cycle checkpoints and how the cell checks for damage before
proceeding through the division process, we discussed that some environmental factors
could interfere with the cycle and the cell may reproduce while damaged. The choice of
content also was a shift in the unit planning from the first to second units. The
occurrence of cancer is a more personally relevant situation for the students than
experiencing food deserts. While I believe it is important for students to learn about
situations affecting people outside of their community, starting with a more relatable

topic may have fostered a groundwork for making connections.

The focus group interviews took place shortly after the second lesson, and the
feedback provided by students provided clarity for me in their understanding of
terminology. It became quickly evident that some students were not clear about the
distinction between equity and equality. It also became clear that those who did know
there was a difference, a few were applying the financial definition of equity to our
discussions. This made it clear that students may have been participating in

conversations with an incomplete knowledge of terminology. Based on their feedback
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and suggestions, | spent a little time defining for all classes the distinction between equity

and equality. Again, explicit instruction became important for students.

Another challenge in nuanced language for the students arose from one of the
survey questions. “It is just if all people have the same living conditions” was a survey
prompt that gave the students pause; many were interpreting this to mean that people
should have the same type of home or car. | had to include in class discussions that
“same living conditions” referred to equal access to healthy food, water, and air. These
conversations allowed us to reflect back on our studies of food deserts (access to healthy
food) and cancer alley (access to clean air) and connect the living conditions to the health

conditions that people encountered.

The topic for the final lesson also proved to be engaging for students. While
students likely did not have a personal connection to wrongful incarceration, the use of
specific cases of individuals who were wrongfully incarcerated gave them a purpose that
motivated them to understand the topic of DNA and DNA testing. In my field notes |
noted that one girl became teary-eyed while reading the cases of the wrongfully
incarcerated people. When I asked her why she was sad, she responded that “they missed
out on their lives.” Another student commented that this type of topic is interesting to
her, and she wants to work in social justice, she even recommended the book Just Mercy

to me.
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Summary of Changes to Instruction

The changes to instruction that were implemented in this study were threefold.
First, explicit instruction of definitions pertinent to understanding social justice issues.
Second, a purposeful discussion of the nuanced meanings of needs within a community.
And finally, incorporation of relatable, personal case studies as with the Innocence

Project to study the application of DNA testing.
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Chapter 5: Conclusion
Introduction:

This chapter presents a summary of the study and the themes that were revealed
in student work, interviews, and survey responses as presented in Chapter 4. | will also
situate the findings within the context of the literature and implications for classroom

teachers. | will close this chapter with recommendations for further study.

This study has set out to address the issue of Eurocentric domination within
science instruction by seeking a method of decolonizing the science curriculum. This
study used Paul Gorski’s (2008) definition of decolonizing curriculum which focused on
four key points: (1) highlights the contributions of Black, Latinx, and Indigenous peoples
to science, (2) acknowledges and addresses issues of historical injustices within science,
(3) acknowledges and recognizes issues of sociopolitical context, and (4) encourages
challenging discussions and topics. The purpose of the study is to see what happens
when | attempt to decolonize Biology instruction by framing instruction through a lens of
social justice issues, focusing on the last two points of Gorski’s definition. The three

research questions that drove this study are:

1. How do students characterize the connection of science to social justice issues?
2. How do students perceive their experience of learning social justice socio-

scientific issues?
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3. How do students describe the applicability of social justice socio-scientific issues

to real world contexts?
Major Findings

The major findings of this study can be summarized into four areas. After

participating in the social justice socio-scientific issue lessons:

1. Students were better able to describe how science can be used to identify social
justice issues in society.

2. Students were able to describe the social concerns relevant to our units of study.

3. Students shifted in their perceptions of equality and in providing for the needs of
citizens in our communities but did not shift their perceptions of equity and
entitlement.

4. Students were engaged and enjoyed studying biology from a perspective of social

justice.

Students Describe How Science Can Be Used to Identify Social Justice Issues in

Society.

Student responses to the open-ended survey questions that asked, “How can
science be used to identify inequities in society?” demonstrate a shift in their ability to
describe how science can be used to identify social justice issues in society after
participating in the three social justice lessons. Far more students (21) responded to the
question with an answer that was coded as social implications in the post survey as
compared to the 10 students who responded similarly to the pre-survey question.
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Student responses in the pre survey were focused on gathering data about groups
of people and determining fairness from the data; representative responses were:
“Science can be used to identify inequities in society by accounting all aspects in societal
life and going from there” and “It can show different struggles people have in different
situations”. In the post survey student responses demonstrated an application of the
content taught and an understanding that there are underlying causes to inequitable
situations. Students included responses that described the issues of food deserts, a topic
we studied: “the types of foods in grocery stores around low income communities
compared to high income communities”. Some responses addressed living conditions
and quality of the environment (relevant to cancer alley study): “Science can show and
identify the inequities in society by exposing the flaws in living conditions, economy,
government, population, etc [sic] which can help people to focus on the flaw”. Students
also considered issues beyond our studies: “It shows if the rich have better healthcare
than the poor” and “By looking at our genetic similarities and realizing we don’t need to
treat people unjustly”. Finally, students also recognized that inequalities affect some
races more than others: “to identify inequities in society by the statistics of health and etc

of minorities or people who are targeted”

Researchers who have incorporated issues around justice within their studies
have found that in order to classify an issue as a social justice science issue (SJSI)
consideration needed to be given to how the students viewed the issue as relevant to their
community (Morales-Doyle, 2017). Morales-Doyle found that an effective SJSI

“grapples with issues of social justice as it intersects with scientific phenomena and
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resonates with the hearts and minds of the students” (p. 1043). My students may have felt
more removed from the issues of food deserts — none of them personally live within a
food desert and do not have the limitations or food insecurities that their counterparts in
some of the rural parts of our state may have. Levine Rose and Calabrese-Barton (2012)
also found that with middle school students, the experiences of the students played a role
in how the students framed or interpreted the issues. If students did not have a direct
connection, teachers may need to guide students to practice framing issues of social
concern through a variety of lenses: ecological, economical, health, to name a few.
However, as | strive to decolonize my classroom and incorporate aspects of culturally
relevant pedagogy, students benefit from the exposure and opportunities to learn about

the cultural experiences of others, even if they can not relate themselves.

My students were able to connect more to the topics of Cancer Alley and
wrongful convictions. Each of the students knows or has known someone who was
affected by cancer (two of whom had parents diagnosed during our academic year
together); these personal connections afforded them the ability to relate to and
sympathize with the citizens of Louisiana. This was evidenced by the eight students who
reflected on the cancer alley lesson in their journal responses, two of whom specifically
discussed how hard it was to study cancer: “despite the bad memories it did help me
understand the content”. In terms of the wrongful convictions, the stories provided by the
Innocence Project gave my students a face, a name, and a description of that individual
that allowed them to have empathy for their situation. Had we studied DNA testing

without the context of a real individual who was exonerated, they may not have been as
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connected or invested. Lundeberg and Yadav (2006) found that when case studies were
used, students self-reported that the content was easier to achieve and that the higher the
expectation of achievement, the greater the gains. This was further corroborated in a
study of over 100 university science faculty that found when case studies were
incorporated into their curriculum, students thought more critically and were better able

to make connections to content being taught (YYadav et al., 2007).

Students Describe Social Concerns Within Society.

Culturally relevant pedagogy requires that teachers incorporate socio-political
consciousness within the academic curriculum, focusing on place-based issues relevant to
students’ communities (Ladson-Billings, 1995a). Morales-Doyle (2019) argues that ‘an
equitable science education asks students to consider how they can use scientific
knowledge to build collective power for peace, justice, and sustainability” (p.490) Reiss
(2003) posits the necessity of including social justice issues in science instruction to
broaden student interest and expand the focus of social justice beyond the classroom and
to prepare students to apply their knowledge to the “real world” and not just for the next

class they will take.

While these researchers argue that use of social justice content in science
classrooms is valuable and essential, they do not discuss how students are able to
describe those social concerns. After participating in three units focused on social justice
issues, my students’ work samples demonstrated an improved ability to describe social
concerns. Student responses to the open-ended survey questions that asked, “How are

science topics important or useful to people in society?” and “How can science be applied
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or used to determine the needs of people in society?” demonstrate their ability to describe
social concerns within society after participating in social justice lessons. The themes
that developed from responses to these questions prior to participating in the lessons
were: needs, knowledge, medical, application, and jobs. Responses in the pre-survey
were very general and lacked depth of application of the science component as
demonstrated by these sample responses: “helps you understand important things we
need in life”, “help people learn about things that can be useful”, “determine causes of
sickness”, and “help people make discoveries”. These responses lacked specificity and

reflected primarily academic and medical uses for science.

After participating in the lessons, the themes that were coded for the same
questions were medical, social, argumentation, application, and knowledge. There was a
greater sense of depth and application within these responses. Students began answering
the questions with specific scenarios: “can identify the health conditions of people”, “if
people are getting enough resources”, and “can back up people’s personal explanations”.
These responses show a greater understanding of the way science can be applied and

impact society beyond the typical responses of medicine and education.

In addition to recognizing a broader application of science, students recognized
the value of understanding science in argumentation. Argumentation is an essential skill
to developing scientifically literate students; use of socioscientific issues has been
demonstrated to be effective at developing argumentation skills, particularly when this
practice is supported and scaffolded (Dawson & Venville, 2010; Evren-Yapicioglu, 2018;

Sadler, 2004b). The skill of using evidence-based arguments to support claims is a key to
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the nature of science and of students with strong scientific skills. The use of SSI in the
classroom is effective at promoting concepts of the nature of science such as the
application of empirical evidence and the tentative nature of science (Eastwood et al.,
2012; Sadler, 2004b). In this model of instruction, students are exposed to scientific
experiences that require them to obtain empirical evidence to support claims that they
apply to real-world scenarios. In the settings of social justice issues, students are faced
with recognizing and reconciling with the fact that science is conducted within a social

setting and is influenced by its cultural embeddedness.

In addition to survey responses, student work was assessed on a rubric that
evaluated products for connections to science focal issue and descriptions of social
concerns. Students’ abilities to connect science content to the focal issue scored a mean
of 3.65 (out of 5) on the first lesson, but for the third lesson, their ability to connect was
scored a mean of 4.35 (out of 5). Students were more effective at connecting the issue of
exoneration to the process of DNA testing in their descriptions of the wrongful
incarceration cases. This ability to connect the science to the focal issue in Lesson 3 was
an improvement to the first unit in which students were able to connect health conditions
to accessibility of healthy foods, but only a few (5 of 37) were able to connect to the
biological macromolecule content of the foods that made them healthy or unhealthy.
Rudsberg et al. (2013) analyzed recorded SSI discussions in upper secondary schools and
found that as learning progresses through the academic course, argumentation skills also
improved. My students may have improved in their connections through experience of

opportunities to practice.
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Zeidler et al. (2013) implemented several surveys to students from five different
countries in school grades equivalent to US grades 10-12; they found that students in
South Africa, Jamaica, United States and Sweden had more difficulty in using their
scientific knowledge in justifications of SSI issues than those students from Taiwan.
They found that students from Taiwan exhibited more egalitarian perspectives than
students from the other countries. This demonstrates that students within the United
States may need support and guidance in extrapolating issues from individual
perspectives to community perspective. For example, Sadler (2004) found in a review of
literature that during SSI lessons students would apply evidence-based arguments but did
not address counterpoints. Dawson and Venville (2008) found the need to scaffold and
support the practice of argumentation. The SSI model of instruction lends itself readily
to promoting the application of concepts of nature of science, such as argumentation and

empirically-based evidence (Eastwood et al., 2012)

Student work for lesson one (food deserts) was scored on a scale of 1 to 5 with a
mean of 3.51 in their ability to describe social concerns, and after all three instructional
units, student work scored a mean of 3.95 on the same scale for their work on the DNA
exoneration assignment. In the study of food deserts, students would discuss that eating
unhealthy foods would lead to illnesses that would make them more at risk for
complications due to COVID-19, but they did not discuss that access to the healthy foods
because of living locations was a contributor to eating unhealthy options. In Dimick’s
(2012), study of a public charter school’s investigation of pollution in a nearby river, not

all students were able to connect the issue to the scientific concepts; many of them
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needed additional scaffolding support in the academic context but were motivated to
participate because of the justice-oriented issue. Similarly, many of my students were
unable to connect the risks of limited access to healthy food to the scientific concepts of
macromolecule function. My students had most experienced issues of food insecurity
from a vantage point of an opportunity to provide service or donation. Each year the
school promotes a school-wide food drive around Thanksgiving, but students do not have
any connection to whom this donation benefits. Providing students with a case study
situation (even if fictitious) in which a teenager lives in a food desert might give a sense

of connection just as the individualized cases from the Innocence Project did.

However, as students described the social issue relevant to the wrongful
incarceration, students were more able to include the who, why, and how involved. If
students did not earn the full score of 5 on the assignment, it was often because they
neglected to include why the person became convicted. They were effective at discussing
who the convicted person was and how they were exonerated. This could have been
improved through purposeful discussions in the classroom to consider which people were
more likely to be convicted and why. At the start of that unit, | conducted a mini lesson
on implicit bias, but, upon reflection, did not effectively refer back to implicit bias as

students grappled with the reasons for wrongful convictions.

The opportunity to connect with the wrongfully convicted from an empathetic
perspective may have resulted in a greater ability to connect the science to the issue and
to describe the social concern. Empathetic connections within an elementary STEAM

classroom resulted in greater ability to apply scientific concepts because the scenario was
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not arbitrary, but rather, a purposeful and relevant investigation (Bush et al., 2020).
Having the personal description from The Innocence Project may have humanized and
provided an empathetic experience for the students’ learning motivation. Students can
experience transformative learning as they are exposed to scenarios that expand their

knowledge of human experiences and extend their frame of experience (Mezirow, 2009).

Powell (2021) found that middle school students were able to generate arguments
effectively if SSI practices were implemented well in the classroom; students could
discuss the factors involved in making decisions when given the social issue to
investigate. My students focused on empirical evidence as the value of using science to
identify social justice issues in society, just as Sadler found in his meta-analysis of SSI
research as they relate to science education (Sadler, 2004b); students were able to apply
content learned within the context of the SSI unit, but not necessarily able to extrapolate
beyond the localized context. Sadler and Zeidler (2005) found that mastery of content
was related to improved reasoning, but that context was important: genetics
understanding was more adeptly applied than the influence of environmental factors on
health conditions; they found that just because students had content knowledge, they did
not always connect it to the SSI unless there was a more personal experience. This was
similar to my findings; students experienced more personal connection to issues related to
individual health and safety (cancer and wrongful incarceration) and were more effective
at making scientific connections to these scenarios, as opposed to the localized issue of

food insecurity, which was not relevant to my students.
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Further, instruction of social justice issues needs to be explicitly made. Students
studying social justice issues, just as in studying nature of science, need explicit
instruction of social justice issues rather than assuming that they will make the
connections implicitly (Abd-El-Khalick et al., 1998). Walker and Zeidler ( 2007) found
that when students were given scaffolded experiences in applying their learning through
SSI to specific aspects of NOS, then they were more successful at critically analyzing the
issue. They proposed a guided experience of focusing on specific aspects of NOS within
the context of the SSI. In instruction with social justice issues, scaffolding could be
centered around the Learning for Justice Social Justice Standards (Chiariello et al., 2018).
Within this framework of standards, there are grade-level standards divided into areas of
identity, diversity, justice, and action. Just as Walker and Zeidler (2007) proposed
focusing on specific areas of NOS connection, science students could focus connecting
content to specific standards for social justice. The following three standards would have

been appropriate for focus with my students:

Diversity 10 (DI1.9-12.10): | understand that diversity includes the impact of

unequal power relations on the development of group identities and cultures.

Justice 12 (JU.9-12.12): | can recognize, describe, and distinguish unfairness and

injustice at different levels of society.

Justice 13 (JU.9-12.13): | can explain the short and long-term impact of biased
words and behaviors and unjust prices, laws and institutions that limit the rights

and freedoms of people based on their identity groups. (Chiariello et al., 2018)
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Using the above-referenced standards would provide direction and a means of
assessing my students’ understanding of social justice issues. For example, the first
standard, Diversity 10, prescribes a specific way in which to approach and define
diversity for students so that when we consider which groups of people are affected, there
is a way to connect race to power relationships that may place marginalized people in a
harmful setting. With standard Justice 12 and Justice 13, the verbs, describe and explain,
within the standard provide a directive that | could incorporate into my assessments or
activities. These verbs would guide students to specifically address the justice issues from

a common perspective of unfairness and rights and freedoms.

Moreover, Sadler (2004) recognized that teaching through SSI requires a
component of morality that cannot be left to chance. The teacher needs to create an
environment that encourages sharing of ideas where all views are respected. The values
of the individual students can result in them seeing the same evidence and arguing
different viewpoints (Rundgren et al., 2016). The more a teacher scaffolds the classroom
to include discussions of morality within the context of the social justice issue, the more

likely students will become justice-oriented citizens (Chowdhury et al., 2020b).

Student Shifts in their Perceptions of Equality and in Focus on Needs of Citizens in

our Communities

Doganay and Oztiirk (2017) found that students had shifts in views of human
rights after eighth grade students in Turkey participated in long term lessons focusing on
socioscientific issues with a human rights focus. In particular, students developed

positive attitudes toward developing a standard of living that ensured access to adequate
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food, clean water, and food security. These findings are similar to those that | found with

my students as they experienced shifts in perceptions of equality and needs of people.

Within the Basic Social Justice Orientation Scale developed by Hille et al.
(2018), questions targeted one of four social justice perspectives: equity, needs, equality,
and entitlement. My students showed a shift toward more equality and needs of people;
through class discussions my students and | defined equality to mean not literal equality
in terms of material items but rather in terms of equal access to healthy air, food, and
water. The lesson on food deserts was designed for students to become aware of the
challenges to health and wellbeing that can arise when people do not have access to
healthy food options. The unit that focused on Cancer Alley was designed to elucidate
the risks that can arise when citizens are exposed to unhealthy air quality, which is often
associated with poverty and poor living conditions. Both of these units were geared
toward the needs and equality aspects of social justice. Students’ responses to Likert-
scale questions in a survey administered before and after social justice instruction
provided evidence of their shift in perceptions of equality and on needs of citizens.

Survey prompts that addressed topics of equality included:

It is just if all people have the same living conditions

A society is just if there are only minor income disparities between people

It is just if income and wealth are equally distributed among the members of our

society
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The mean of student responses in the survey administered before the lessons fell between
disagree and neutral, but after the lessons, the mean of responses was at neutral. The

Wilcoxon signed rank test demonstrated a significant difference in the responses.

There were three survey prompts that addressed student views on Needs of the

Community:

Item A: A society is just if all people have sufficient nutrition, shelter, clothing as

well as access to education and medical care

Item E: A society is just if it takes care of those who are poor and needy.

Item J: It is just if people taking care of their children, or their dependent relatives

receive special support and benefits.

The mean responses of students on the Likert scale shifted from neutral before lessons to
agree after lessons. Students began to identify needs as not just giving people handouts,
but ensuring that their access to clean water, air, and healthy food are essential. My
findings are similar to the findings of Herman et al. (2020) who found that postsecondary
students who participated in a place-based environmental education course experienced a
shift in their views of whose perspectives (park rangers, ecologists, Native Americans,
government) were relevant to the reintroduction of wolves to Yellowstone National Park;
students were more likely to put themselves in the perspective of others. The impact of
the students participating in this place-based unit encourages me to incorporate a more

localized place-based setting to my lessons.
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The final unit, wrongful incarceration, was most closely related to the social
justice issue classified as entitlement in the survey: the distribution of privileges based on
ascriptive qualities. My students had a mean response score of 2.79 in the pre survey,
indicating that their feelings fell between disagree and neutral. After participating in the
lessons, their mean response was 2.67, still within the disagree and neutral range.
However, students reflected an emotional response toward those wrongfully incarcerated:
“I felt for some of the people” and “it helped put things in perspective and helped me see
what other people are going through”. | am not surprised to find my students maintaining
a score within the neutral range for entitlement, they seemed to wrestle with the

statements:

Item D: It is just if members of respectable families have certain advantages in

their lives.

Item F: It is just if people who have achieved good reputation and wealth profit

from this later in life.

Item L: It is fair if people on a higher level of society have better living conditions

than those on the lower level

The students in this study attended a private Catholic school and many of them may have
felt that some of the identifiers resonated more with their family station. In addition, |
would not want to see the students to shift toward agree more, as that would indicate they

were adjusting to a more entitled perspective.
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While | found a shift in student views of needs and equity, entitlement did not
show a shift. Johnson et al. (2019) found that in a study of university students who
participated in experiential learning opportunities of inequities, shifts in ideology that
were founded on areas of privilege were harder to attain than shifts in equality that were
unrelated to identity. The authors found that when issues were more related to identity,
such as income level and privilege, the issue or identity was more ingrained and harder to
shift because of the social reinforcement that occurred by being surrounded or associating
with people of similar economic level or privilege. This may shed some light on why |
was able to see shifts in needs of the community but not as much in shifts of entitlement.
The entitlement statements may have been too personal; several of my students live in
affluent neighborhoods and are much more removed from living conditions that lack
privilege and means. Sainz and Jacott (2020) also found that issues related to economic
level were more complicated for adolescents to consider, because it was often a topic that
was not a part of their individual daily lives. Sadler et al. (2004) found that among
secondary students the arguments that were most convincing to the students were the
ones that aligned with their already-held beliefs; students needed to be challenged to

explore and investigate alternative viewpoints.

After completing the three units, students demonstrated through survey data,
journal responses, and artifacts a shift in their views of what defined equality and needs
within the community. Students did not demonstrate a shift in equity and in entitlement.
The survey that was implemented within this study was the Basic Social Justice

Orientation scale whose purpose was to order justice-related attitudes and to examine
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these attitudes toward distribution on a societal level (Hulle et al., 2018). The social
justice issues presented in this study did not necessarily tackle issues that addressed
entitlement as presented in the survey. Additionally, the application of equity questions
in the survey focused more on equitable distribution of resources as compared to effort
imparted. For example, Item H: A society is just if differences in income and assets

reflect performance differences between people.

Upon reflection, the analysis of the survey results did not provide the precise
information | was anticipating obtaining from this survey. The question format and
positionality did not lend itself to reflecting the perspectives of students as richly as the
open-ended questions and the journal reflections did. Having recorded interactions of
students during the lessons to capture their views in context would have provided an

interesting layer of observations as well.

Ethics and morality have been a component of SSI and decision making. The
inclusion of morality discussion in SSI is a natural fit that allows students to consider
their views about the issue at hand and should be an essential component of the
instruction. When students have the opportunity to consider moral implications they are
able to consider multiple viewpoints (Sadler, 2004a; Zeidler et al., 2002). Sadler and
Zeidler (2004) found that among 20 college students investigating issues such as gene
therapy and cloning, all students relied on morality at some point in the decision-making
process. Students referenced religion, personal experiences, and popular culture as some
of the aspects that influenced their moral views of the situation. These findings were

similar to those of Bell and Lederman (2003) in a study of 21 university students on the
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role of NOS in decision making; rather than relying on NOS, they relied more on
personal and ethical perspectives. Guiding students to support their decisions with their
scientific knowledge would increase the reliance on the tenet of NOS of empirical

evidence.

Students Were Engaged and Enjoyed Studying Biology from a Perspective of Social

Justice.

Use of socioscientific issues in instruction has been established to improve
engagement of students in decision making of controversial issues (Friedrichsen et al.,
2016; Hancock et al., 2019; Herman, 2018; Herman et al., 2020; Sadler et al., 2016b;
Sadler & Zeidler, 2005b). Students in this study self-reported that they enjoyed studying
science using topics of social justice as a theme to organize and understand content. Of
the 78 students who provided journal entries assessing their perspective of learning with
social justice issues, 63 of them responded with favorable views. Within this group, 20
students enjoyed the topics, 14 appreciated the relevance to real life, and 23 mentioned

how it helped them understand the material better.

Garii and Rule (2009) found that often when mathematics or science teachers
attempted to incorporate social justice issues within the content, only one of the two is
effectively taught. Some of my students felt this way as well; they enjoyed learning
about the social justice issue and understood the content but did not see the connection
between the two. Similarly, Dimick (2012) conducted a study focused on social justice
issues within an environmental science class and found that while students were engaged

and interested in the content and unit's focus, they did not view their efforts of river clean
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up as a scientific endeavor because they did not follow the traditionally taught scientific
method of experimentation. Cian (2020) found that socioscientific reasoning is not
transferable to all socioscientific issues; students may more readily have connections to
issues such as cancer or vaccination rather than others such as food insecurity or nuclear
power. Similarly, my students may have lacked experiences related to food insecurity
and thus issues of food deserts. Wrongful conviction was another area with which they
did not have a personal connection. Basu and Calabrese Barton (2007) interviewed
students about their perceptions of science and students revealed that if the topic was
relevant to them and solved a problem, they were more likely to be invested in studying
the topic. A review of literature also found that emotionally charged topics (i.e. human
cloning, or wrongful incarceration) had a greater impact on students’ ethical sensitivity
than topics that needed explanation (i.e. GMOs or food deserts) in order for students to

recognize the issue involved (Van Der Leij et al., 2022).

Students self-reported that they enjoyed the experiences of studying biology
from a perspective of real-world issues. However, as some of my students indicated that
they did not necessarily see the connections, the scaffolded practices discussed previously
could help them see the connections between the social justice issues and the role of

scientific understanding to help understand the underlying causes or consequences.

Unexpected Findings:

Several factors emerged that were unexpected during the course of this study.
The first emergence was the misinterpretation of the meanings of the words just and

equity. | had not considered that the use of the word just would confuse students even
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when read within the context of a situation. Students were familiar with the definition of
justice but did not connect the adjective form of just to its noun counterpart. This
confusion was addressed by adding a parenthetical explainer of (morally right and fair)

after each use of the word just in the post-survey that was administered to students.

The second term that was a challenge in defining for several students was equity.
Many students interpreted equitable to be synonymous with equal. A few interpreted the
use in terms of financial equity; this was surprising given that students ages ranged from
14-16 and they have not yet taken an economics course or personal finance. 1 did not
expect the confusion with word equity as described, but I should have been prepared for
the assumption that it had the same meaning as equality, as this is an occurrence among
people of all ages (Dome, 2022; Paul, 2019). As I teach units of social justice in the

future, 1 will be sure to address the difference in definitions early.

I was not expecting to find that students did not shift in their perceptions of
inequities but did so in terms of inequalities. After participating in the units of
instruction, student perspectives tended more toward agreeing with equality among
citizens. As a class we discussed the concept of all people having the same living
conditions to not mean all people would have the same type of home and transportation,
but rather they would have the same access to clean air, water, and healthy food options.
However, we did not spend time delving into the underlying causes of inequities and

disparities of living conditions. Had we done so, | might have seen different outcomes.
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Reflection on Framework

This study was centered on the framework of critical theory, culturally relevant
pedagogy, and constructivist learning, and based on Gorski’s (2008) definition of a
decolonized classroom. While Gorski’s framework provides for a focus for creating a
classroom that takes a critical perspective, honors contributions, and tackles difficult
topics, it does not provide for reflective praxis. A more comprehensive and evolving
version of a decolonized classroom would incorporate regular reflections on instructional
goals and a commitment to underlying issues of systemic racism. The use of reflective
praxis to ensure that the teacher is including issues of systemic racism can provide a
counternarrative to the mainstream instructional practices in science classrooms (Gist,

2014; King & Pringle, 2019).

Implications for Teachers

SSI has become an established model for instruction that provides real-world
concepts for students to apply scientific core ideas and practice reasoning skills
(Birmingham & Calabrese Barton, 2014; Patterson & Gray, 2019; Pelch & McConnell,
2017; Zeidler et al., 2019). This study has shown that the engagement of students with
science content is increased when they are given the opportunity to explore SSI from a
basis of social justice issues; students also show a greater ability to identify issues of
social justice through SJSSI. The SSI framework consists of three components: (1)
introduce students to a focal issue, (2) provide them with scientific content through
experiments and exploration, and (3) synthesize the material with a response or product

(Sadler et al., 2016b). Teachers can modify this framework by selecting a focal issue that
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centers on a social justice issue. In doing so, considerations can be made at each stage of

the SSI process (Table 5.1).

Table 5.1
Adjustments to SSI sequencing to include additions for social justice considerations
Focal Issue Scientific Content Synthesis of Material
Selection of issue with a social Intertwine instruction of science Guide students in considering
justice focus with social justice counterviews
Selection of an issue with Select social justice standards Guide students to justify their
emotional relevance (Chiariello et al., 2018) response through scientific

evidence and reasoning

Selection of an issue with place- Foster an atmosphere where Explore and investigate
based connection openness of ideas are valued underlying causes for injustice
Define relative terms: Practice explicit instruction of

just, equity, needs social justice issue

Selection of Issue

This modification of the SSI model begins with an issue of social justice, one that
influences social, political, and economic structures that prevent some people from
participating as full partners in social interaction (Fraser, 2007; Westheimer & Kahne,
2004). Selection of the issue is the first step for the teacher, and the sets the stage for
success with the students. The recommendation is also that the issue be relatable and
have an emotional connection (Magee et al., 2020; Mensah, 2011). When social justice
issues are relevant to the lives of the students, either through experiences (Basu &
Calabrese Barton, 2007; Cian, 2020; Herman et al., 2020) or emotional connection (Bush
et al., 2020; Mezirow, 2009; Van Der Leij et al., 2022), students are more apt to be

engaged and motivated to participate in the learning process (Buxton, 2010; Herman et
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al., 2020; W. Powell, 2021). The topic for my final two lessons proved to be engaging
for students. Many students have had an emotional connection to a diagnosis of cancer
within their family, and if not, a case study application could provide the emotional
connection. While students likely did not have a personal connection to wrongful
incarceration, the use of specific cases of individuals who were wrongfully incarcerated
gave them a concrete example that motivated them to understand the topic of DNA and
DNA testing. Just as Lotter et al. (2019) used a fictional case as part of a project-based
learning unit, an actual case of a person who may still be living is an engaging and

intriguing opportunity.
Explicit Instruction

Gandolfi (2017) found in a study of secondary science instruction of Nature of
Science (NOS) that explicit instruction allowed for rich dialogue, student interest, and
engagement with content. An explicit discussion of the social justice connection may
provide the same student outcomes in an SJSSI unit. My students struggled with
terminology related to social justice issues: defining equity was not intuitive to them.
Students either used the terms equity and equality interchangeably (Dome, 2022; Paul,
2019) or they interpreted the word equity in terms of financial applications. To
effectively address issues of social justice, direct instruction should begin with relevant
terminology to establish a consistent basis of knowledge along with scaffolded support
of connecting science to social justice issues. Instruction should continue with an
investigation into the different groups of people affected; these conversations will include

issues of systemic racism which teachers should be prepared to tackle (Gorski, 2008).
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Scaffolded Support

Swedish students studying issues surrounding sustainability development were
influenced by contextual presentation. If students were presented with environmental and
social factors to consider together, they were more influenced to consider both than if
they were introduced to these concepts separately. Meaning, that students need the
context of society and health/environment to fully connect the science to the social issues
(Berglund & Gericke, 2016). Teachers need to provide scaffolding for students by
interweaving the science instruction with the social justice issue. Finkel (Finkel, 2018)
described preparing teacher candidates to teach social justice issues within science by
having the candidates focus on three guiding questions with their students: “[1]Who
benefits from this knowledge and/or its application in society? Who does not? [2] Who
participated in the development of these ideas? Who got credit? [3] Who has access to
this knowledge? Who does not?” (p. 53). These scaffolding questions would encourage

students to dig deeper into the science content and to the underlying issues.

My students understood that healthy food was important, but they often neglected
to connect that to the function of the various biological macromolecules in a person’s diet
during our first social justice lesson. When middle school students were provided with
scaffolded support in crafting arguments that incorporated scientific reasoning into the
social justice issue, there was greater success (Belland et al., 2015), and even when
students had the opportunity to develop argumentations in collaboration with classmates,
they produced more effective argumentations of SSI (Evagorou & Osborne, 2013). In

fact, the instructional strategy of argument-driven inquiry prescribes an opportunity for
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students to gather feedback from their classmates on their arguments and to make any
needed adjustments (Sampson et al., 2011; Walker & Sampson, 2013). My students likely
would have benefited from this scaffolded support or collaboration as well. This key
component of social constructivism fosters students’ abilities to participate in sense-
making rather than just being passive learners that receive content (Hodson, 1998;

Vygotsky, 1978).

| also had a missed opportunity during the wrongful incarceration unit, where |
introduced the concept of implicit bias at the beginning, but I did not have them reflect
back on the topic of implicit bias as they investigated their cases of wrongful
incarceration. In having students review an individual case they would have benefitted
from a conversation tying back to implicit bias “how could implicit bias have played a
role in the conviction of the accused?”. Drawing their attention to the underlying causes
that resulted in the wrongful conviction and sharing those observations would have
provided an opportunity to, again, address systemic racism and underlying societal

instances of injustice.

Limitations.

This study has a few limitations. First, the study was conducted in a private
school that is not bound by the regulations of educational oversight and debates
surrounding Critical Race Theory that may make some educators hesitant in pursuing
social justice issues. Second, this study was conducted within one single classroom
where teacher served also as researcher; implementing this practice in a classroom that

can be observed by someone outside of the teacher may provide different perspective.
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This would be the next step as described by Mills (2018), in which the teacher-researcher
shares what was learned with colleagues to explore. Souto-Manning (2012) argues that
teachers should consistently position themselves as researchers to reflect on their practice
and seek to improve their pedagogy, but this can result in teachers shifting between an
insider/outsider position (Bukamal, 2022). Bukamal (2022) describes this
insider/outsider transitioning as one in which a researcher finds themself as part of the
group being studied and occassionally as outside of that group. It is a careful transition
for an individual researcher, such as a classroom teacher, to make as s/he moves back and

forth between roles.

Finally, one of the limitations was not fully engaging the students with
conscientizacéo, or critical consciousness. In this study the students were exposed to
issues of social justice and asked to connect the science and to describe the injustice;
however, they were not required to examine the underlying societal causes that
contributed to the social injustice. Exploring the critical consciousness related to the
issues would have more effectively represented the goals set by both Paolo Freire (2018)

and Gloria Ladson-Billings (1995).
Future Research

Future research could center on some of the additions or recommendations made

to the SSI model as presented in Table 5.1. For example:

1. How do students respond to instruction that is centered on a topic that is either

emotionally relevant or place-based relevant to them?
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2. Do students become more able to identify issues of social justice if the
instruction is centered around the instructional standards of social justice as
provided by Learning for Justice (Chiariello et al., 2018)

3. How does student argumentation shift when required to consider counterviews

in their investigations?

Additionally, the school where this study was conducted requires of all graduating
students to conduct a social justice research project in their Senior year. | would like to
follow these students to their senior year social justice issues project and see how many
of them incorporate issues that have a connection to science-based topics, whether it be
biology or otherwise. It would also be interesting to see how many of these students then
go on to study science in post-secondary education. Finkel (2018) posits that social
justice implementation is necessary to bolster diversity in future STEM professions and
engaging students in solving issues relevant to their communities, perhaps their exposure

may encourage some pursuits of STEM careers.
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Appendix A: Parental Consent

Dear Parents, Guardians, and Students,

My name is Stephanie Bailey, and | am a doctoral candidate in the Department of
Instruction & Teacher Education in the College of Education at the University of South
Carolina. 1 am conducting a research study as part of the requirements of my degree in
Teaching and Learning, and | would like to invite your child to participate.

| am studying the role of using relevant issues of social interest in science teaching. If
you decide to participate, you will be asked to complete some surveys about social justice
issues and science learning as well as participate in a group discussion about social
justice in science class.

In particular, we will discuss topics such as locations of healthy food options, using DNA
in exoneration of innocent people, as well as DNA testing and its ability to identify racial
background. You may feel uncomfortable answering some of the questions. You do not
have to answer any questions that you do not wish to answer. The group discussions will
take place at Cardinal Newman during the school day and should only last about 20
minutes. The session will be videotaped so that | can accurately transcribe what is
discussed. The tapes will only be reviewed by members of the research team and
destroyed upon completion of the study.

Participation is confidential. Study information will be kept in a secure location. The
results of the study may be published or presented at professional meetings, but your
identity will not be revealed. Surveys will be conducted using a confidential identifier
that will not be traceable back to student identity.

Others in the group will hear what you say, and it is possible that they could tell someone
else. Because we will be talking in a group, we cannot promise that what you say will
remain completely private, but we will ask that you and all other group members respect
the privacy of everyone in the group.

Participation, non-participation, or withdrawal will not affect your grades in any way. If
you begin the study and later decide to withdraw, you will not be penalized in any way.
Nor will anyone who participates receive an advantage.

I will be happy to answer any questions you have about the study. You may contact me
at shailey@cnhs.org or my faculty advisor, Christine Lotter at lotter@mailbox.sc.edu.

Thank you for your consideration. If you would like to participate, please complete the
attached information and return to me by August 25, 2021.
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With kind regards,

Stephanie Bailey
Cardinal Newman School
(803) 782-2814
sbailey@cnhs.org

Participation in Social Justice Action Research in Science

Please check the appropriate space, sign your name, and enter the date. Please have your
child return this portion of the letter to his/her teacher by the following

Due date: 8/25/2021

Please check one of | Use of classroom documents for action research (no one but

the options: project staff will view student work or videotapes)
| give my permission for my child to take part in the

Check h documentation efforts, which may include videotaping, surveys,

eck here classroom testing and observations.

OR
| DO NOT give my permission for my child to take part in the
documentation efforts.

Check here

Signature, Parent/Guardian Date

Signature, Student

Student’s Name (Printed)
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Here —

Appendix B: Food Desert Lesson

Food Deserts

Studies show that certain racial groups are disproportionately affected by
obesity. These problems may be worse in some U.S. communities because
access to affordable and nutritious food is difficult. This is especially true for
those living in low-income communities of color and rural areas with limited
access to supermarkets, grocery stores or other food retailers that offer the large
variety of foods needed for a healthy diet such as fresh fruits and vegetables,
whole grains, fresh dairy and lean meat products. Instead, individuals in these
areas may be more reliant on convenience stores. fast food or similar retailers,
or they may not have enough money to afford the higher prices. These areas of
limited access are called “food deserts.”*

Let's look at this from a biclogical perspective. Why would food deserts lead
to greater incidences of obesity? Make a claim, support with evidence, and
provide reasoning.

MNow, let's connect this to inequities among communities. Knowing this
information, and what you read/watched, consider the occurrences of
pre-existing conditions that may make some communities at a greater risk of
complications due to COVID-19. Make a claim, support with evidence, and
provide reascning.

150



Appendix C: Cancer Alley

You are advocating on behalf of the citizens of Gordon Plaza of Louisiana who live in the

region that has become known as Cancer Alley.

You will write a letter to the state representatives of Louisiana. Your job is to explain to
the representatives what the concern is and why it is a problem for the residents. Be sure
to explain how this affects the cells in the body. Come up with a reasonable, practical

proposal that could alleviate some of the stress.
Each topic above should be a mini paragraph.

Refer to the rubric included for guidance on grading.

social Justice in Science Rulbric

Criteria Grading Scale

Connection to science 4 3 2 1

Student work connects science Excellent Good Satisfactory Needs Improvement
content to the focus issue of unit

4 3 2 1

Excellent Good Satisfactory MNeeds Improvernent

4 3 2 1

Excellent Good Satisfactory MNeeds Improvernent
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Appendix D: DNA Exoneration Lesson

Create a poster:
How can science be used to address inequities, such as

wrongful convictions, in society?

Include:
A brief description of your case

An explanation of how exoneration was achieved

A connection between the science we have learned and
this exoneration

Use images/diagrams/symbols to explain the information
you are trying to convey
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