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Broadening the Pathways of
Engineering Education Through
Integration With Social Studies

BY SHANNON H. SUNG, RUNDONG JIANG,
XUDONG HUANG, AND CHARLES XIE

iddle school is a crucial time for developing an

interdisciplinary perspective and acquiring criti-

cal skills to tackle complex social issues. Students
need to recognize social problems, ask valid questions,
conduct independent research, design possible solutions,
make informed decisions, formulate persuasive argu-
ments, separate evidence from opinions, and respect dif-
ferent ideas in a culturally diverse and democratic so-
ciety. Both natural science and social science education
standards expect students to develop these competencies,
and while science teachers are looking for ways to situate
engineering education within a broader social context,
social studies teachers often need a method for students
to collect evidence to support their argumentation.
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Solar Panels v. Trees
court case description

In the real court case, the superior
court in California convicted the de-
fendant of violating the state’s Solar
Shade Control Act [AB 2321], which
states: After the installation of a solar
collector, a person owning ... another
property shall not allow a tree ... to
grow on that property so as to cast a
shadow greater than 10 percent of
the collector absorption area ... The
law was enacted in 1978 to protect
the rights of solar collector owners,
and trees that block the solar panels
from the Sun are considered a private
nuisance. The plaintiff sued the defen-
dant because he deemed her refusal to
remove the redwood trees in the back-
yard to be breaking the law.




Solar Panels v. Trees is an activity
that integrates engineering educa-
tion and social studies. In this activ-
ity, students participate in a mock
trial based on a real court case that
involved the impact of trees on solar
panel performance, use engineer-
ing design software to generate data
through simulations, and analyze
the data to find evidence to support
their arguments during the debate.
This case is especially controversial
because trees and solar panels can
both reduce carbon footprints and
mitigate climate change. Similar to
trade-offs in engineering practices,
students adopt a holistic perspec-
tive, consider the interest of multiple
stakeholders, and employ evidence-
based argumentation to resolve a
dispute (Brown et al. 2010; Chan and
Forsythe 2020; Osborne, Erduran,
and Simon 2004).

In addition to learning the science
and engineering of solar energy and
the social, economic, and environ-
mental impacts of electricity genera-
tion, students use Aladdin, a comput-
er-aided design (CAD) tool to collect

evidence for both sides of the mock
trial. Aladdin is a cloud-based CAD
tool that is freely available online (see
Aladdin in Online Resources) and can
run on all devices (including Chrome-
books, tablets, and iPads, etc.). With
Aladdin, students can animate the
Sun’s path, display shadows cast on
solar panels (such as those made by
trees), and add or remove different
trees to determine changes in solar en-
ergy output. Students use the built-in
simulation and analysis tools to gath-
er and process data to be used as evi-
dence for supporting their arguments
during the mock trial (see 5-E learning
objectives and daily activity outline in
Supplemental Materials).

Engage: Introduction to
Solar Panels v. Trees

Day 1, approximately 1 class
period, 45 minutes

The teacher can show Figure 1 to the
students and share an article from
The New York Times (Barringer 2008;
see link to article in References) that

| FIGURE 1: A Google Maps view of the houses of the defendant [left)
and the plaintiff (right).

CONTENT AREA

Earth Science/
Environmental Science

GRADE LEVEL
6-8

BIG IDEA/UNIT

Students will be able to
recognize social problems,
design possible solutions
using simulated data,

make informed decisions,
formulate persuasive
arguments, and respect
different ideas in a culturally
diverse and democratic
society.

ESSENTIAL PRE-EXISTING
KNOWLEDGE

Students understand
that all energy humans
use comes from natural
resources.

TIME REQUIRED

Ten class periods
(45-minute per class)

CosT

No cost

SAFETY

No safety issues
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describes how the defendant refused to cut down
the redwood trees in her backyard after her neigh-
bor installed solar panels (see Slides in Online Re-
sources). The teacher then introduces the responsi-
bility of each courtroom role that students will play
during the mock trial (see Table 1). Based on the
information from this real-world case, the teacher
introduces students to the modified case using the

information in the box on page 24 and reads Case
Background (see Online Resources).

Explore: Can you see the Sun through

the trees?

Days 2-4, approximately 3 class periods, 135
minutes

| TABLE 1: The responsibility for each role and the applicable evidence to be used during the
mock trial case and activity.

Relevant facts/evidence from data and
documents

1) The Sun’s path:
a. daily change of solar angles
b. seasonal change of solar angles
c. seasonal changes of daytime
d. the Sun’s path in different parts of the waorld

Role Responsibility

Solar engineering Offer professional opinions on solar
expert (every student] | energy concepts and applications during
the court trial

Plaintiff’s team: Provide evidence-based claims that the | Solar Shade Control Act [AB 2321]

plaintiff (1]*, defendant violates the law * Proof that the defendant did not obtain a
plaintiff’s attorneys permit to plant the trees
(2), expert (1], e Prior proposal to pay the defendant for her

tree removal fees

e Alist of all the advantages brought by
renewable energy

e Simulation data and energy output

secretary [1]

Collect evidence to defend against the e Planted the trees in 1998 without any warning
plaintiff’s charge e The trees were planted on her own property
defense attorneys (2], and some of them were planted before solar
defendant experts panel installation

(1), secretary (1) e Alist of all the advantages brought by the trees
e Simulation data and energy output

Defendant’s team:
defendant (1],

Carry out evidence-based reasoning * The facts presented by both plaintiff’s and
based on the data and documents defendant’s teams

Jury: foreperson (1],
members (3-4),

clerk [1) shared by the plaintiff’s and defendant’s
teams
Judge Conduct court proceedings, interpret the | ¢ The facts presented by both plaintiff’s and

law, show compassion and understanding defendant’s teams

for both plaintiff's and defendant’s sides e The summary and decision presented
of the case, announce the verdict, and
determine whether the defendant is guilty

*The number in the parenthesis indicates the approximate number of students to play the designated role.
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Each student is assigned to work on a laptop
equipped with Aladdin. The teacher places a lamp
in the back of the classroom and tells students that
the lightbulb represents the Sun, while the front of
the classroom indicates north. The teacher then ex-
plains common terminologies used to describe the
Sun’s locations to help students understand that the
Sun changes angles hourly, daily, and seasonally.
Students are asked to point their left hands to the
ceiling and their right hands to the lamp. They learn
that the angle between the two hands represents the
zenith angle, and the angle between the right hand

PANELS V. TREES

and the ground represents the elevation angle (see
Figure 2). With this basic knowledge, students open
the tutorials in Aladdin and use the heliodon tool to
simulate the Sun’s path and examine the daily and
seasonal changes of the Sun’s angles. They also ob-
serve the seasonal changes of daytime length and the
Sun’s path in different parts of the world. Students
can discuss findings with each other, but they need
to fill out the answer sheet individually. Finally, stu-
dents engage in an activity, Optimize It (see Online
Resources), to see who can generate the highest en-
ergy output from one solar panel by changing pa-

FIGURE 2: Using Aladdin to model the Sun’s location at noon on September 22nd in Boston,
MA. Students can use a heliodon to explore the Sun’s path in the sky and the changing solar
elevation angle at different times of the day and the seasons in a year. The direction of the Sun
can be represented by three angles: zenith angle (Z), elevation angle (h], and azimuth angle
(A). The zenith angle is the direction between the Sun and the direction perpendicular to the
surface. The elevation angle is complementary to the zenith angle. The azimuth angle is the
angle of the Sun relative to the north.
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rameters such as location, tilt angle, azimuth angle,
and efficiency (see Figure 3; directions for Optimize It
can be found on p. 18 of the Slides in Online Resourc-
es). Students” performance on the Optimize It may
be suggestive of their levels of solar energy under-
standing and can be used as a formative assessment.
This activity is self-paced, and the teacher addresses
students” questions and misconceptions during class
before proceeding to the mock trial.

Having gained a solid foundation with Aladdin,
students are ready to start exploring solutions specific
to the court case. Before the court is called into a ses-

sion, students interact with an Aladdin model of the
plaintiff’s solar panels and the defendant’s trees at is-
sue (see Figure 4) to determine whether the trees in the
defendant’s backyard lower the energy output of the
solar panels by 10% and, if so, which trees cause the
most reduction in energy output. Later on, students
who play the judge and the jury will need to rule which
trees “violate the law” and which ones do not.

The students collect quantitative evidence in
preparation for the debate by adding or cutting the
trees to simulate the energy output (see Figure 5A).
We provide an answer sheet to show the difference

| TABLE 2: A sample of student’s work that showcases how one keeps track of the changes in
energy output through iterative experimentations.

Remave all trees [ideal condition to yield maximum energy

output)

Keep all trees [worst condition for solar panels’ performance)

Reduction from max energy output (%]

7,743
5,936
(7,743-5,936)/7,743 = 23.3*

The impact of removing only ONE tree of your choice on the solar panels” annual output:

CutTree #__
Cut Tree #1
Reduction from max energy output
Cut Tree #2

Reduction from max energy output

Cut Tree #3
Reduction from max energy output

Cut Tree #4
Reduction from max energy output
Cut Tree #5
Reduction from max energy output

Annual energy output after cutting a tree
6,659
14.0%
6,008
22.4%

5,970
22.9%

5,945
23.2%
5,958
23.1%

The impact of removing a combination of trees on the solar panels’ annual output:

CutTrees #__

Cut Tree #1 and #2

Reduction from max energy output
Cut Tree #1, #2 & #3

Reduction from max energy output

Annual energy output after cutting a
combination of trees

7,159
7.5%

7,433
4.0%

*Students record the value of annual energy output and the Google sheet automatically calculates the percentage reduced from the max energy
output. The formula adopted for calculation is the discrepancy between the maximum and the reduced output in each experiment over the

maximum output.
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PANELS V. TREES

FIGURE 3: A solar simulation game, Optimize It, allows students to integrate the learned

concepts into practice.

<% Aladdin = oeen:

between the minimum energy output (i.e., keeping
all the trees) and maximum possible output (i.e., re-
moving all the trees at issue). Students plan and car-
ry out investigations in Aladdin (see Solar Concept
Answer Sheet and Instructions for Evidence Collec-
tion in Online Resources) by analyzing the daily and
annual energy outputs (see Figure 5B), learn how to
interpret the differences in energy output, and then
record the energy outputs into the answer sheet,
which helps students document their findings as sci-
entific evidence to be presented to the court.

Table 2 shows the work of a student who decided
to experiment by cutting Trees #1-5 individually and
writing down the annual energy output from each ex-
periment. The difference between the energy output
and the maximum output is automatically calculated
in the next column and highlighted in green. This stu-
dent might have noticed that Tree #1 impacts the en-
ergy output the most (i.e., Tree #1 casts the most shade
and causes the greatest loss when compared with oth-
er results in colored cells). Nevertheless, the remain-
ing trees still violate the law because the annual en-
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| FIGURE 4: Model of the trees at issue
(red oval) and the plaintiff’s solar panels
(white rectangle] in Aladdin.

3 Y
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ergy output is still reduced by 14%, exceeding the 10%
rule. The student continued to experiment by cutting

a combination of trees over two additional iterations,
both of which included cutting Tree #1 (see colored
cells in Table 2). Students are encouraged to interpret
and use the numbers highlighted in the colored cells
as evidence in the upcoming mock trial.
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FIGURE 5: [A] Aladdin interface allows students to easily remove and add trees to the
simulation to calculate the solar panels’ shading and electrical output; (B] student artifact
showing the screenshot recording the calculated daily output on March 22.
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The stage is now set for the trial to begin. Students
are assigned courtroom roles and responsibilities
from one of four teams: the defendant and attorney,
the plaintiff and attorney, the jury, and the judge.
The teacher can assign roles randomly, let students
choose their own roles, or assign students to roles
that best fit their personalities. At this point, students
should understand factors that affect the energy out-
put of a solar panel and be able to anticipate poten-
tial counterarguments from the other side. A careful-
ly scripted worksheet containing a role assignment
chart and directions for writing opening statements,
note-taking, and question-posing during the mock
trial process (see worksheets for different roles in On-
line Resources) guides students through the court
proceedings. Students are only required to take notes
on the worksheet as references for the opening state-
ment, cross-examination, and final argument.

Explain: Building reasonable arguments
Day 5, approximately 1 class period, 45 minutes

To further develop their argumentation skills, stu-
dents use a Reasoning Skill Coach worksheet (see
Online Resources) to practice the four elements of
reasoning (purpose, claim, evidence, and inferences).
To give specific examples of these four elements,
the teacher first shows a pair of men’s ice skates in
class, asks students to identify the properties they
observe from the ice skates (e.g., size 12, used condi-
tion, darker color), and tells students that evidence
consists of statements describing the relationship
between the observation and data. Then the teacher
asks students to infer the possible owner of these ice
skates (e.g., an adult male that may be over six feet
tall and knows skating) and tells them this is called
inference. The teacher continues to introduce the
worksheet, which uses an adapted script of a public
mock trial of a stolen car case (California Courts n.d.;
see adapted script entailed in the Reasoning Skill
Coach worksheet in Online Resouces). The Supreme
Court of California published this document to pro-
mote civic education and notes that the material is
“appropriate for middle and high school students”
(California Courts n.d., p. 1).

PANELS V. TREES

After the teacher reads the opening statements
and explains different reasoning skills applied in
the script, students continue to work with their team
members and discuss the testimony provided by the
witness, expert, and defendant. Students individu-
ally review the final arguments from both parties’
attorneys and categorize each sentence into one of
the four reasoning elements. The teams employ the
learned reasoning skills to write their opening state-
ments and formulate questions to help them engage
in evidence-based argumentation in the mock trial.

Elaborate: Seeing all the angles
Days 6-9, approximately 3 class periods, 135
minutes

The plaintiff and defendant teams employ rea-
soning skills to draft their opening statements in
shared documents, while the judge and jury teams
formulate questions to help them clarify question-
able statements and make a justified decision (see
sample worksheets for each role in Online Resourc-
es). Students continue to work in their teams for
about 30 minutes to review the data collected from
Days 34, carry out more targeted investigations in
Aladdin, or collect more evidence to support their
claims. Students typically spend more time draw-
ing inferences from the evidence. However, if ex-
isting evidence is not strong enough, the students
can quickly open the model in Aladdin and run
additional simulations and analyses to substanti-
ate the claims. During this 30-minute interval for
group work, the teacher circulates among teams to
address their questions and facilitate discourses in
preparation for the mock trial. The court is called to
order with the plaintiff and defendant teams read-
ing their opening statements, after which the judge
and jury ask their first round of clarifying ques-
tions. Next, the cross-examination begins, with both
the plaintiff and defendant teams bringing their
experts and witnesses to the stand to testify using
scientific evidence obtained from the Aladdin simu-
lations. Typically, the plaintiff teams would use the
simulated results to back up their claims by point-
ing out a violation of the 10% rule, if all five of the
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violating redwoods were to be kept. The defendant
teams often strive to keep as many trees as possible
by citing the annual output that abides by the 10%
rule. Once both sides have exhausted the evidence
for their case and stated their claim, each team pres-
ents their final arguments to the judge and jury for
the verdict. After careful deliberation, the jury de-
livers their decision to the judge, who announces
the final verdict. After the mock trial, the teacher
reveals the result of the real trial, where some trees

were deemed “guilty” of blocking the output of the
plaintiff’s solar panels and had to be pruned.

Evaluate
Day 10, approximately 1 class period, 45
minutes

Throughout the activity, students fill out a quick emo-
tion diary (see the link in Online Resources) each day,
which helps the teacher capture shifts in student at-

TABLE 3: Student science performance rubric for use with science discussions, science

notebooks, and science nonfiction writing.

Science core ideas Engagingin

argument from
evidence

q Explanations illustrate an
accurate and thorough
understanding of scientific
core ideas [concepts] being
investigated.

Student clearly

what was learned
and uses strong

reasoning.

makes a claim about

evidence to support

Planning and carrying
out investigations

Analyzing and
interpreting data

Student independently
conducts
investigations and
designs and carries
out his or her own
investigations.

Comprehensive data is
collected and thorough
observations are made.
Diagrams, charts, tables,
and graphs are clear, neat,
and used appropriately.

Student makes

a claim about
what was learned
and uses some

3 Explanations illustrate
accurate understanding
of most scientific core
ideas (concepts] being
investigated.

reasoning.

evidence to support

Student follows
procedures accurately
to conduct given
investigations, begins
to design his ar her
own investigations.

Necessary data is collected.
Observations are recorded.
Diagrams, charts, tables,
and graphs are clear and
used appropriately most of
the time.

Student makes a
claim about what
was learned but is

2 Explanations illustrate
a limited understanding
of scientific core ideas
(concepts] being
investigated.

missing evidence to
support reasoning.

Some data is collected.
Student may lean more
heavily on observations.
Diagrams, charts, tables,
and graphs may be used
inappropriately or have
some missing information.

Student does not
completely carry out an
investigation.

Student makes no
claim about what
was learned.

1 Explanations illustrate an
inaccurate understanding

of scientific core ideas
(concepts] being investigated.

Data and/or observations
are missing or inaccurate.

Student needs
significant support
to carry out an
investigation.

Note: Rubric is adapted from National Energy Education Development (NEED] Project’s Elementary Science of Energy Science Notebook and
Student Worksheet Rubric [https://bit.ly/3NggjT4]. The science core ideas and representative scientific and engineering practices are detailed in

the standard alignment table, which could be found in the supplement.
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titude. Students’ initial reactions to the curriculum
were mixed with positive and negative emotions;
however, their attitudes became more positive when
the project progresses to a more interactive stage and
peaked during cross-examination (76% positive emo-
tions reported in the diary with an average of 69.12%
during mock trial sessions). Participants seem to en-
joy the mock litigation process more than merely ac-
quiring solar science concepts using Aladdin. Student
notes and performance during the mock trial also pro-
vide opportunities for formative and summative as-
sessments. The teacher grades students individually
based on their overall participation during the mock
trials and from their worksheets (see Table 3).

The curriculum provides sufficient structure and
scaffolding for students to conduct their own inves-
tigations and search for potential solutions via Alad-
din. Students back up their arguments by evidence
from diverse perspectives such as aesthetics, civics,
ecology, economics, ethics, finance, and law.

Conclusion

Evidence-based reasoning is an essential skill for both
science and social studies—both require students to
think critically to discern truth from misinformation.
The use of engineering design tools to provide quan-
titative scientific evidence gives students the ability
to apply evidence-based reasoning to socioscientific
issues. Students” emotion diaries also indicated more
positive feelings during the mock trial than during di-
rect instruction of solar energy concepts and reasoning
skills, demonstrating the power of role-playing in an
authentic context to enliven the whole classroom. We
found students listened attentively to each speaker and
played their roles with confidence during the entire liti-
gation process; even the most reserved students were
able to get into character with enthusiasm. In other
words, engineering education and social studies both
become more engaging for students when they com-
bine to present a promising way to resolve socioscien-

PANELS V. TREES

tific issues. Aladdin and its accompanying curriculum
materials thus provide an effective activity for bridging
engineering education and social studies. ®
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ONLINE RESOURCES

Aladdin home page—https://intofuture.org/aladdin.html

Documents for the Solar Panels v. Trees mock trial—https://
intofuture.arg/aladdin-solar-panels-v-trees.html [scroll
down on opening page to locate links for the following:
Aladdin Model; Case Background; Defendant Evidence
and Argument Preparation Worksheet; Instruction for
Evidence Collection; Judge and Court Clerk Evidence
Review and Penalty Recommendation; Jury Verdict Form;
Plaintiff Evidence and Argument Preparation Worksheet;
Reasoning Skill Coach; Reasoning Skill Coach [Teacher
Version]; Solar Concepts Answer Sheet; Slides)

Emotion diary—https://bit.ly/3a0MGJf

Optimize It—https://bit.ly/3GEID2F

SUPPLEMENTAL MATERIALS

5-E learning objectives and daily activity outline—https://bit.
ly/3tdLTf7
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