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Abstract. Social justice considerations are critical in today’s engineering education. As an
example, access to electricity will be crucial to the development of sub-Saharan Africa (SSA)
by powering essential sectors and services that would yield economic growth and an
improved quality of life. Because infrastructure investments are often allocated to urban
areas, it is important for stakeholders to equally prioritize rural electrification in their efforts
to achieve universal electrification. These stakeholders make decisions on allocating infra-
structure investment based on their underlying values and preferences. It is therefore impor-
tant to introduce and integrate ideas of fairness and social justice into the engineering
curriculum. Our paper investigates the influence of social justice education on decision pre-
ferences among students tasked with planning electricity systems. We engaged graduate
and undergraduate students in a discrete choice experiment to determine their preferences
for equality. In our study, we find that an interactive social justice education module can be
effective in increasing equality preferences among non-U.S.-citizen students by 22%. Among
students with relatively low preferences for equality, we find that the education module was
effective in increasing preference by 18% on average and up to 191%, which translated into
more equitable resource allocation. As such, we show that an education intervention for sta-
keholders may be effective in improving equitable electrification in SSA. The preference elici-
tation and education module presented in this paper could be repurposed by instructors to
include other contexts in their course content (e.g., money, water, housing, etc.) or to people
wanting to educate decision makers about social justice.
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1. Introduction and Background

Around the world, societal inequalities in income,
energy prices, housing, and energy-efficient technology
availability cause local inequalities in access to adequate
levels of energy services (Walker and Day 2012). For
example, in sub-Saharan Africa, despite a considerable
increase in the number of households with electricity
access, inequalities persist in the reliability and quality
of electricity supplied (Falchetta et al. 2020). These pre-
existing concerns have worsened in recent years. The
COVID-19 pandemic has reshaped global patterns of
energy consumption, policy making, and governance,
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exacerbating energy vulnerabilities and injustices (Mas-
tropietro et al. 2020, Sovacool et al. 2020).

Energy injustices are generally analyzed from the
viewpoint of three key tenets: distributional, proce-
dural, and recognition-based justice. Distributional
justice recognizes the unequal allocation of benefits,
ills, and responsibilities; recognition-based justice
seeks fair representation and equal political rights for
all individuals; and procedural justice concerns access
to equitable decision-making processes that engage all
stakeholders (Walker and Day 2012, Jenkins et al.
2016, Tarekegne 2020, Hernandez et al. 2022). In both
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training and practice, all three tenets are, in some
sense, interdependent and should be applied in com-
bination (Cochran-Smith et al. 2012).

These inequalities are often inbuilt in the energy sys-
tem (Sovacool et al. 2019). Such engineered systems are
linked with the social systems around them: Electrifica-
tion can either be associated with improvements in
education, healthcare, and gender equality, among
other social benefits (Mulugetta et al. 2019), or be asso-
ciated with exacerbating them (Rosenberg et al. 2020). In
this manner, those who plan energy systems directly
control access to electricity and indirectly influence the
distribution of favorable (or unfavorable) socioeconomic
outcomes. Because of the urgency of these inequities,
advancing knowledge and dissemination around how
to better plan just energy systems must occur more
foundationally within engineering curricula (Scott 2022,
Westin and Joosse 2022).

Unfortunately, many disciplines within engineering
education lack a well-rounded means of integrating
social justice considerations (e.g., climate change, pov-
erty, and globalization) into technical analysis (Bourn
and Neal 2008, Kelly 2010, Hadgraft and Kolmos 2020,
Trbusi¢ 2020, Hayes et al. 2021). Rather, the current engi-
neering education system seemingly promotes public
disengagement, through the intentional avoidance of
social and political issues and a meritocratic professional
culture (Cech 2014, Barton and Tan 2020). To promote
equitable decision making and the building of infra-
structure that reduces inequalities, future engineers will
need an improved understanding of social equity and
increased practical and interpersonal skills (e.g., global
awareness and social responsibility) for navigating social
complexity and uncertainty with a critical perspective
(Bourn and Neal 2008, Spelt et al. 2017, Phillips et al.
2019, Hirudayaraj et al. 2021, Shokouhyar et al. 2021).

Further, engineering education is far from teaching
justice; in many cases, it encourages inequality through
“the behavior of teachers and the nature of the class-
room environments teachers” (Reygan 2019, Barton and
Tan 2020, Conrad et al. 2022, Sibbett 2022). This includes
prejudice inherent to instructor methods or curricula
that may unintentionally spotlight the historical needs
and innovations of able-bodied, wealthy, heterosexual
white males (Bartolomé 1994, Kreso 2002, Gibbs and
Hilburn 2021, Prempeh 2022). The degree to which a stu-
dent’s attitude is “democratic,” characterized by trust,
social integration, confidence, and political interest, is
influenced by frequency of exposure to controversial
issues, range of viewpoints encouraged, and the extent
to which students openly express their opinions, among
other similar factors (Ehman 1980).

As such, there is a need to change the engineering cur-
riculum to incorporate social justice. Changing the status
quo of engineering education is not unprecedented:
Engineering education has continuously evolved since

the inception of the profession (Tryggvason and Apelian
2011). In fact, many institutions of higher education are
already integrating conversations on social justice into
their engineering curricula (Campbell et al. 2012, Baden-
horst et al. 2020, Tharakan 2020, Armanios et al. 2021,
Oulton et al. 2021).

Researchers have studied how education interven-
tions may make a qualitative impact on students” aware-
ness. In a review of studies of development education
interventions, researchers found that, although many
studies found interventions have had statistically signifi-
cant impact on experiment participants (i.e., participants
developed increased awareness of global and cultural
issues, etc.), others had little to no impact (O’Flaherty
and Liddy 2017). One study attempted to teach students
about bias and injustices through instituting a two-day
discrimination experiment in an elementary classroom.
On the first day, the teacher educated the students about
prejudice and discrimination and told the classroom
they would experience these phenomena before the kids
were split into groups. On the second day students were
place into groups that were superior and inferior and
allowed to participate in the discriminatory roles
(Wright n.d.). This study found that the experimental
class was less likely to exhibit discriminatory behavior
toward a minority group than the control group. One
challenge of this study is that the students knew that
this was a simulation of discrimination so there is uncer-
tainty about how the preinformation about being on the
receiving end of bias impacted their interpretation of the
experiment. Previously published literature on educa-
tion for sustainable development analyzes the impact on
student experience through qualitative reflective activi-
ties: pre- and postsurveys, questionnaires, focus groups,
and observations of classroom interactions (O’Flaherty
and Liddy 2017). In line with this literature, our work
makes use of a pre- and postsurvey with a social justice
education module to determine the impact of social jus-
tice education on the students’ preferences for equality.

Relatively few authors study the impact of social jus-
tice education on students attitudes and behaviors within
engineering classes and, in large part, fail to identify spe-
cific indicators of just behavior in their respective fields,
including social work, social studies and science educa-
tion (Denny and Heyman 2011, Dahl 2016, Nowell and
Poindexter 2019, Liu et al. 2020). A review of education
interventions for reduction prejudice found that the
causal effects of many widespread prejudice-reduction
interventions (e.g., media campaigns and workplace
diversity training) were inconclusive (Paluck and Green
2009). Although the authors did not identify causal
effects for these activities, they did conclude intergroup
contact and cooperation interventions were more promis-
ing than activities where participants were solely passive
observers (Paluck and Green 2009). Thus, questions arise
regarding the most effective methods for teaching justice-
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related concepts to students and prospective energy plan-
ners in ways that are directly implementable in their engi-
neering work. Existing literature on engineering education
encourages project- or problem-based learning, interdisci-
plinary team teaching, and active learning through student
engagement (Seatter and Ceulemans 2017, Lozano et al.
2019, Chen et al. 2021). Specifically, the literature shows
how pedagogical approaches where students” ideas on a
given topic (social justice, in this case) are elicited and
actively developed or challenged in a psychologically safe
environment have been useful (Seatter and Ceulemans
2017). For example, one study implemented social justice
factors into homework assignments (Nock et al. 2025). The
authors used a within-subject design, in which students
were exposed to homework questions with and without
social justice framing. In the earlier homework assignments,
the authors found that the experimental group showed a
significant decrease in learning when technical concepts
were framed to include social justice, likely due to an
increased cognitive load requirement. However, over the
course of the semester as the students became more familiar
with social justice concepts and participated in active learn-
ing activities, their learning of technical concepts became
comparable to that of students who did not have the social
justice components in their assignment. In our study, the
social justice education module we deployed used active
learning activities and homework assignments which
framed engineering problems as social justice challenges to
teach students about equality.

To elicit students” preferences for equality, we used a
discrete choice experiment, which is extensively used in
decision-making literature to infer preferences in hypo-
thetical situations. One study used a discrete choice
experiment to assess how individuals compare electric-
ity supply type, cost, and emissions reduction in urban
parts of China (Sergi et al. 2019). Another study showed
how people’s preferences change when emissions data
are explicitly shown to them (Sergi et al. 2018). As such,
a discrete choice experiment proved to be suitable for
eliciting students’ preferences for equality when mak-
ing decisions about electricity system planning.

Furthermore, our paper builds on the authors’ previ-
ous work which incorporated elicited preferences for
equality into an electricity planning model (Van-Hein
Sackey et al. 2023). The novelty of this paper lies in the
fact that it measures the impact of social justice educa-
tion (i.e., an intervention) on these elicited preferences
for equality. Importantly, this paper provides more
perspective and evidence to the need for social justice
education in engineering curriculum.

We contribute to the engineering education and
social justice literature by focusing on students in engi-
neering courses where social justice is integrated in
two distinct ways: through a more common pedagogi-
cal approach, such as lectures, and an active-learning
approach, which consisted of activities, problem sets,

and projects. Specifically, we ask how social justice edu-
cation influences decision making and preferences for
equality among students when making infrastructure
investment decisions in the energy sector? To answer
this question, we provide an analysis of changes in stu-
dents’ preferences for equality, specifically in the con-
text of planning energy systems, through education
modules that emphasize equality, social justice, and the
experiences of traditionally marginalized groups.

2. Methods

To determine the influence of social justice education
on students’ preferences for equality and how that
directly affects a key engineering decision (i.e., grid
system design and planning), we carried out a discrete
choice experiment. A discrete choice experiment is an
experiment designed to infer the preferences of deci-
sion makers from their selections made in a series of
choice sets (i.e., collections of options decision makers
select from). In this experiment, we (1) developed a pre-
education and posteducation survey to elicit students’
preferences at the beginning and end of a given course,
and (2) integrated social justice modules into two tech-
nical, graduate-level engineering courses. Figure 1 out-
lines the methods used to integrate elicited students’
preference for equality into an electricity system plan-
ning model.

In this experiment, two different groups of students
enrolled in two semester-long separate engineering
courses. Social justice education was weaved into the
curriculum for one course, while the other course taught
a social justice education module over the course of a
single lecture in the middle of the semester. We pro-
vided the students in each course with a survey to elicit
their preferences for equality prior to social justice edu-
cation at the beginning of the semester. The students
then took the course, and completed another survey at
the end of the semester to elicit their preferences and
determine how they may have changed compared with
the beginning of the semester.

2.1. Social Justice Education Modules

In the first course, the instructor integrated social jus-
tice considerations into the curriculum through exam-
ples and revisions to homework and exam problems.
Structured classroom activities addressed social justice
topics such as: (i) voter suppression; (ii) segregation of
communities by the federal highway system; and (iii)
algorithm bias due to a lack of diversity in engineering.
Select activity topics included public transit funding,
the implications of immigration policy for the construc-
tion industry, the connections between investment in
water infrastructure and the Flint public health crisis,
and the instructor’s own journey as a minority female
engineer. The instructor reframed question descriptions
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Figure 1. Summary of Methods Used to Determine the Impact of Social Justice Education on Students” Preferences for Equality

[ Goal: Determine impact of social justice education on stakeholders’ preferences for equality ]

Design preference elicitation survey using
benefit-maximization electricity planning
model (Van-Hein Sackey et al. 2023)

!

Conduct pre-education survey to determine
students’ baseline preference for equality

l

Deploy social justice education module
using active learning activities and
assignments

|

Conduct post-education survey to determine

Use bootstrapping to measure uncertainty of

impact of education module on preferences
for equality

in assigned problem sets into a social context, with the
expectation that students independently research justice
concepts, including (i) diversity in science, technology,
engineering, and mathematics (STEM); (ii) mass incar-
ceration; (iii) impacts of climate change on low-income
communities; (iv) immigration; and (v) persons with
disabilities. For example, one class activity adapted a
game from Nock (2020) to include a power outage. Stu-
dents were then asked to discuss the social implications
of power outages in context of the electricity market and
to evaluate how vulnerable communities would be
impacted. Nearly all assignments (except the first) were
completed individually. Some of the reframed home-
work assignments were published in Nock et al. (2025).
In the second course, the instructor discussed social
justice through a lecture on utility and social welfare
functions. Through the example transaction of pur-
chasing an electric bicycle, the professor demonstrated
calculations for determining individual and aggregated
preferences based on the decision-makers’ utility func-
tion. The alternative that maximizes utility is selected.
With this technical premise, various social welfare
functions were applied in aggregating individual pre-
ferences, and the related calculations were displayed
and discussed. Specifically, utilitarian (treating every-
one equally) and minimum (prioritizing those who are
worst-off) social functions were addressed. These tech-
nical subjects were supplemented with a discussion on
equity, democracy, and optimization. In this context, it
was mentioned that equity can be achieved by model-
ing based on the needs of the marginalized; democracy
requires involving stakeholders in the process; and
a system should be optimized by integrating equity
considerations and examining the unconstrained
model. The specific impacts of this heuristic on low-
income, African American, and indigenous communi-
ties were discussed and considered in the context of

parameter recovery method

Evaluate heterogeneity of preferences and how
they changed as a result of the education
modules

Key
[ Preference Estimation
[ Social Justice Education

environmental justice. Finally, the analytic-deliberative
process was proposed as a means to achieve these
dimensions. The instructor emphasized that an equita-
ble process is stakeholder driven, with equal access
and equal voices.

2.2. Demographics of Survey Participants

In the surveys, the students were asked how they
would hypothetically plan an electricity system for a
developing country. The participants of our experiment
are 53 students, mostly engineering graduate students
(94% graduate students, 6% undergraduate students).
Some of the engineering graduate students may have
had some level of professional engineering experience
but most where unfamiliar with electricity system plan-
ning and the application of social justice in engineering.
The collective composition of these students can be
found in Table 1.

We will refer to the two courses as Course 1 and
Course 2. In Course 1, social justice was integrated into
four homework assignments and three active learning
activities. Throughout the semester, multiple topics
introduced in the course had a social justice component
that was addressed by the instructor and students in
the course. For example, when learning about the elec-
tricity market in the United States, we facilitated an
activity where students had to work in groups to
decide which services or locations to prioritize for
restoring electricity access in the event of a black-out.
The entire class then discussed the implications of pri-
oritizing different locations and services (e.g., hospi-
tals versus police stations) for various communities
(i.e., low versus high-income neighborhoods, loca-
tions with homeless shelters). In addition, in Course 1,
the students were given homework assignments in
which technical problems had social justice framing
(Nock et al. 2025). We performed text analysis on the
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Table 1. Demographic Breakdown of Survey Respondents

Demographic category Fall 2021
Male 31 (58%)
Female 21 (40%)
Nonbinary 1 (2%)
U.S. citizen 21 (40%)
Non-U.S. citizen 32 (60%)
White 11 (21%)
Non-White 42 (79%)
Total 53

in-class reflections for Course 1 following the active
learning social justice activities to determine if students
tended to express the concepts of justice and equality
in their work over the course of the semester. On the
other hand, in Course 2, a single (1 hour, 20 minutes)
lecture was used to teach students social justice using

the concepts of utility maximization and social welfare
functions. (Section 2.1 discusses the social justice edu-
cation modules in more detail.) Thus, these two courses
will be able to highlight the value of more detailed
(Course 1) and simplified (Course 2) social justice edu-
cation within an engineering curriculum.

2.3. Survey Design

Our survey was based on Liberia, but this location infor-
mation was not revealed to students to limit pre-existing
knowledge bias. The survey consisted of 36 questions, in
which students had to choose between a given Map A or
Map B representing two different electricity system plans
for the country (Figure 2). The maps are generated using
the maximize electricity access (MEA) planning tool that
generated electrification options based on a decision
maker’s preference for equality (Nock et al. 2020).

Figure 2. In Each Survey Question, We Showed the (a) Population Density Map and Two Maps ((b) and (c), Which will Be

Referred to as Map A and Map B in Text) to the Decision Maker
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Notes. The respondent had to choose between two maps, which were generated from the MEA model using two distinct values of . The table in
the bottom-left corner of each map shows the population that would have access to Tier 1 or Tier 3 level of electricity consumption, which were
included to help the respondents see the societal impact of power system investments (Nock et al. 2025).
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In the introduction to the survey, we explained the
difference between an electricity system plan that pro-
vides more individuals with baseline access to electric-
ity consumption (i.e., Tier 1) and one that increases
electricity consumption via usage of higher-end appli-
ances (i.e., Tier 3) in nodes with higher population den-
sities. Figure 2(a) shows the population density at each
node in the country. Figure 2, (b) and (c), shows an
example of a choice set presented to each student (Van-
Hein Sackey et al. 2023). Consistent with the literature
on preference elicitation, the introductory section of the
survey explained key concepts about the electricity
planning maps and contained knowledge check ques-
tions to ensure that students understood the choices
(Fischhoff 2005). Furthermore, we included “rational
check” questions in the survey, in which one map cor-
responded to a remarkably higher inequality aversion,
a, value (ie., it clearly dominated the other map) to
ensure consistency in responses (Grayek et al. 2022).

2.4. Limitations

Our study aims to investigate the influence of social jus-
tice education on preferences for equality among deci-
sion makers when planning electricity systems. In the
introduction to our survey, we asked the students to
assume they were decision makers planning to build
electricity supply infrastructure in a developing coun-
try. However, we did not collect data about our respon-
dents’” specific country of origin for students who did
not identify as U.S. citizens. The importance of this limi-
tation lies in the fact that, although we can make a com-
parison between decision makers in the United States
and those outside the United States in our study, we

will not be able to make specific inferences about how
our education module may affect decision makers in
specific countries. As such, future iterations of this
study should consider collecting such data to determine
the validity of the impact of social justice education on
preferences of decision-makers in different countries.

Additionally, as seen in Table 2, only one student
who participated in the study identified as nonbinary.
Although we recovered that student’s preference for
equality, future work will need to include more partici-
pants who identify as nonbinary, or outside of the
binary gender distinctions, to understand how social
justice education influences their preferences for qual-
ity. There were 46 students who were enrolled (and
completed both surveys) in Course 1, which had an
interactive social justice education module; on the other
hand, only 7 students enrolled Course 2 (and completed
both surveys) that used a traditional lecture-based edu-
cation module and discussed the theory of social justice
as it related to engineering. Thus, although we will
show the preferences for equality recovered from stu-
dents in Course 2 in Section 3, we are not able to make
meaningful statistical inferences from the results due to
the limited sample size. As such, future work should
compare different course design and carefully consider
how to ensure that respondents complete the survey
entirely and correctly.

As a result, there are some limitations in our study
due to the nature of the demographic breakdown and
around testing our hypothesis on a student population.
Globally, studies have shown that decisions in the
energy sector are highly influenced by professionals
with engineering graduate or undergraduate degrees

Table 2. Description of Variables Used in Methods (Van-Hein Sackey et al. 2023)

Symbol Description Units

a Indicator for map A —

a Equality preference parameter —

b Indicator for map B —

B Budget $/year

c Choice outcome —

C Set of choice outcomes —
crht Annualized cost for low-voltage transmission line $/km-year
ctH Annualized cost for high-voltage transmission line $/km-year
CF Annualized fixed cost for generation technology k $/MW-year
Y Variable cost for generation technology k $/ MW
dij Length of transmission line from node i to node j km

E Set of possible transmission edges —

Sik Generation by technology k in node i MWh
Gix Capacity of generation technology k installed at node i MW

pi Population at node i ppl

P Vector of total population in all nodes i in I —

pi Per-capita electricity consumption in node i MWh/ppl*
U Utility function —

X Electricity consumption at node i MWh

X Vector of electricity consumption in all nodes 7 in I —

“In the experiment, participants were shown per-capita electricity consumption in units of kWh/ppl in each

node.
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(Stanek and Tompkins 1987, Geng et al. 2015, Rokicki
et al. 2020). We fully acknowledge that such a sample
of engineering graduate students poses significant lim-
itations on our work given that they are not representa-
tive of African decision makers. Our contribution to the
literature is in measuring the impact of social justice
education on preferences of students by eliciting those
preferences and integrating them into an electricity sys-
tem planning model. Furthermore, given the influence
of foreign stakeholders in SSA’s energy sector (e.g., the
World Bank, USAID, etc.), our sample of engineering
graduate students may provide some insight into the
perspectives of stakeholders from developed countries
when making decisions about SSA’s energy sector.
Although because of financial and time constraints, we
were not able to replicate this experiment for engineer-
ing graduate students in SSA, future work should pri-
oritize sampling from decision makers in SSA. Thus, in
this paper we use the term “decision makers” to refer
to the sample of students who participated in this
experiment and the stakeholders whose perspectives
they may represent.

2.5. MEA Model

To create the survey for the discrete choice experiment,
we used the MEA model (Nock et al. 2020). The MEA
model is an electrification model that develops a coun-
try’s electrification plan by maximizing the utility of a
given stakeholder, subject to budget and other con-
straints (i.e., the benefit a person derives from electric-
ity consumption). Equation (1) shows the objective
function of the MEA model, and Equation (2) con-
strains the objective function to a given budget. The
full range of constraints, such as power flow and net-
work constraints, and corresponding documentation
can be found in Nock et al. (2020). Table 2 summarizes
details the list of variables used in the model.

l—a _
Ux,p) = Z u(x;, pi) = Zpi% 1)

i€l i€l
Maximize
T,L L T,H H F %4
Z (C d,‘,]‘Ui,]- +C di,jvi,]') + Z (Ck Gi,k + Ck gi,k) <B
(i, j)€E iel, keK

@

In Equation (1), x; is the electricity consumption at
node i in the given country, p; is the population at node
i and p; is the per-capita electricity consumption at
node i. U represents the sum of the utility that a stake-
holder derives from electricity consumption at each
node i. We use an equality parameter, , that ranges
from zero to a limit of one to model stakeholders” pre-
ferences for equality. In economics literature, the «a
term is referred to as the inequality aversion parameter
with regard to income (Atkinson 1970).

Thus, in the utility function expressed in Equation (1),
« represents a stakeholder’s aversion to inequality (i.e.,
their preference for equality). An « value closer to zero
indicates a linear aversion to inequality, that is, a deci-
sion maker perceives equal value from increased elec-
tricity consumption, regardless of whether a node had a
lower or higher initial level of consumption. On the
other hand, an « closer to one indicates that the decision
maker perceives more value from increased electricity
consumption in nodes with lower initial consumption
values and less value from increased electricity con-
sumption in nodes with higher initial consumption
(Nock et al. 2020).

We used the carbon emissions factors found in Table
3 to determine how total carbon emissions changed
with evolving preferences for equality among decision
makers and the corresponding electricity system plans.
It is important to note that the students (i.e., decision
makers) were not shown carbon emissions information
in the survey. See Appendix A for results showing how
preferences affected carbon emissions and electricity
consumption in our experiment.

2.6. Parameter Recovery Method

Using the responses provided by the students in the
experiment (i.e., the series of choices between Map A
and Map B), we estimated each student’s preference
for equality using a parameter recovery process. In our
parameter recovery process, we used the binary logit
model to determine the equality preference parameter
value (i.e., @) that maximizes the Bernoulli likelihood.
The goal of the model is to estimate the choice probabil-
ity (i.e., probability of a decision-maker choosing a
given Map A over Map B) that was most likely used to
generate the set of choice outcomes. Equation (3) shows

Table 3. Carbon Emission Factors for Generation Sources Used in the Maximize Electricity Access Model

Carbon emissions
factor (gCO,eq/kWh)

Generation source

Source

Hydro 7

PV-diesel minigrid 413
Solar home system 41
Oil 768

Klein and Whalley (2015)

Sovacool (2008), Klein and Whalley (2015)
Schloemer et al. (2014)

Klein and Whalley (2015)
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the objective function of the binary logit model.

36
max : log (H P(a > b)Y +(1 — P(a > b))1y°> 3)

c=1

In Equation (3), P(a > b) represents the choice probabil-
ity of choosing Map A over Map B, which is a function
of a. The term y. is the choice outcome of a given deci-
sion maker. Using this parameter recovery process, we
estimated each decision maker’s preference for equality
(i.e., a).

2.7. Text Aggregation of Survey Responses
Students were additionally asked to answer the ques-
tion, “What is the most important factor in your
decisions about which power system to build?” The
responses to this question were simplified to the most
representative word(s) using a text processor with the
basic word cloud package in Python. The goal was to
obtain a list of words that represent the priorities of
the students before and after education, weighted by
frequency. The initial plan was to determine one word
to summarize each student’s priorities, but many stu-
dents submitted responses that alluded to many con-
siderations. For example, one student wrote, “that
most of the population get access to electricity and in
second place clean energy.” In such cases, two or three
words were used to summarize the students’ views,
such as “access,” “population,” and “clean” from the
aforementioned example.

The initial level of processing involved simplifying
each statement to a set of the most important words by
removing punctuation; making all characters lower-
case; correcting spelling errors; and removing words
such as articles, prepositions, being verbs, and con-
junctions. Additionally, words that are common in
context were removed, such as “electricity,” “energy,”
or “power.” Among the remaining words, those in a
list of important words, such as “equality,” “access,”
“equity,” “renewable,” and “population,” were first
prioritized in the text aggregation algorithm. If these
were absent, the longest words were prioritized. The
majority of responses were thus analyzed. The remain-
ing responses were analyzed based on a heuristic con-
necting common phrases with related priorities; for
example, responses about “maximizing” the “number
of people” with electricity were categorized with
“access.” To minimize bias, this word sorting was con-
ducted by a researcher who did not design the survey.
If a response did not fulfill any of these criteria, as was
the case for two to three responses in each data set,
the most important word(s) were manually deduced.
All responses were manually checked against their
selected words to ensure reasonability. The aggre-
gated list of words from all essays was sorted by fre-
quency for analysis.

2.8. Statistical Analysis of Parameter Estimation
Process
Having determined each student’s preference for equal-
ity and how that preference changed after the education
module, we determined the statistical significance of
the parameter estimation method and the uncertainty
associated with it. To determine statistical significance,
we run a hypothesis test. Because we were interested in
whether a student experienced an increase in a, we
chose to run a binomial sign test using the stats package
in R. Our null hypothesis was that the probability of a
student having an increase in « is 0.5, which suggests
that the increase would be random (e.g., a coin flip).
Additionally, we tested for statistical significance
of our results using binomial hypothesis testing and
accounted for uncertainty of our parameter recovery
process using a bootstrapping process. Bootstrapping
is a process of deriving the variance of a parameter esti-
mated by developing a simulation data set, which is
created by sampling values of the input parameters
with replacement (Goh et al. 2017, Xinjian 2024). In our
experiment, we reconstructed each respondent’s choice
data set by sampling with replacement 36 times (i.e.,
the number of choices each respondent made) and then
repeated the process 1,000 times to quantify the uncer-
tainty of the parameter recovery process more robustly.
We used the matplotlib package in Python to perform
the bootstrapping analysis.

3. Results

In this section, we present the results of determining
the influence of social justice education on students’
preferences for equality. First, we analyze students’
preferences for equality and key factors they used to
make decisions by course type. Second, we show how
those changes in preferences impacted the overall elec-
tricity system plan and corresponding carbon emis-
sions intensity. Third, we examine how the change in
those preferences differed across demographic groups.
Finally, we show the results of our statistical and
uncertainty analysis.

3.1. Change in Preferences for Equality
by Courses

Our sample of 53 engineering students were taught dif-
ferent social justice education modules in one of two
courses. Figure 3 shows the distribution of a values
across students in the two courses in the pre-education
survey and the posteducation survey. In the figure, for
Course 1 (i.e., the interactive course), we see that both
the mean and median « value increase from 0.79 to 0.80
and 0.89 to 0.99, respectively. However, in Course 2,
we observe a decrease in both the mean and median
values of a (from 0.92 to 0.91 and from 0.99 to 0.72,
respectively). We surmise that this may be due to the
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Figure 3. Distribution of a Values and Corresponding Mean and Median Values in the Pre-Education Surveys for (a) Course 1
(i.e., Interactive Course) and (b) Course 2 (i.e., Traditional Module) and That of the Posteducation Surveys for (c) Course 1 and
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traditional nature of the education module or due to a
ceiling effect, whereby the students in Course 2 already
scored quite high on a, leaving little room for increase
from this initial baseline. We chose to show the
median « value because of the nonnormal distribution
of a. As such, the mean a value may not be as indica-
tive of the skew of the distribution as the median value
would. Although our results indicate the relative
effectiveness of a more interactive education module,
the low number of students surveyed in Course 2 pre-
vents us from conclusively determining the effect of
this second of the two modules. Nonetheless, it is
worth noting that after the education module, prefer-
ences for equality significantly increased in Course 1.
Interestingly, we observe that the minimum «a value
increased from 0.34 in the pre-education phase to 0.46
in the posteducation phase. This could indicate that
training engineering students to consider social needs
leads to some incorporation of equity considerations
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into the decision-making process. Given the limited
sample size in Course 2, the subsequent results will
focus on Course 1.

We performed the text aggregation on the responses
to the question, “What was the most important factor
in your decisions about which power system to build?”
(See Section 2.7 for text aggregation method.) Figure 4
shows the text aggregation for the pre-education and
posteducation surveys. The prevalent use of the term
“access” in the pre-education survey indicates that
maximizing the number of people with access was a
priority for students to begin with, which may be why
we observed a relatively high preference for equality in
the pre-education survey. However, we observed that
in the posteducation survey, the concepts of “equality”
and “equity” become more dominant. As such, the
aggregation suggests that students were more aware of
the importance of building and equitable electricity
system after the social justice education module. The
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Figure 4. Text Analysis of Student Responses to the Question “What Was the Most Important Factor in Your Decisions About

Which Power System to Build?”
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Notes. Students prioritized “access” in both the (a) pre-education survey and the (b) posteducation survey. However, equality becomes a fre-

quent deciding factor after the social justice education module.

impact of these different levels of preferences for equal-
ity on the electricity system is shown in Figure 5; details
of which will be discussed in Section 3.3.

To determine if there was a statistically significant
increase in preference for equality among the decision
makers (i.e., all survey respondents in Course 1 and
Course 2), we conducted a binomial hypothesis test.
The null hypothesis was that there was a 50% probabil-
ity that a student had an increase in the value of a
recovered between the two surveys. The alternative
hypothesis was that the probability of a student having
an increase in «a is greater than 50%. Table 4 shows the
results of the hypothesis test. Given a 95% confidence
interval, the p-value of 0.0201 shows that there was a
statistically significant increase in individual prefer-
ences for equality following the education modules.

3.2. Demographic Breakdown of Preferences
Having observed how students’ increasing preferences
for equality is associated with electricity system plan-
ning, we inspected the demographic breakdown of
our results to determine how identity may have influ-
enced students’ preferences for equality. In Figure 6, we
observe that median preferences for equality increased
across all demographics. In Figure 6(a), we observe that
generally, U.S. citizens have a higher preference for
equality (median a = 0.85) compared with their nonciti-
zen counterparts (median o = 0.77) to begin with.
Additionally, we observe that the group median prefer-
ence for equality among noncitizen students increased by

22% from 0.81 to 0.99 between the pre- and posteducation
surveys, whereas their U.S.citizen counterparts experi-
enced an increase in group median preference for equality
of 6% from 0.93 to 0.99 between the pre- and postedu-
cation surveys. As such, the results show that the social
justice education module taught in Course 1 may be effec-
tive for helping non-U.S.-based decision makers under-
stand the importance of equitable access to electricity.

Additionally, Figure 6(b) shows that as a group female
students had higher preferences for equality (median « =
0.98) than their male counterparts (median a = 0.86) prior
to the education module. Our decision to examine prefer-
ences for equality across gender identities stems from
existing literature that shows that women have more
altruistic tendencies (i.e., seeking the common good of
all) than their male counterparts when making decisions
in community settings (Andreoni and Vesterlund 2001,
Branas-Garza et al. 2018, Cannonier and Mocan 2018,
Alos-Ferrer et al. 2022).

Additionally, we observe that the group median pref-
erence for equality among female students increased by
1% from 0.98 to 0.99 between the pre- and posteducation
surveys, whereas their male counterparts experienced
an increase in group median preference for equality of
15% from 0.86 to 0.99 between the pre- and posteduca-
tion surveys. As such, the results show that the social
justice education module taught in Course 1 may be
effective for increasing preferences for equality among
male students who may initially have lower preferences
for equality.
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Figure 5. Electricity System Plans Corresponding to Respondents with a Values of (a) 0.34, (b) 0.60, (c) 0.81, (d) 0.91, and (e) 0.99
for the Pre-Education Phase of the Experiment and Those with a Values of (f) 0.46, (g) 0.70, (h) 0.89, and (i) 0.99 for the Posteduca-

tion Phase of the Experiment
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of PV-diesel minigrids.

3.3. Influence of Increased Equality Preference
on Electricity System Plan

Here, we show how increased preferences for equality
influenced the overall electricity system plan, focusing
on power plant and transmission line investment.
Figure 5 shows the electricity system plans correspond-
ing to a values of 0.34 (minimum), 0.60 (25th percentile),
0.81 (mean), 0.91 (median), and 0.99 (maximum) for the
pre-education survey and values of 0.46 (minimum),
0.70 (25th percentile), 0.89 (mean), and 0.99 (median
and maximum) for the posteducation survey. We
observe in Figure 5 that as preferences for equality
increased, there is an increase in the deployment of
PV-diesel (photovoltaic-diesel) minigrids and extension
of transmission lines from urban to rural parts of the
country. Because of the increased use of diesel in the

Table 4. Summary of Results of Binomial Hypothesis Test
at a 95% Confidence Interval

Parameter Value
Number of successes 35
Total number of observations 54

95% confidence interval [52.7%, 100%]
p-value 0.0201
Sample probability of success 64.8%

minigrids, our findings suggest that the “most equal”
electricity system plan may not necessarily be the “least
carbon intensive” plan due to large desires for baseload
and distributed technologies and the associated benefits
higher level of access bring. It is also important to note
that due to the piecewise nature of the MEA model,
between «a values of 0.6 and 0.7, the mix of electricity
generation sources are the same. Figure A.2 in Appen-
dix A shows how electricity consumption also changes
as o values increase.

3.4. Results of Bootstrapping

We used bootstrapping to show the variance of our
parameter recovery method as a characterization of
the uncertainty of our estimated «a values. Figure 7(a)
shows the participants in ascending order of mean
recovered a from the pre-education survey, ranging
from a=0.26 for participant F21N24 to a =0.99 for
participant F21N49. The mean recovered a from the
posteducation survey is indicated by darker blue. The
impact of social justice education is most clearly
observed among participants with a lower preference
for equality (smaller a values). We observed an
18%—284% increase in equality preference for 12 parti-
cipants, all with an initial &« < 0.7. This finding suggests
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Figure 6. Demographic Breakdown of Preferences for Equality Among (a) Non-U.S. Citizens and U.S. Citizens and (b) Female

and Male Students for the Pre-Education and Posteducation Surveys
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with strong equality preferences (with a close to zero
or one) displays lower variance, and the strongest
equality preferences lies in the extreme. Furthermore,
the maps displayed to the participants for middle of the
road equality preferences (@« =0.6 and a =0.7) were
visually similar, which is a limitation of the MEA model
due to its piecewise nature. This visual similarity leads
to participants displaying an uncertainty in preferences
for these maps, thus leading to higher variances. The
figure also shows that about 8 of 53 observations had
decreasing preferences for equality posteducation.

4. Conclusion

In this paper, we determined that an interactive social
justice education module significantly increases prefer-
ences for equality among students tasked with expand-
ing an electricity grid. Thus, our work contributes to
the literature by demonstrating the impact of an educa-
tion intervention within an engineering curriculum.
The paper’s results call for a paradigm shift in engineer-
ing education, which traditionally focuses on traditional
methods devoid of societal impacts, and electrification
research, which tends to focus primarily on least-cost
approaches without considering the impact of stake-
holder preferences on technology deployment.

We found that as a group, female students had
higher preference for equality than their male counter-
parts, consistent with previous research. We also found
that, although non-U.S. citizen students had lower pre-
ferences for equality to begin with, the social justice
education module in Course 1 was effective in increas-
ing their preferences for equality. Given the lack of
country-specific data collected in our study, future
work ought to record the country of origin of each
decision-maker to enable us to understand how a social
justice education module may be received and may
influence preferences among decision-makers in the
energy sector globally.

Additionally, we adopted a method for assessing the
influence of social justice education on elicited prefer-
ences for equality. Although the case study focused on
electricity expansion, the preference elicitation and edu-
cation module presented in this paper could be repur-
posed by instructors to include other contexts in their
course content (e.g., money, water, housing, etc.) or to
people wanting to educate decision makers about social
justice.

Importantly, we showed how increasing preferences
for equality would increase the carbon emissions inten-
sity of the electricity system provided that solar-diesel
mini-grids are used in the electrification of the country.
This highlights the need to provide low-carbon cost-
effective options for rural electrification that can support
both equality and sustainability goals. Our key finding
about the tradeoff between maximizing baseline access

to electricity and minimizing the carbon emissions from
the electricity system lends further credibility to the
need for just transitions to be prioritized in developing
countries because we showed that “most equal” electric-
ity system is not necessarily the least carbon intensive
depending on available technologies. Tradeoffs of these
nature highlight the need for social justice concepts to be
incorporated into the core of engineering education. A
sound understanding of the complexities between engi-
neering and society enables our students create a more
sustainable and equitable future for us all.
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Appendix A. Implications of Preferences on
Carbon Emissions and Total
Electricity Consumption

One of the considerations decision makers will have to
make is considering social justice alongside other factors,
such as carbon intensity of their electricity systems. As such,
we examine the trend in carbon emissions and demand
for electricity per the increasing preferences for equality
observed in the experiment. Figure A.1 shows how the car-
bon emissions intensity of the electricity system changes per
the increasing preferences for equality that we recovered
from the decision makers. This trend is driven primarily by
the increased deployment of PV-diesel minigrids at high
preferences for equality. Specifically, the results in Figure
A.1 show a more than three times increase in carbon inten-
sity from 11 ktCO,eq to 37 ktCO,eq as preferences for equal-
ity increase from 0.46 to 0.99 in the posteducation phase of
the experiment, and we observe an eight times increase in
carbon intensity from 4 ktCO,eq to 37 ktCO,eq between the
lowest preference for equality (a = 0.34) and the highest (a
= 0.99) in the pre-education phase. More importantly, the
generally positive trend between preferences for equality
and carbon emissions intensity further shows that there are
significant tradeoffs that decision makers would have to

Figure A.1. Carbon Emissions Intensity Increases with
Increasing Preferences for Equality
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Figure A.2. Total Electricity Consumption Decreases with
Increasing Preferences for Equality
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make between providing baseline access across a country
and minimizing carbon emissions from the electricity sys-
tem. We note that this may not be the case in a system with
a large focus on deploying mini-hydro facilities. Nonethe-
less, our finding is of particular importance to the concept of
just transitions (i.e., a gradual decarbonization of the elec-
tricity system that prioritizes the needs of end users and eco-
nomic development). It shows that a rapid decarbonization
of the electricity system in some developing countries may
not necessarily be equitable.

Regarding the change in total demand for electricity over
increasing preferences for equality, Figure A.2 shows that as
our decision makers’ preferences for equality increased, total
electricity consumption decreased. Specifically, in the pre-
education survey, total consumption of electricity decreased
by about 52% from about 510 GWh to 240 GWh, whereas it
decreased by 41% in the posteducation survey from 410 GWh
to 240 GWh as preferences for equality increased from 0.46 to
0.99. The decrease in consumption is primarily driven by our
definition of a high preference for equality being a prioritiza-
tion of consumption in nodes where electricity is nonexistent;
hence, baseline access is provided across multiple nodes as
preferences for equality increase (and thus decreasing overall
consumption). The relevance of this finding lies in the fact
that as decision makers prioritize increasing access to electric-
ity in developing countries, rural electrification will result in
an increase in low-end (also referred to as lifeline) customers.
Furthermore, minigrid planners and utility companies will
need to plan their energy systems and assets in expectation of
providing access to these new low-consuming customers.
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