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Measuring practical energy literacy: Exploring current scales’ applicability to
understand engineering students’ energy knowledge

Abstract

The purpose of this empirical research brief paper is to analyze current energy literacy
research for assessing literacy within domain-specific contexts. Most research knowledge
surrounding energy literacy is focused on understanding how well individuals understand energy
production, consumption, and conservation from a general energy perspective. However,
engineers’ energy literacy typically requires a more focused and practical competency, since
engineers are at the forefront of energy technology development, use, and improvement. Equipping
future engineers with practical energy knowledge prior to entering their careers can improve the
technology they produce. Exploring energy literacy at the undergraduate level will better prepare
students for energy-related careers, improve educational experiences, and help internalize practical
energy knowledge. To understand how prepared undergraduate engineering students are for future
careers in energy-related industries, measuring energy literacy in students can provide greater
insights for understanding and improving practical energy literacy development. This brief
explores current energy literacy scales’ transferability to measure energy literacy within specific
domains as well as key indicators of quality and reliability for future scale development and
assessment. From our review of current scales, we explore areas where change is necessary to
capture undergraduate engineering students’ domain-specific energy literacy.
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Introduction and Literature Review

The United States and countries worldwide have identified the need to reassess energy
generation and consumption due to the constantly increasing energy demand. As technology
advances in an attempt to meet new energy needs, research has also brought a need for knowledge
of energy sources, with concentrated efforts on sustainability and renewables, as well as
understanding energy consumption. Current energy production relies heavily on non-renewable
and climate impactful sources like oil, natural gas, and coal, with over 80% of the US’s energy
produced from fossil fuels [1]. Sustainable energy sources have steadily increased in usage, but
development and adoption of sustainable technologies is still far behind necessary levels to meet
emission reduction goals by 2050 [2],[3]. In addition to developing and using sustainable
technologies, reducing energy consumption has been discussed as an opportunity to decrease
reliance on non-renewable sources and emissions. Engineers are typically at the forefront of these
technological developments, indicating that the next generation of sustainable energy technology
will need sustainability and energy literate engineers. While sustainability literacy has expanded
within engineering domains [4]-[7], energy literacy is understudied in engineering. However, for
technological advancements to occur in energy-related fields, energy literacy is vital to their
success.

The US has identified a significant lack of overall energy knowledge in the general
population that may continue to hinder climate and sustainability goals in the future. The National
Environmental Education & Training Foundation (NEETF) [8] found that Americans self-report
high levels of energy knowledge but less than 12% can pass a basic energy knowledge quiz.



Researchers also found that this lack of knowledge is preventing discussions of energy and climate
issues and could be an indicator of delayed economic progress into the future. In the report, NEETF
identified the need for proper energy education in younger generations to help our future energy
issues, prompting growth in energy literacy research and educational improvements. The US
Department of Energy later established the energy literacy framework [9] to clearly define the
concepts and principles that constitute energy literacy to be used in a wide variety of educational
contexts including classrooms, learning programs, and other informal learning environments (e.g.
museums). The framework emphasizes the importance of understanding basic energy concepts as
well as understanding the influences of decision and policy-making on energy production and
consumption.

Prior work on energy literacy and education has focused on secondary educational contexts
[10]-[15], aligning with NEETF’s recommendations and understanding the strong influence of
traditional learning environments on energy education. These studies investigate energy literacy
from a general energy knowledge perspective, investigating students’ knowledge, attitudes, and
behaviors for all components of the energy literacy framework, including household behaviors as
a major component. DeWaters and Powers [12] found strong basic energy knowledge in middle
and high school students but indicated a need for more practical energy literacy relating to energy
production, saving, and household usage. Some post-secondary energy literacy research has also
focused on general energy knowledge and its impact on individuals’ attitudes and behaviors for
sustainability [16]-[19]. Within engineering, limited research has been performed on
undergraduate students’ energy literacy. Nelson et al. [20] investigated energy literacy within an
undergraduate engineering context, identifying similar knowledge gaps as DeWaters and Powers
as well as a strong interest among students in learning more about sustainable and renewable
energy technologies in their courses.

Literature strongly indicates that improving general energy literacy can assist with moving
closer to sustainability goals and help individuals make more informed decisions on energy.
Further, expanding energy literacy into domain-specific areas and emphasizing practical
knowledge in engineering education has the potential to positively impact the energy industry and
society well into the future. Prior work focused on energy literacy can still provide an important
foundation for understanding domain-specific energy literacy as well as indicators to promote
quality research methods for scale development and literacy assessment. To understand the current
landscape of energy literacy measurements and its application into domain-specific research, we
seek to reach the following research objectives:

1) How can current energy literacy studies investigate literacy with a domain-

specific perspective?

2) What indicators of the cognitive domain are useful for studying energy literacy

in domain-specific research?

Conceptual Framework

As a primary conceptual framework, we utilize Bloom’s revised taxonomy [21], [22] to
understand how current research establishes energy literacy measurement. Bloom’s taxonomy was
developed to establish learning objectives in educational contexts and has further been used to
evaluate classes, assessments, and instruments for effectiveness [23]-[25]. We intend to use this
framework to represent how current research has utilized goals related to learning to assess energy



literacy in students and individuals. Bloom’s revised taxonomy establishes cognitive, affective and
psychomotor learning domains, and establishes six levels of cognitive learning: remembering,
understanding, applying, analyzing, evaluating, and creating. The hierarchical structure showcases
how acquiring knowledge builds up over time, allowing students to progress through initial levels
of learning and reciting new information to employing their knowledge to decision making and
creating. DeWaters and Powers [26] defined energy literacy in the cognitive domain as showing a
basic understanding of energy and its everyday use as well as the impacts of energy production
and consumption on individuals and society. However, the instruments must be adapted to measure
technical or domain-specific energy literacy.

Methods

To investigate the current landscape of energy literacy research, we performed a systematic
review of the literature for energy topics and literacy. Initial searches identified prior research
utilizing scale items to collect and analyze individuals’ understanding of energy literacy concepts
with some environmental implications related to them. For the purposes of this brief, we focus on
the cognitive domain to understand measures of energy knowledge. This search allowed for the
collection of questionnaires, surveys, and concept inventories with a variety of question types.
From this initial collection, each study was assessed for its application to our objectives, excluding
studies that did not contain cognitive components in their energy literacy assessments. Relevant
research was further reduced through assessing the survey items and development. Specifically,
we eliminated studies that directly used or minimally adapted prior scales and instead collected
the original surveys and questionnaires. After secondary analysis of the literature, we grouped the
studies into similar categories related to their knowledge focus (e.g. domain-specific energy
knowledge, general energy knowledge) and collected additional important scale attributes.
Through this categorization, we identified common characteristics and how they may apply in a
domain-specific context. Assessment was also performed using Bloom’s revised taxonomy of the
cognitive domain to determine the levels to which the research assessed energy literacy knowledge.

Limitations

We identify some limitations to the literature search performed in this research brief. To
begin, we recognize that this brief does not represent a comprehensive list of all energy literacy
scales developed due to the breadth of energy-related that has been conducted. Additionally, the
research collected in this brief also contains multiple participant contexts that each may impact
findings. Geographic location, in addition to participant demographics, may play an additional role
in findings. Some studies included in this brief were conducted in countries outside of the US,
which have their own unique and complex political, structural, and societal characteristics to
energy education and policies that may impact findings. However, because climate change and
sustainability are worldwide issues, it is important to include more perspectives to allow for our
research to be applicable in these locations.

Energy Literacy Measures in Literature

In this section, we present our findings from the review of energy literacy literature.
Through our search, we identified five scales to measure energy literacy with cognitive
components to discuss. Table 1 presents the collected articles with their relevant attributes. We



discuss each article based on their energy knowledge focus to identify common components of
scales within these categories. Importantly, we discuss the scales within their general versus
domain-specific energy knowledge focuses, this distinction relates to the depth of energy
knowledge that the measurements seek to identify.

Table 1. Collected prior research for energy literacy measurement

Energy Intended Quantity of cognitive Taxonomy knowledge
Author (year) knowledge focus participants items level assessed
Middle school: 30 out Rememberin
DeWaters et al. (2013) General Middle and high of 57 items nderstandine. a gl’ i
[27] ener school students High school: 38 out u nding, appying,
of 65 items analyzing, evaluating
National Energy High school Remembering, -
Foundation (2017) [28], General seniors and 28 out of 51 items understandlngf applying,
[29] recent graduates analyzing
Undergraduate . Remembering,
Cotton et al. (2018) [30] General students 9 out of 32 items understanding, applying
Domain-specific . Understanding, applying,
Turner et al. (2014) [31] (electric power) US adults 89 out of 89 items analyzing, evaluating
. Domain-specific Undergraduate . Applying, analyzing,
Prince et al. (2013) [32] (engineering) students 9 out of 36 items evaluating

General energy knowledge measurements. Measures of general energy knowledge make up a large
majority of energy literacy literature. Numerous additional articles outside of those collected and
presented in this brief analyzed the energy literacy of students, individuals, and households from
a general energy knowledge perspective.

In many instances, these studies (e.g. [11], [19], [20], [33]-[36]) utilized and adapted the
energy literacy questionnaire developed by DeWaters et al. [27], which has a relatively high
quantity of cognitive items. Similarly, the National Energy Foundation (NEF) [28], [29] energy
literacy survey has a high quantity of cognitive questions. The Cotton et al. [30] survey has fewer
cognitive components but does contain similar questions to the other two surveys. All three surveys
focus heavily on basic energy concepts and energy sources. Also, these surveys contain questions
relating to energy consumption’s impacts on climate change and human health, adhering to the
definition and framework of energy literacy. Differences in findings from each surveys’
distribution related heavily to the contexts of where the surveys were distributed. Each survey
found that their participants had a high knowledge of basic energy concepts, but these studies’
findings diverged as the depth of participants’ energy knowledge was tested. Assessing questions
from the lens of Bloom’s revised taxonomy indicated all three surveys tested knowledge on the
lower levels of the cognitive domain: remembering, understanding, and applying (e.g. asking
participants to define what renewable energy source is or choose an example scenario that would
reduce energy consumption). A few questions from DeWaters et al. and NEF extended into the
analyzing and evaluating levels. Both studies found participants performed poorly on more
specified questions, especially related to energy production and usage.

Domain-specific energy knowledge measurements. Energy literacy research focused on measuring
domain-specific energy knowledge was, as anticipated, more difficult to collect. Surveys identified
that did fit the domain-specific criteria contained some similarities, even though they did not focus
on the same domains. Turner et al. [31] and Prince et al. [32] both focused in the cognitive domain,



containing cognitive questions that included affective and behavioral components (e.g. questions
relating to knowledge and attitudes relating to aging power grid infrastructure), but no questions
explicitly developed for domains outside of cognitive.

In general, these studies asked questions that relied heavily within the applying, analyzing,
and evaluating levels of knowledge from Bloom’s revised taxonomy, building upon the lower
levels of knowledge like remembering and understanding, but not asking questions that focused
within those lower levels. Differences between these collected domain-specific studies are based
heavily on the intentions of the surveys. Turner et al. [31]’s survey is intended for a wider
population of US adults and to establish a concept inventory for energy and power grid knowledge.
Basic energy knowledge questions are included in Turner et al.’s survey, but a majority of the
questions require higher-level energy knowledge applied specifically to power grid use and
infrastructure. While Prince et al. [32]’s goal is to also establish a concept inventory for heat and
energy, their audience is focused on engineering students and improving heat and energy
education. All items in Prince et al.’s survey are cognitive, but only nine relate to energy concepts.
The rest of the questions focus further on heat concepts that do not have a direct relationship to
energy literacy. However, Prince et al.’s work still provides information to guide future energy
literacy research, especially identifying common misconceptions engineering students have about
energy and its relationship to heat.

Discussion and Implications

Energy literacy research has maintained a focus on general knowledge perspectives, which
are an important foundation for developing energy literate individuals. The research identified in
this brief indicates that general energy knowledge measurement is valuable, especially in
secondary and post-secondary education. Continuing to educate individuals on energy topics
remains imperative to promote future sustainability goals and empowering climate conscious
decision making. For application to domain-specific energy knowledge, many components of these
general knowledge-focused surveys are useful. The most prevalent utility of these previous studies
is the identified lack of knowledge of current energy sources and renewable energy. Identifying
and improving potential misconceptions or knowledge gaps relating to energy production can
provide a strong foundation for improving current technology for sustainability and developing
new technology. Further, developing a stronger and more practical energy knowledge foundation
within specific domains can better prepare students for future careers. Some researchers posit that
the engineering educational system is still behind in preparing engineering students for careers in
energy, especially in renewables [37], [38]. Educational systems adapting to new technologies and
energy advancements can benefit all parties; graduating engineers can become more informed
about the technology, engineering programs can remain at the forefront of energy technologies,
and future employers can benefit from better prepared engineers. Thus, utilizing the methods and
knowledge emphasis identified from previous scales to measure energy literacy in students can
help develop measurements for future research on domain-specific energy literacy.

Energy literacy studies focused on domain-specific knowledge provide different
perspectives on measuring energy knowledge while also showcasing how to combine knowledge
with attitudes and behaviors. Particularly, incorporating attitudes and behaviors can assist with
expanding how we test more practical energy knowledge into higher cognitive levels like
analyzing, evaluating, and potentially even creating. These studies have helped identify that



domain-specific research relies more on assessing knowledge at higher cognitive levels of Bloom’s
revised taxonomy for practical usage. If future employers expect engineers to be able to evaluate
and create energy technologies, it is important for energy literacy measurements to assess whether
students have developed the ability to do so during their energy education. All studies collected in
this brief indicated strong scale development methods that may be useful to future energy literacy
scales. Namely, most studies utilized large quantities of cognitive items, emphasizing the
importance of energy knowledge, whether general or domain specific. Also, each scale’s
development methods were deeply rooted in both literature and field experts’ input relating to the
goals of the study, which would serve as strong references for future scale development. Key
components of these scales’ reliability promote rigorous validation methods such as industry
professionals and expert validation panels, multiple rounds of pilot testing, and exploratory and
confirmatory factory analyses scale items prior to deployment and assessment.

It is also important to recognize components of prior energy literacy work may not be
necessary for domain-specific energy literacy. For example, many current studies in this brief have
viewed practical energy knowledge to be day-to-day use and conservation of energy (e.g.
understanding that plugged in appliances may still be consuming energy when not in use). While
this component is important to general energy literacy, practical energy literacy in a domain-
specific context like engineering will need to focus more on applications of energy knowledge
within their fields to prepare for careers and develop technologies. Martins et al. [19] performed
analyses of multiple general educational fields (e.g. environmental sciences, life sciences,
engineering sciences) to compare their energy literacy. While findings did not have strong
statistical significance, their preliminary data indicates that different fields may have different
energy literacy. Understanding that various fields may emphasize energy concepts differently, the
creation of more specialized measures of energy literacy can provide opportunities to make more
intentional pedagogical changes to address specific gaps and improve student preparedness.

Conclusion

In this research brief, we have identified five energy literacy scales measuring energy
knowledge in both general and domain-specific contexts. By focusing within the cognitive domain,
we were able to identify important components of measuring energy knowledge within both
contexts. Through this exploration of the literature, we also found scale development methods to
assist with research as well as areas in general energy knowledge that would be useful to measure
in a domain-specific context. Additionally, we further identified the need for domain-specific
energy literacy research for use within engineering contexts to aid with technological
developments. Future work will begin with development of a domain-specific energy literacy scale
and further research into the impacts of improving energy literacy in engineers for sustainability
and energy technologies. Further, future scales will be rigorously piloted, validated, and measured
for reliability before being broadly utilized.
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