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ABSTRACT 

Environmental issues such as global warming, air and water pollution, and excessive 

consumption of fossil fuels are the challenging problems that endanger the future of our 

planet and, consequently, humankind. These problems should be addressed clearly, and 

appropriate education should be provided for people since “quality education” is one of 

the 17 primary sustainable development goals (UN, 2020b) . Built environment 

education or “green building literacy” is another topic that needs to be addressed. 

Although new technologies make the built environment greener and more sustainable, to 

achieve the sustainability goals, green building users should learn about the green 

features of the building appropriately. The purpose of this investigation was to identify 

the potential for an outdoor classroom (Learnscape) with installed PV solar system 

together with a six-week energy literacy curricular unit to enhance energy literacy 

outcomes for elementary students. The fourth-grade students from two elementary 

public schools, one with the Learnscape (n=42) and the other without Learnscape (n=63) 

participated in this study. We collected data using questionnaires, system model 

drawings, interviews, and observation. Questionnaires and system model drawings data 

were quantitatively analyzed using the non-parametric methods. Also, we used 

interviews and observation data to describe and clarify the analyzed quantitative data. 

Based on the analysis, we found that the energy literacy curricular unit improved 

students' energy literacy in all three dimensions of knowledge, attitudes, and behaviors. 

The energy literacy questionnaires revealed that Learnscape students were not 

distinguished in energy literacy knowledge at the beginning of the unit but had 

significantly higher scores at the end of the unit. Student drawings also showed that the 
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performance of the students in both schools increased from beginning to end of the unit, 

and Learnscape students had significantly higher scores for explaining the science 

behind their drawings in the post drawings. Implication suggests that the presence of 

green infrastructure on the school campus has the potential to enhance youth 

environmental literacy. Also, curricula that focus attention on the sustainable built 

environment are necessary to engage students in the green features on campus.   
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Chapter One: Introduction 

From the first of this century, we are facing a variety of global environmental issues 

such as climate change, air and water pollution, extinction of different plants and animal 

species, and the vast amount of garbage and dumps. These problems make a worrying 

and complicated future for us and the next generations. Therefore, to create a sustainable 

future for humans living on this planet, we need to address these environmental issues. 

Also, we need to educate people to be informed and prepared about these problems 

(Williams, 2010). In this way, sustainability and environmental education is a necessary 

tool for students to think and understand ecological issues critically (Orr, 1996).  

The way students learn about sustainability affects their environmental actions (Moore, 

2005). Morelli (2011, p. 6) defined environmental sustainability as  

meeting the resource and services needs of current and future generations without 

compromising the health of the ecosystems that provide them. More specifically, as a 

condition of balance, resilience, and interconnectedness that allows human society to 

satisfy its needs while neither exceeding the capacity of its supporting ecosystems to 

continue to regenerate the services necessary to meet those needs nor by our actions 

diminishing biological diversity 

Since the motivation to be environmentally friendly is formed in childhood, the 

environmental education of children is indispensable (Otto & Pensini, 2017). 

Two of the most critical components of environmental education are environmental 

knowledge and connectedness to nature. Environmental knowledge is key to 

environmental sustainability (Mahidin & Maulan, 2012). Also, when children engage 
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with the natural environment, their grasp and comprehension of environmental 

sustainability develop (Lloyd & Gray, 2014). Based on the environmental competence 

model (Roczen, Kaiser, Bogner, & Wilson, 2014), the combination of environmental 

knowledge and connectedness to nature effect positively on environmental behavior. 

Connectedness to nature and environmental knowledge can be addressed concurrently in 

an outdoor environmental settings (Otto & Pensini, 2017). 

Learning settings based on the natural environment are attractive for the students, and 

outdoor environmental settings impacted their attitudes, desires, and behaviors towards 

the environment (Ballantyne & Packer, 2002). When students experience outdoor 

activities, a robust empathic relationship is formed between them and nature (Otto & 

Pensini, 2017). Outdoor education is an aspect of environmental education for 

sustainability, and at the primary school level, this is primarily connected with immersion 

in nature. Wattchow and Brown (2011) explain their beliefs about outdoor learning as 

follow: 

 Whilst there are already initiatives in place in this area, it is my firm belief that there 

needs to be a concentrated effort so that all children can benefit and strive to reach their 

individual highest potential of understanding of the environment” (p. 91).  

In recent decades, programs of environmental education around the world have been 

encouraged due to the emergence of ecological consciousness (Izadpanahi & Elkadi, 

2014). These programs are categorized into three classes. First, education about the 

environment (facts, concepts, and principals) that supports environmental understanding 

and knowledge. Second, training for the environment, which is directed to environmental 

stewardship and action. And third, education in the environment that encourages 
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interactions and experiences in the environment (Izadpanahi & Elkadi, 2014). As 

education in the environment, outdoor learning is an important teaching method to 

increase environmental awareness. It focuses on outside experiences to achieve a better 

understanding of ecological relationships and sustainable development (Apostolopoulou, 

Grigoroglou, Karamperis, Skanavis, & Kounani, 2016). Outdoor learning classifies into 

three approaches of 1) fieldwork and outdoor visits, 2) outdoor adventure education, and 

3) school-based and school-ground outdoor learning (Dyment, 2005).  

One type of school-ground outdoor learning spaces are Learnscapes. Learnscapes are 

designed and constructed in the direction of increasing the interaction between 

individuals and an environment (Tyas-Tunggal, 1997). Learnscapes are places that a 

curricular unit is defined to allow individuals to have this interaction (K. R. Skamp, 

2000), and local environmental settings are considered in the curricular unit (Boylan & 

Wallace, 2015). Learnscapes are designed and built inside and around the school with 

the goal of education (S. Smith, 2000); relating the outdoor learning outcomes to formal 

school curricular unit subjects (K. R. Skamp, 2000). Since Learnscape features such as 

gardens, water reservoirs, renewable energy systems (photovoltaic panels, wind 

turbines), etc. are addressed in the curricular unit, this space has a great potential to 

develop students’ science literacy specifically about energy.  

Although energy literacy is an integral part of environmental education and 

sustainability, the recent literature review done by Ayotte-Beaudet et al. (2017) showed 

that teachers didn’t give much consideration to energy literacy in outdoor learning 

appropriately. Furthermore, in 1999, Tyas Tunggal tried to distinguish Learnscape’s 

space and equipment from Learnscape (Tyas Tungaal, 1999). This distinction expressed 
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that Learnscape’s space is not a Learnscape itself. What makes this space with its 

equipment a Learnscape are the collaborative processes and plans for maintaining and 

utilizing the Learnscape for learning purposes (K. Skamp & Bergmann, 2001; K. R. 

Skamp, 2000).  

In this study, we found out how an outdoor classroom (Learnscape) with installed PV 

solar system, together with a six-week energy literacy curricular unit, could affect 

energy literacy outcomes of elementary students. Our literature review showed a lack of 

pieces of evidence about using Learnscape to develop students’ energy literacy. 

Furthermore, we couldn’t find appropriate pieces of evidence of how a proper curricular 

unit related to the Learnscape features affects the students' energy literacy outcomes. As 

discussed above, we needed to use Learnscape space and its green equipment with an 

appropriate curricular unit for the purpose of education to make that space a Learnscape. 

Therefore, it was required to find out how a Learnscape equipped with renewable energy 

devices such as solar panels and solar power systems, and its related curricular unit 

affect the energy literacy outcomes of elementary school students. Energy literacy 

outcomes for fourth-grade students were analyzed using a framework defined by 

DeWaters and Powers (J. DeWaters & Powers, 2013). In this regard, an appropriate 

curricular unit related to the Learnscape features was taught at two elementary schools in 

the same district with similar socio-economic demographics; one with a Learnscape 

(Learnscape school) and the other one without a Learnscape (Non-Learnscape school). 

Data were collected before, during, and after the program. We found that attending to 

the program increased the students' energy literacy outcomes, and students who 



5 
 

experienced the Learnscape had higher energy literacy knowledge scores compared to 

the ones who didn’t experience it.  
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Chapter Two: Literature Review 

From the first of this century, outdoor learning spaces were developed in the direction of 

sustainability movement education all around the world, including Canada, New 

Zealand, South Africa, the United Kingdom, and the United States of America (Boylan 

& Wallace, 2015). As a kind of outdoor learning space, Learnscape is a place designed 

to enhance the users' interaction with the environment (Tyas-Tunggal, 1997), and a 

learning program is designed to make the users ready for this interaction (K. R. Skamp, 

2000). Therefore, to have a comprehensive investigation about Learnscape and its ability 

to improve elementary students’ energy literacy, in the following we reviewed the 

Learnscape and outdoor education first. Then, we studied the pedagogical approaches to 

make a theoretical framework finding out how Learnscape can affect the students’ 

energy and green building literacy outcomes.       

Learnscape Physical Environments 

Outdoor classrooms 

Outdoor Learning classification, Opportunities, and Barriers  

Outdoor education is “ education in, about, and for the out-of-doors” (Ford, 1986, p. 1). 

This definition shows different aspects of outdoor education; its place, its topic, and its 

purpose. More recently, Grothérus & Fägerstam (2017) described outdoor education as 

“organized learning” taking place in the outdoors, while drawing up “on the philosophy 

and theory and practices of environmental as well as experimental education”(Grothérus 

& Fägerstam, 2017, p. 1).  

Outdoor learning has broad benefits for students. Engaging in outdoor learning helped 

students to think more creatively and enabled them to improve their test scores 
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(Lieberman & Hoody, 1998). Outdoor education enhanced attitude or interest in the 

science and environment (Ayotte-Beaudet et al., 2017) and helped to motivate students 

who did not learn best in the classroom (Dyment, 2005). Outdoor learning promoted 

experience-based learning opportunities (Waite, 2011) and helped students for long-term 

knowledge retention and enhanced their motivation and enjoyment (Fägerstam, 2012). 

Place-based outdoor learning increased connectedness to the natural environment and 

improved primary school students’ environmental knowledge (Lloyd & Gray, 2010). 

Outdoor environment enhanced learning (Mygind, 2009) and was useful for all subjects 

(Fägerstam, 2012). It could support “contextualization in science lessons at K–12 levels, 

without compromising student achievement” (Ayotte-Beaudet et al., 2017, p. 5344).  

Despite the benefits of outdoor learning, some barriers have limited the performance of 

outdoor education. Liability and fear about students’ health and safety was the first 

concern (Dyment, 2005; Rickinson, 2004). The expertise and confidence of teachers in 

outdoor education was another major challenge that has been reported by some 

researchers (Ayotte-Beaudet et al., 2017; Dyment, 2005; Rickinson, 2004). Limited time 

to teach, lack of funding, transportation, more work and activity for teachers, and lack of 

curricular unit-linked to the outdoor classroom were other concerns of teachers for 

outdoor learning (Ayotte-Beaudet et al., 2017; Dyment, 2005; Rickinson, 2004). 

School-based outdoor learning has some advantages compared to other kinds of outdoor 

education. While some researchers identified students’ safety as a significant concern to 

outdoor learning (Rickinson, 2004), others declared that security was not a substantial 

barrier to the school-ground outdoor learning profiled in their study (Dyment, 2005). 

Furthermore, outdoor education was easier on school grounds because it happened 
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inside the school, and there was no need for bus reservations, student fees collection, 

and additional help for security (Dyment, 2005). Therefore, school-based outdoor 

learning was more comfortable to access compared to other outdoor learning 

approaches.  

Outdoor Environmental Education 

Outdoor environmental education is a way of increasing ecological knowledge. It also 

promotes a closer connection between the individuals and nature, and this connectedness 

to nature improves their responsibility to their environment. Outdoor environmental 

education had this potential to develop ecological knowledge acquisition and foster 

connectedness to nature by providing nature contact and experiences (Otto & Pensini, 

2017). Outdoor learning improved students’ attention to environmental problems and 

issues and strengthened their relationship with nature (Palmberg & Kuru, 2000).  

Outdoor Science Education 

Two kinds of science learning that complement each other are formal and informal 

education. Formal education is a systematic, organized, structured, and administered 

education that needs a rigid curricular unit about the objectives, content, and 

methodology (Soh & Meerah, 2013). Informal education is lifelong learning which 

continues in every part of an individual’s life that happens outside of the formal learning 

(Soh & Meerah, 2013). It occurs through everyday experience with the influence of the 

environment (Apostolopoulou et al., 2016), without teacher intervention (Dyment, 2005) 

and encourages learners in various ways that are not available in traditional 

environments (Soh & Meerah, 2013).  
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In terms of the formal curricular unit, school grounds projects could teach most 

curricular unit areas (Ayotte-Beaudet et al., 2017). Numerous subjects such as reading, 

writing, art, mathematics, health, environmental education, social studies, drama, and 

science could be taught in the school-based outdoor classrooms (Dyment, 2005). Also, 

in terms of informal learning, science learning based on experience, inquiry, and hands-

on activities could enhance science literacy and help children to learn from their 

environment (Soh & Meerah, 2013).  

Learning science in the outdoor classroom led students to learn “science at the lower 

levels of Bloom’s taxonomy” and also to think “at a higher level of synthesis and 

evaluation” (Waliczek, Logan, & Zajicek, 2003, p. 684). Through utilizing nature-study 

(the link between outdoor experiences and science curricular unit), outdoor learning 

provided a real-world context for science learning (Eick, 2012).  

Teaching Green Building (TGB) 

Teaching green buildings (TGB) refer to premises that were designed and constructed to 

increase users’ knowledge, attitude, and behavior about the environment (Cole & 

Hamilton, 2019) by supporting both formal and informal types of environmental 

education (Cole, 2015). Green features of TGBs were designed to increase the users’ 

enthusiasm knowing about these features and enhance their engagement in the 

performance of these features (Cole, 2014). To enhance the users’ engagement, TGBs 

were typically designed in a way that the green features are visible to the occupants, and 

users also can gain from hands-on opportunities such as gardens, energy consumption 

monitors, and recycling programs (Cole & Hamilton, 2019).       
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Teaching green school buildings were part of the TGBs where has been aspired to teach 

students about environmental sustainability (Cole, 2015). Green building literacy (GBL) 

was the appointed phrase for the anticipated outcomes of TGBs (Cole, 2013, 2015). 

Studies done by Cole (2015), and Cole and Hamilton (2019) showed that students in 

green building schools have significantly higher scores on green building knowledge 

compared to students in non-green schools.   

As part of teaching green school buildings, teaching green landscapes and playgrounds 

were places to develop students’ social and cognitive skills (Malone & Tranter, 2003). 

They are potential sites for environmental learning (Tranter & Malone, 2004) and enable 

students to feel well, both physically and emotionally (Akten & Çelık, 2013). Also, 

spending time on the school ground develops the students’ sense of belongings to the 

environment (Akten & Çelık, 2013).   

From the viewpoint of formal learning, students could explore the school grounds out of 

their class times for experiencing living and non-living things, biodiversity, life-cycling, 

etc. (Malone & Tranter, 2003). Also, numerous subjects such as writing, mathematics, 

art, and science could be taught in the green school grounds (Dyment, 2005). 

Furthermore, during playing in the school ground, students engaged in learning 

informally (Dyment & Bell, 2008) that was strongly influenced by nature (Tranter & 

Malone, 2004). Also, students learned social and behavioral skills when they spent their 

unstructured time on the green school ground, informally, and without teacher 

intervention,  (Adams, 1993).       
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Pedagogical Approaches 

Experiential Education 

To define experiential education, “Learning by doing and experience” is a phrase which 

was used by Phyllis Ford (Ford, 1986, p. 8). Experiential education is a learning process 

in which students’ experiences and the curricular unit integrate (Carver, 1996). Through 

this process, students earn knowledge and skill directly from experience (Itin, 1999). 

Therefore, experiential learning takes place when any change in feeling, knowledge, 

judgment, or abilities of a student occurs after experiencing an event (Itin, 1999). 

Students’ personal experiences obtained from the interactive processes of experiential 

learning helped students to understand the contexts of learning tasks. Also, it helped 

them to find out the relation of those tasks and their implications. It caused these 

experiences to merge with the students’ lives and consequently to change their attitudes; 

and further to reflect on their behaviors (Huang, Chen, & Chou, 2016).  Acar claimed 

that learning by experience was the best and permanent type of education (Acar, 2014).  

Experiential Learning Theory (ELT) described the process of experiential learning. This 

theory defined learning as “the process whereby knowledge is created through the 

transformation of experience” (A. Y. Kolb & Kolb, 2009, p. 44). As demonstrated in 

Fig. 1, ELT was a cyclic theory based on “the resolution of the dual dialectic of 

action/reflection and experience/abstraction” (A. Y. Kolb & Kolb, 2009, p. 42). The four 

learning modes (experiencing, reflecting, thinking, and acting) were involved in this 

theory to create knowledge (A. Y. Kolb & Kolb, 2009). “Immediate or concrete 

experiences were the basis for observations and reflections. These reflections were 

assimilated and distilled into abstract concepts from which new implications for action 
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could be drawn. These implications could be actively tested and serve as guides in 

creating new experiences”(A. Y. Kolb & Kolb, 2009, p. 44). 

Experiential learning has been utilized increasingly as a part of the pedagogy of outdoor 

learning since the 1970s (Ord & Leather, 2011). “experiential learning is at the heart of 

outdoor education.” (Ord & Leather, 2011, p. 13) and preparing meaningful and 

purposeful experiences was the primary goal of outdoor education (Woodhouse & 

Knapp, 2000). In other words, the first and essential part of any outdoor education is 

direct experiences, and these experiences remain in the students’ beliefs and thoughts 

(Ord & Leather, 2011). Experiential learning mostly has been used to explain the 

positive effects of outdoor areas on environmental education (Acar, 2014; 

Apostolopoulou et al., 2016; Ford, 1986). 

 

Figure 1 Experiential learning cycle (A. Y. Kolb & Kolb, 2009) 

Place-based Education 

Place-based education is the process of learning that used the local community and 

environment to teach students about different curricula such as mathematics, arts, social 
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studies, and science (Sobel, 2004). This kind of education uses the local content of the 

place (and its attraction) as an integrating element (Van Eijck & Roth, 2010) to teach 

students about the subjects (Resor, 2010). This content is unique to the dynamics of the 

place, such as ecology, geography, politics, and sociology (Woodhouse & Knapp, 2000). 

Place-based education aimed to prepare a love and attraction in the students to the 

environment, the place they live and its history, biodiversity, and the way people 

communicate and respect each other (Penetito, 2009). The place-based education 

enhanced students’ academic outcomes, developed their engagement, and increased their 

understanding of the natural environment around them, as well as it’s protection (Resor, 

2010; G. A. Smith, 2002; Sobel, 2004). Place-based outdoor learning increased the 

students’ connectivity to nature and enhanced their knowledge and understanding of the 

natural environment (Lloyd & Gray, 2010). Place-based engagement improved 

knowledge, responsibility, hope, awareness, and environmental behaviors of high-school 

students (Khadka, Li, Stanis, & Morgan, 2020).       

Sustainability Education Outcomes  

Energy Literacy 

To solve the world energy crisis, everyone needs to understand how energy is generated 

and how it is consumed (Brewer, Lee, & Johnson, 2011). Energy education is part of the 

science curriculum, which its goal is to increase the science literacy of students (NRC, 

1996). The aim of energy education is to foster energy-literate citizens (S.-J. Chen, 

Chou, Yen, & Chao, 2015) who can support the design and implementation of smart and 

forward-looking policies (Yeh, Huang, & Yu, 2017). As part of energy education, 

energy literacy is a phrase for individuals’ knowledge and understanding of energy that 
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affects their actions and behavior (J. DeWaters & Powers, 2013). Having energy literacy 

helps individuals make appropriate energy choices and accept the changed that to lower 

their energy consumption (J. E. DeWaters & Powers, 2011a).  

Energy literacy is essential for a sustainable society (Akitsu, Ishihara, Okumura, & 

Yamasue, 2017) and its objectives can be classified into three dimensions of cognitive, 

affective, and behavioral. The cognitive aspect is about students’ knowledge and their 

cognitive skills, and The affective dimension addresses the values, attitudes, and 

personal responsibility of the students(J. DeWaters & Powers, 2013; J. E. DeWaters & 

Powers, 2011a). To develop a well-informed public with positive attitudes toward the 

conservation of energy as well as improving their ability to make appropriate decisions 

regarding future energy choices, we need to find out the status of students’ energy 

literacy (Akitsu et al., 2017). The study done by Akitsu et al. (2017) on secondary 

students declared that awareness of consequences bonds energy-relevant knowledge and 

energy-saving behavior. DeWaters and Powers (2011b) demonstrated that a project-

based learning improved students’ energy knowledge, and students’ engagement to the 

project developed students’ understanding about energy issues.     

Although there is a gap in the literature about energy literacy development for 

elementary students, the study done by Dewaters and Powers (2008) showed that middle 

and high school students were not very familiar with energy issues. Also, they did not 

have enough knowledge and awareness about these problems. Although students sensed 

the energy problem and showed their desire to do something, they couldn’t; because of 

the lack of knowledge and capabilities. Similarly, the studies done by Chen et al. (2015) 

and Chen et al. (2015) showed low level of knowledge about energy issues between high 
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school and secondary school students, respectively. In another investigation on 

secondary school students, Akitsu et al. (2017) showed that even though students feel 

responsibility to conserve energy, they ignored to do it in their daily life if they were not 

aware to what extent their behaviors were necessary to solve environmental issues. 

Another study revealed that a few children conserve electrical energy voluntarily and 

consistently (Aguirre-Bielschowsky, 2014); however, most of the children attended in 

the study, tried to save energy, had financial reasons.       

As DeWaters and Powers (2008) clearly expressed, energy literacy must be improved in 

U.S. public schools. Also, further research should be done to implement “effective 

energy education programs” due to enhance students’ energy-related knowledge, 

attitude, and behavior (J. DeWaters & Powers, 2008, pp. T2F-11). To achieve this goal, 

Chen et al. (K.-L. Chen et al., 2015) recommended an effective educational program to 

target students’ ability to gain a basic knowledge and understanding of energy concepts.     

Green Building literacy 

As part of science literacy, Green Building Literacy (GBL) is defined as the green 

building user’ capacity to earn knowledge and skills about the building, their ability to 

get buildings’ green information actively, their positive attitudes and beliefs about green 

life and environment, and their ability to appreciate and select green buildings (Shiao, 

Lin, & Sung, 2013). “A green building literate citizen will benefit from foundational 

knowledge from environmental/sustainability education and science education to 

understand both the what and why of green building design and ultimately how to 

engage in transformative green buildings practices” (Cole, 2019, p. 3). GBL is necessary 
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to encourage people to do environmentally practical actions such as energy-saving and 

carbon reduction (Jan et al., 2012).   

Recently, Cole (2019) developed a framework for green building literacy as a 

foundation for K12 STEM education. They investigated GBL in three dimensions of 1) 

green building knowledge and skills, 2) affective dispositions and green buildings, and 

3) Behaviors and green buildings. Cole’s framework for GBL was in line with the 

findings of Jan et al. (Jan et al., 2012) that explicitly declared that GBL education should 

focus on students’ green building attitudes and behaviors in addition to their green 

building knowledge. Furthermore, Shiao et al. (2013) proposed knowledge and skills, 

affect, and behavior as the three strands for GBL.  

To examine the students’ GBL, Shiao et al. (2013) created a green building curricular 

unit for undergraduate students and found significant improvement in all three 

dimensions of knowledge, attitude, and behaviors. Also, Cole (2015) investigated five 

different schools (variety of PreK-12 students) as three TGBs, one TGL (Teaching 

Green Landscape), and one non-TGB. GBL scores clarified that Non-TGB students had 

significantly lower scores than the others. Also, they found that TGB knowledge is 

predictable by students’ personalities however, pro-environmental behaviors are 

affective by the school’s social and physical environmental factors.         

Model-Based Reasoning 

One of the main goals of science education is to prepare students for using their 

conceptual understanding of science to reason about environmental issues (Zangori, 

Peel, Kinslow, Friedrichsen, & Sadler, 2017). Energy consumption issue and its effect 

on global warming and climate change is one of the environmental issues that needs to 
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be understood by students. For this understanding, students need to know about 

renewable kinds of energy such as active solar system with photovoltaic panels and 

wind turbines. One opportunity to increase students’ understanding about energy 

consumption issue is encouraging them to develop robust models of renewable energy 

systems and using their models to find out the renewable energy-global warming 

interrelation.  

Model-based learning is a multi-phase process based on constructivist learning theory 

(Zangori et al., 2017). In this method of learning, first, students use their prior 

knowledge to develop their initial models in response to a problem. The initial models 

are used by the students to find out their current understanding about how and why the 

phenomena occurs and/or works. Then, students evaluate their models for their 

continued explanation of the problem and revise them to reflect new understandings. As 

a result, through the dialog relationship between students and their models when 

students use, evaluate, and revise them the learning occurs (Zangori et al., 2017).  

In the field of model-based reasoning, Lehrer and Schauble (2000) identified four forms 

of models that promised the development of model-based reasoning. Nersessian and 

Patton (2009) used model-based reasoning to construct and manipulate physical 

simulations in the context of biomedical engineering. Quillin and Thomas (2015) created 

a drawing-to-learn framework that defined drawing and categorized the reasons to use 

the drawing in the biology classroom. Their framework helped instructors to establish an 

environment conducive to student drawing in general and visual model-based reasoning 

in particular. In another study, Zangori and Forbes (2015) performed a design-based 

research to build a learning performance to explore third-grade students’ understanding 
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about the relation between plants and ecosystem using model-based reasoning. Zangori 

et al. (2017) theorized that using model-based reasoning within an socio-scientific unit 

helps students to articulate model-based explanations of carbon cycling and its relation 

to climate change. They found that students’ model-based reasoning increased over the 

course of the unit in three dimensions of components, sequences, and explanatories. In 

another study, Zangori and Cole (2019) carried out model-based reasoning to examine 

ecological literacy outcomes of 5th-grade students.  

Significance of the Study         

In summary of the above literature, we concluded that school-based outdoor classrooms 

(Learnscapes) are more comfortable to use compared to other outdoor learning 

approaches, such as fieldwork, outdoor visits, and outdoor adventures. School grounds 

because of easy access and close adjacency have excellent, “yet underutilized” 

possibility to assist science teachers in preparing useful and purposeful learning 

framework (Ayotte-Beaudet et al., 2017, p. 5344). While the recent literature review 

showed that teachers mostly consider the ecology and environmental issues in their 

outdoor science learning (Ayotte-Beaudet et al., 2017), other science aspects and 

disciplines such as energy have not yet investigated comprehensively. Therefore, in this 

study, energy literacy objectives in three dimensions of cognitive, affective, and 

behavioral were examined in a newly built Learnscape equipped with solar photovoltaic 

panels.   

Furthermore, based on the previous studies, we need an appropriate curriculum to 

enhance students’ understanding about the environmental issues (Zangori & Cole, 2019; 

Zangori & Forbes, 2015). Also, to develop systems thinking and scientific reasoning, we 
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need a proper curricular and instructional support (Zangori & Forbes, 2015). As a result, 

we found and modified a suitable curricular unit to be taught in a period of six weeks. 

This curricular unit was utilized to enhance students’ understanding about energy and its 

related environmental issues. We get helped from experiential learning theory, place-

based education, and teaching green buildings to justify our findings.     
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Chapter Three: Methods 

Purpose and Objectives 

This quasi-experimental study examined the potential for an outdoor classroom 

(Learnscape) with installed PV solar system together with a six-week energy literacy 

curricular unit to enhance energy literacy outcomes for elementary students. To 

accomplish this purpose, we defined the following research questions to guide this 

study: 

RQ1. Are there significant differences in energy literacy outcomes for 

elementary students over time and across schools with and without Learnscape? 

RQ2. Do elementary students gain an increasingly sophisticated understanding of 

solar energy systems across the unit, and are these outcomes higher in the 

Learnscape school? 

Based on the findings from previous studies, we hypothesized that the energy-related 

curricular unit increases students’ energy literacy outcomes in both Learnscape and 

Non-Learnscape schools. Also, Learnscape students have higher energy literacy 

knowledge compared to Non-Learnscape school students after completing the program. 

However, we could not predict a significant difference between the schools in affective 

and behavioral dimensions.   

We conducted a quasi-experimental study for a specific Learnscape where solar 

photovoltaic panels are one of its notable green features. Data collection methods were: 

1) distribution of questionnaires, 2) collection of students’ models drawing and their 
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written narratives, 3) conducting interviews about the program and drawings, and 4) 

collecting observational data.  

Research Context 

Research Participants 

Two elementary public schools in the same district in Lenexa participated in this study. 

With a population of about 55,000, Lenexa is the 8th most populated city in Kansas City 

Metropolitan Area, United States. The Learnscape school we selected for the quasi-

experimental group has a Learnscape with green features constructed by Hollis and Miller 

Architects in Summer 2018 (Fig. 2). The Learnscape is located right behind the main 

building, as shown in Fig. 3. Gardening, photovoltaic solar panels, and water management 

and conservation are the prominent features of this green construction. Figure 4 shows 

these features. We determined the Non-Learnscape school in the same district with similar 

student achievement and demographics as the control group. This school does not have 

access to a Learnscape. We worked with teachers (n=3) and students (n=42) in the three 

4th grade classrooms at the Learnscape school, where some lessons were conducted 

outdoors in the Learnscape. Also, we worked with other fourth-grade students (n=63) and 

their teachers (n=3) from Non-Learnscape school who had no exposure to the built 

environment Learnscape intervention.  
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Figure 2 The Learnscape (Photo by Sepideh Fallahhosseini) 

 

Figure 3 Learnscape Site Plan (Provided by Hollis and Miller) 
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Figure 4 Green features of Learnscape construction, (a) gardens, (b) solar photovoltaic panels, (c) water 

management and conservation (Photo by Sepideh Fallahhosseini) 

 

Fueling our Future Curricular unit 

At the first step of doing this research, we prepared a curricular unit for fourth-grade 

students to increase their knowledge about the sources of energy, its utilization, different 

types of energy, renewable and non-renewable kinds of energy, and solar power. This 

curricular unit was aligned with the Next Generation Science Standards (NGSS) for 

fourth-grade students (NGSS, 2013). Also, it was cable of being taught in both the 

Learnscape and the regular classes. Furthermore, it was highlighting the renewable and 

sustainable energy as well as Learnscape solar features such as photovoltaic panels.  

To prepare the curricular unit, first, we found some lesson plans about energy and solar 

power. After the meeting with fourth-grade teachers and administrators of both schools 

and getting their comments, we chose the “Fueling our Future” (FoF) curricular unit1. 

Then we modified it after receiving the feedback and ideas of the teachers and educators. 

As part of the modification, we added a pre-Lesson to the curricular unit, where we 

introduced scientific models to teachers and students to assist them with drawing models 

of solar energy systems. Also, we added Lesson 5 (Solar Power) to the pre-existing FoF 

 
1 https://learninglab.usgbc.org/programs/fueling-our-future 

https://learninglab.usgbc.org/programs/fueling-our-future
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unit. This lesson specifically focused on solar power systems (Active and Passive), and 

we encouraged utilization of the solar power system embedded in the Learnscape for 

students at that school. We added this Lesson and its activities to the curricular unit not 

only to enhance students’ knowledge about solar energy, but also to see how the 

physical built environment of the Learnscape supported the development of students' 

energy literacy.     

FOF Curricular unit Lessons 

The Modified FoF Curricular unit contained seven student-centered lessons that helped 

students to explore different kinds of energy and understand it in different ways. The 

lessons were designed to be highly interactive, hands-on, and engaging for elementary 

students. As such, there were very few formal lectures and much of the instruction 

centered around doing activities and reflecting on learning. The first lesson of the FoF 

curricular unit was “Energy in Action”.  This lesson taught students about foundational 

energy science. Students built a small Rube Goldberg machine to consider how this 

system relates to energy and also observed energy transfer and transformation. In Lesson 

two, “Mystery Dinner-Energy in Ecosystem”, students made an energy flow diagram to 

find out that the sun is our main and primary source of energy. Also, they analyzed 

patterns in different food chains to conclude energy flow through ecosystems. In 

“Mapping My Energy Use” as Lesson Three, students articulated electrical safety tips 

and analyzed and categorized human energy use.  

In Lesson 4, “Where Does My Energy Come From?”, students learned about natural 

resources and classified different energy resources as renewable and non-renewable. 

Also, they distinguished between human wants and needs and created a visual 
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representation of their personal energy use. In lesson 5, “Solar Power”, students 

differentiated solar energy as being either active or passive. Also, they described how 

energy could be transformed from solar energy to electrical energy. Furthermore, they 

could explain how the sun’s position changes the amount of solar energy that could be 

concentrated and stores.     

In Lesson 6, “Oil Takes a Trip”, students learned about the steps of the gasoline supply. 

Also, they identified countries with oil reserves on a map, summarized each step of the 

supply chain, calculated the number of miles a petroleum product may travel from oil 

well to gas station. Finally, in Lesson 7, “Energy for All”, students identified ways that 

energy helps them and knew the reasons for saving energy. Also, they analyzed a real-

world example of energy conservation strategies.  

Timeline of Activities 

As illustrated in Table 1, both schools’ teachers taught the FOF curricular unit in 6 

weeks. The first three lessons were taught in the first two weeks. During these two 

weeks, students attended in seven activities called 1) Energy Cards, 2) Rube Goldberg, 

3) Language Arts Machine, 4) Music, 5) Mystery Dinner, 6) 24 Hours of Energy, and 7) 

My Energy Map. At the first of the third week, students had a tour for their school 

building to be familiar with the energy-related systems in their schools. After that, 

students learned about lessons four and five with three more activities that were 1) 

Renewable vs. Non-renewable sources, 2) Passive Solar Energy, and 3) Active Solar 

Energy. After these activities, a guest speaker from MC Power explained about 

photovoltaic solar panels for students. Finally, lessons six and seven were taught to 

students in the last two weeks, and students did four activities that were 1) Supply Chain 
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of Fuel, 2) Supply Chain of Gasoline, 3) Biofuel Supply Chain, and 4) Sustainable 

Energy Use Case Studies. In these case studies, students got familiar with some young 

people who used energy conservation strategies in their homes, schools, and 

communities.       

Table 1 FoF curricular unit timeline and activities   

 

After preparing the curricular unit booklet, we provided a copy of it for each teacher. 

Also, all the materials and tools required for the Hands-on and Activities were provided 

for each class separately. For example, to do Activity 5.1 (Passive Solar Energy), we 

provided sand, salt, thermometers, paper tapes, cans, and boxes for each group of 

students (4-5 students). Or, for Activity 5.2 (Active Solar Energy), we provided 

voltmeters, small PV panels, positive and negative wires with alligator clips, LEDs, and 

pieces of foam boards for small houses. We separated all the materials and tools for each 

class and delivered them to the teachers before the activities. Right before the academic 

year began, we had an afternoon-long workshop for teachers to make them ready to 

teach the FOF curricular unit. Some sample pages of prepared booklets were illustrated 

in Appendix A.     
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Required Permissions and IRB Approval 

Before starting this investigation, schools' administrations and teachers expressed their 

willingness to cooperate in this project. Then, we made the IRB approval (# 2015845), 

allowing us to contact the schools and their students. Next, we took the students’ and 

parents’ permission and consents.   

Data Collection 

As listed in Fig. 5, system model drawing and written narrative, questionnaire, interview, 

and observation were the methods utilized to collect data. These mixed-methods were 

carried out to ask research questions in different ways, receive fuller and more 

comprehensive responses, and ultimately triangulate results (Kalaja, Dufva, Alanen, & 

Barkhuizen, 2013). 

 

 

Figure 5 The process of data collection 

Student Questionnaires 

The first method of collecting data was questionnaires with questions related to the 

program. In 2013, DeWaters and Powers established a framework and criteria to measure 

energy literacy outcomes in three dimensions of cognitive, affective, and behavioral, 
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based on a questionnaire (J. DeWaters & Powers, 2013). Due to the process of preparing 

this framework and criteria, their findings would be a valid and reliable source and 

reference for our study. Although they have established this framework specifically for 

middle and high school students in New York state, the authors claimed that their structure 

and criteria could be modified for other students and populations. “Despite the specific 

nature of the intended application, the framework provides a useful starting point to revise 

and adapt for other populations.” (J. DeWaters & Powers, 2013, p. 40) Thus, based on 

their framework and criteria Pre/Post questionnaire designed for “Fueling Our Future” 

curricular unit (USGBC) was modified and used. We provided the modified questionnaire 

in Appendix B.  

Student Model Drawing and Written Narrative.  

The second methods of collecting data in this study were model drawing and its related 

written narrative. As illustrated in Figure 5, we asked students four times to draw their 

model about “How can the sun power a building?” Pre drawing was done before starting 

the curricular unit. Then, after Lesson 3 in the early third week, Model 1 was performed. 

It was done before Lesson 5, which was about solar power. After lesson 5, at the end of 

the fourth week, Model 2 was carried out, and finally, Post drawing was done at the end 

of the sixth week after completing the FOF curricular unit. Model drawing and written 

narrative approach is an appropriate technique for children of different ages; these models 

have been carried out in science and environmental education, increasingly (Kalvaitis & 

Monhardt, 2012). In the drawing, children could express their feeling and ideas more 

clearly than speaking verbally about them (Coufal & Coufal, 2002). Drawing has been 

used to find out the opinions of the children, and because of eye contact reduction, it helps 
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children to focus on what they exactly want to say (Dockett & Perry, 2005). In this study, 

we asked fourth-grade students in both schools to draw: “How can the sun power a 

building?” Also, the student completed open-ended questions at the bottom of the drawing 

sheet related to the drawing. The Student Modeling Packet is in Appendix C.  

Student Interviews 

The third method carried out in this study was to collect data via student interviews. 

With teachers’ help from both schools, we selected two students (one boy and one girl) 

from each class to interview (total of 12 students, six students from each school). We 

interviewed the chosen students two times. The first time was the Pre-interview that we 

carried out before starting the curricular unit. Then we talked with them after completing 

the FoF curricular unit as Post-interview. The interview had three main sections. At first, 

we asked students about their energy literacy. We asked them about their knowledge 

about energy, its’ different kinds, and where it comes from. Also, we asked about their 

and their family’s attitudes and behaviors to conserve energy. In the second part, we 

requested their thought about why we asked them to draw their ideas in their model 

drawings. Finally, we wanted them to explain their drawings. We asked them to tell us 

what happens in their drawings, how it happens, and also why this happens. We 

provided the interview protocol in Appendix D.    

Classroom Observations            

The last method of collecting data in this study was the observation. During the 

curricular unit, we attended some of the classes to find out the students’ reactions and 

engagement to the lessons and teachers’ interests and confidentiality to teach the 

curricular unit. Also, we were looking for the effects of other parameters such as the 
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place (classroom, Learnscape, and school ground) and weather in the students' tendency 

and engagement to hands-on and activities. We did the observations as passive 

observers. We attended to the classes just for observing the students without asking any 

question or interrupting the teachers.   

Observations happened approximately once a week for each classroom. However, in the 

fourth week, we observed each class three times.  This week was more critical for us 

because students should perform Lesson 5 activities outside the classroom, Learnscape 

school in the Learnscape, and Non-Learnscape school in the school ground. Classroom 

observations were not our primary data source. Still, they were used to understand how 

the lessons might have varied across classrooms and assist with the interpretation of 

students drawing and questionnaire data. We provided the observation protocol in 

Appendix E.    

Data Analysis 

Student Questionnaire 

We carried out Factor and Reliability Analyses to develop categories for Likert‐style 

questions of the energy Literacy Questionnaire. We used Principal Axis Factoring with 

Varimax rotation for factor analyzing and Cronbach’s Alpha values for the reliability 

analyses. We grouped the questions into two main categories of Attitudes and 

Behaviors. Then each group of questions underwent Principle Axis Factoring, and we 

removed items with factor loadings <0.4. Table 2 shows the questionnaire items that 

loaded on the same factor with loadings greater than or equal to 0.4. Then, we did 

reliability analyses with the remaining items due to test the internal consistency of each 

group. As Table 2 shows, both categories are within an acceptable range for Cronbach’s 
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Alpha. While Cronbach’s Alpha equal to 0.7 is typically considered as the lower limit 

for reliability analyses, an alpha of 0.6 and above is acceptable for exploratory studies 

(Tatham, Hair, Anderson, & Black, 1998). At the end of the analyses, we only dropped 

three questions in the Behaviors category because of low factor loadings.  

Energy Literacy Knowledge Test Preparation for Analysis 

The energy literacy knowledge (ELK) test (Part I of the energy literacy questionnaire) 

required a different set of data checks compared to Likert‐style questionnaire questions. 

The trial had three sections, including recall, reasoning, and explanatory questions that 

were summed together to measure energy literacy knowledge (ELK). We used the 

following rubric to score the explanatory items: 1: good reason/example, 0.5: good try, 

and 0: totally off or no response. Before implementing the rubric scoring on all the 

explanatory questions, two members of the research team individually scored twenty-six 

students' questionnaires (explanatory questions) as a pilot for the scoring process. Inter-

rater reliability using Cronbach’s Alpha (0.940, 𝑃 ≤ 0.001) showed substantial 

agreement.       

We used Classical Test Theory procedures before summation to determine whether we 

should keep the knowledge test items or omit them (Crocker & Algina, 2008; Zangori & 

Cole, 2019). The statistical procedures were as follow: 

Percentages: We set the frequency of students’ correct versus incorrect answers as a 

criterion. In this criterion, if a question answered correctly by >80% of students, that 

question is too easy. Also, if a question answered incorrectly by <20%  of the students, 

we considered that question as a too hard question. Using this criterion, we found that 
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only one of the items in the reasoning category (Chemical energy) was too comfortable 

in the Post questionnaire.  

Table 2 Energy literacy questionnaire categories 

Category Name and Questionnaire Items No. 

Items 

Pre-Questionnaire Post-Questionnaire 

Alpha Mean (SD) Alpha Mean (SD) 

Energy Literacy Knowledge Score 32 0.66 9.76 (3.22) 0.71 12.79 (3.25) 

          Recall      

          Reasoning      

          Explanatory 

 

     

Attitudes and Beliefs 

 

7 0.72 3.37 (0.76) 0.717 3.91 (0.68) 

          Know a lot 

 

     

          Know how to use 

 

     

          Future generations      

          Community world      

          Save Energy      

          Solve problems      

          Encourage others      

Behaviors 7 0.76 3.49 (0.88) 0.811 3.75 (0.88) 

          Save water      

          Lights off      

          Think about energy      

          Family heat down      

          Encourage family      

          Encourage family CFLs 

 

     

          Buy less      

Correlations: The next criterion was whether or not scores for each question correlated 

with the overall energy literacy knowledge (ELK) scores. The result was a series of 

point biserial correlation coefficients, where a coefficient higher than 0.20 is generally 

acceptable (Crocker & Algina, 2008, pp. 317-327). Two questions in the reasoning 

category (Non-renewable source, and Embodied energy) and one question in the 

explanatory class (Specific action impact) were lower than 0.20 in the Prequestionnaire. 

 
2 The content knowledge score is comprised of 20 test questions grouped in to three sub-categories. 
Except of the knowledge categories, the other two categories measured on a 5-point scale, where 
1=strongly disagree and 5=strongly agree for attitudes and belief category, and 1=never and 5=always for 
behaviors category.   
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However, only one item in the reasoning category (Chemical energy) was lower than 

0.20 in the Post questionnaire. 

Factor analyses: A 20‐item study showed that the whole group reliably measures ELK 

with alphas of 0.66 and 0.71 for Pre and post questionnaires, respectively. The resultant 

categories of factor analysis failed to make theoretical sense. 

Table 3 shows the reliability analyses for each question type (recall, reasoning, and 

explanatory). We can see that reasoning questions had low internal consistency. This 

small internal consistency might be because of the variety of items (from ecosystem to 

fuel supply chain).  

Based on the above analyses, we decided to keep all the questions because four of the 

subjects had low correlation coefficients only for the Prequestionnaire results, and they 

had acceptable correlations in the Post questionnaire. Since in the Prequestionnaire, 

students have not experienced the energy curricular unit, the post questionnaire results 

would be the better criteria to find the correlation. Furthermore, the results of 

eliminating the “Chemical energy” question showed lower reliability. As a result, we 

kept all items for evaluating the energy literacy knowledge (ELK). We created the ELK 

score for each student by the summation of each of the three sections of Recall, 

Reasoning, and Explanatory.  

The results of the Shapiro-Wilk test showed that the scores for Attitudes and Behaviors 

were not distributed normally (𝑃 ≤ 0.001). However, the Shapiro-Wilk test for energy 

literacy knowledge scores (𝑃 = 0.081) clarified that the data might be distributed 

normally. Therefore, due to integrity and uniformity in data analysis, nonparametric tests 
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were chosen to analyze the questionnaire data. We used the Wilcoxon signed-rank test to 

examine pre/post questionnaire differences within the schools, and the Mann-Whitney U 

to look for the differences between pre and post questionnaire across the schools. 

Table 3 Energy Literacy knowledge test item-by-item analysis 

 

Pre-Questionnaire Post-Questionnaire 

% 

Correct 

% 

Incorrect 

Correlation 

w/CKS 

Alpha 

 

% 

Correct 

% 

Incorrect 

Correlation 

w/CKS 

Alpha 

 

Recall    0.81    0.96 

     Matching 1 57.1 36.2 0.50  77.1 13.3 0.41  

     Matching 2 55.2 38.1 0.61  72.4 18.1 0.43  

     Matching 3 50.5 41.0 0.67  72.4 18.1 0.48  

     Matching 4 67.6 24.8 0.56  82.9 7.6 0.28  

Reasoning 

 

   0.28    0.51 

     Chemical energy 76.2 18.1 0.23  84.8 5.7 0.13  

     Energy food 25.7 68.6 0.23  32.4 58.1 0.34  

     Non-renewable source 39.0 51.4 0.00  71.4 19.0 0.38  

     Energy transfer 16.2 73.3 0.33  50.5 40.0 0.27  

     Cord connection 67.6 26.7 0.25  71.4 19.0 0.32  

     Embodied energy 26.7 60.0 0.19  21.9 68.6 0.33  

     Supply chain 56.2 34.3 0.26  69.5 21.0 0.39  

     Product demand 40.0 41.9 0.25  61.0 27.6 0.42  

     Energy flow direction 51.4 36.2 0.28  58.1 31.4 0.44  

     Light to chemical energy 36.2 41.9 0.54  34.4 54.3 0.38  

Explanatory    0.60    0.73 

     Ecosystem 23.8 74.3 0.52  49.6 41.9 0.45  

     Support 21.0 77.1 0.47  41.9 49.5 0.51  

     Powering the building 70.5 27.6 0.50  82.8 8.6 0.24  

     Powering Impact 23.8 74.3 0.41  51.5 40.0 0.51  

     Specific action 37.2 61.0 0.36  61.0 30.5 0.52  

     Specific action Impact 23.8 74.3 0.16  47.6 43.8 0.48  

 

Student Model Drawings  

Each student drawing, with its following written narrative, constituted one unit of analysis. 

To analyze the students’ drawings quantitatively, we used visual content analysis. First, 

we identified some visual elements. Then, we counted the number of these elements to 

find their frequencies, and then we used these frequencies for quantitative analysis 

(Kalvaitis & Monhardt, 2012). Since this coding process focuses on specific objects and 
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elements, and not multiple interpretations, the results of it are valid and more reliable 

(Kalvaitis & Monhardt, 2012). We did a similar process for written narratives in which 

instead of visual elements, we identified word elements. We categorized the manipulated 

and codified data at appropriate categories to use them for statistical analysis. To answer 

the research questions, after preparing appropriate rubrics, rubric scores for each drawing 

and written narrative were input into SPSS software. We carried out the analytical 

framework developed by Zangori et al. (2017) to design comprehensive rubrics to capture 

the three dimensions of energy literacy. We invented the rubric at three levels of 

components, sequences, and explanatory, as illustrated in Table 4. 

Table 4 Rubric for Scoring Student Drawings  

Level Description 
Components 

 

     0 - 12 

 

An objective assessment asked students to count everything 

shown in the drawing (or written about in the text) that relates 

to the solar energy process. The components could be the sun, 

sun rays, solar panels, wires, converter, battery, power box, 

built environment, end uses like light, TV, etc. 

Sequences between components 

 

     0 – no links  

     1 – one link 

     2 – two links 

     3 – three links 

     4 – four links 

     5 – five links 

 

A holistic assessment of students’ demonstrated understanding 

of the links between components. The idealized relationships 

were 

1) sun rays to the solar panel 

2) solar panel to the storage  

3) storage to the inverter  

4) inverter to the outlet  

5) outlet to end-use.  
Explanatory processes  

 

     0 – no explanatory process 

     1 – one reason and not accurate 

     2 – one+ reason(s) and somewhat 

accurate 

     3 – one+ reason(s) and well 

explained 

 

A holistic assessment of students’ demonstrated understanding 

of how and why the process works. We were looking for 

adequate explanations for why solar power matters (e.g., 

mention of air quality, pollution, climate change, renewable 

resources, saving non-renewable resources, saving oil, gas, 

etc.) 

 

Before implementing the rubric scoring on all the drawings, two members of the 

research team individually scored twenty-four students' drawings (two students from 
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each class) as a pilot for the scoring process. Inter-rater reliability using Cronbach’s 

Alpha (0.900, 𝑃 ≤ 0.001) showed substantial agreement.  

To choose appropriate test methods between parametric and nonparametric tests, we 

examined the normality of the data using the Shapiro-Wilk test. The results of this test 

showed that none of the data were distributed normally (𝑃 ≤ 0.003). Thus, we chose 

nonparametric tests to analyze the data. In this regard, we chose the Wilcoxon signed-

rank test to examine pre/post drawing differences as well as Model1/Model2 differences 

within the schools, and we used the Mann-Whitney U to look for the differences 

between pre & post and Model 1 & Model 2 drawings across the schools.  

As described in the rubric, during the scoring of the explanatory level, we were looking 

for adequate explanations for why solar power matters. In this regard, we were looking 

for phrases including air quality, pollution, climate change, using renewable energies, 

saving non-renewable energies, saving fossil fuels, etc. in the students' written 

narratives. We called them “intended phrases.” In addition to the following statistical 

analysis, we used the usage percentage of the intended phrases in the students' written 

narrative to explain the results. For example, in the Learnscape school, 15 of 34 students 

who responded to the explanatory questions in their Post drawings have used at least one 

of the intended phrases, which brought us the percentage of 43%.  

Furthermore, to have a reasonable comparison between the schools paying attention to 

the effects of Learnscape features, we considered 1) battery, 2) power box, 3) outlet 

(plug), and 4) converter as the components “visible in Learnscape.” Also, at the 

sequences level, we considered 1) solar panel to plug, battery, etc., 2) plug to end-use, 
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and 3) battery, converter, etc. to, etc. as the sequences that are “visible in Learnscape.” 

In the following, we used the average scores of the components and sequences “visible 

in Learnscape” to find a holistic understanding of the effects of Learnscape features on 

the students' knowledge.    

Interviews and Observations 

In this study, we didn’t analyze the collected interviews and observation data 

qualitatively. They only utilized to explain the above quantitative data with more details. 

We mostly used students’ interviews to describe the results of the questionnaires and 

model drawings more comprehensively. Also, we got help from the observations to 

present the limitations of this study.         
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Chapter Four: Results 

Questionnaire Results 

Comparing Pre and Post Questionnaires 

Our first research question was: “Are there differences in energy literacy outcomes over 

time and across schools with and without Learnscape?”. To answer the first part of this 

question (over time), Table 5 shows the Wilcoxon signed-rank test for the differences 

between Pre and Post questionnaires. Overall, there were significant differences between 

pre and post questionnaire scores (𝑃 ≤ 0.004) except for the Behaviors score for the 

Learnscape school. Figure 6 shows the average scores of the questionnaires. In all three 

sections of ELK, Attitudes, and Behaviors, the students’ average scores have been 

increased from Pre to Post questionnaire significantly except for the Behaviors score for 

the Learnscape school, which were already high in the pre-condition (Figure 6 & Figure 

7). We utilized the interviews to have a better understanding of the results.  

 

Table 5 Wilcoxon signed-rank test results (Pre and Post) 

  ELK Attitudes Behaviors 

All Students Z -6.284 -6.102 -3.140 

p 0.000 0.000 0.002 

Learnscape Z -4.091 -3.648 -1.215 

p 0.000 0.000 0.224 

Non-Learnscape Z -4.784 -4.909 -2.891 

p 0.000 0.000 0.004 



39 
 

 
Figure 6 Average questionnaire scores, Pre and Post 

 

Figure 7 Average questionnaire scores by school and pre vs. post.  

From the Pre-interviews, we found that most of the students knew very little about 

energy. Also, those who knew something had a vague understanding of it. Furthermore, 

most of them haven’t heard about renewable and non-renewable kinds of energy. 

However, students in the Post-interviews declared that they know about energy more 

than before. As an example, Skylar from the Non-Learnscape school in response to the 

question about how much they know about energy said: “I feel like I know a lot better than 
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when we started it. First, I didn’t even know what solar panels look like. Now, I know a lot 

more.” Or, Amelia from Learnscape school said: “Yeah, more than when I started.” As 

another example, in response to the question about knowing renewable and non-

renewable energies, Charlotte from Learnscape school in her Post-interview said: “Non-

renewable energy is something that it takes a while to get more of, and once we’re out, we’re 

out. And renewable energy is something like once we’re out of it, we can make more in a few 

days.” she didn’t know about them in Pre-interview. Or, Ava from Non-Learnscape 

school in the same situation (knew nothing in Pre-interview) in response to this question 

in the Post-interview said:  

So non-renewable energies, energy you can't get very quickly once you use it. And 

renewable source and renewable energy is where if you use it, you can get it back 

really quickly. Like the sun, that's a renewable source of energy. And like oil, maybe, 

that's a non-renewable source. 

 These examples support the significant increase of ELK scores of both schools from Pre 

to Post questionnaires that show the FoF curricular unit significantly improved the 

students’ energy literacy knowledge in both schools.  

Furthermore, the interviews declared that both Learnscape and Non-Learnscape school 

students were excited about the curricular unit and proclaimed that they learned about 

energy. As an example, Emma from Non-Learnscape school about the curricular unit 

said: “I thought they were fun, …. It made me a lot more knowing about energy than how I 

struggle on my side about energy.” Or Amelia from the Learnscape school said: “I thought 

it was pretty cool because I didn’t know that much about energy, and I thought it was pretty cool 

to learn about more different types of energy. I never knew there were so many types of energy.”   
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In the Attitudes and Beliefs section, we can see a significant improvement from the 

Prequestionnaire to the Post one. It shows that the FoF curricular unit was successful in 

improving students’ attitudes about energy and its conservation significantly. Student 

interviews involved a question about conserving energy and why doing so is essential. 

Charlotte from Learnscape school in response to this question in the Pre-interview said: 

“I think less energy helps the environment because we're using the less power and.... I don't 

know, really.” In the Post interview, when we asked her the question again, she 

responded that: “So we can obviously save the energy for people in the future so they can have 

all this cool stuff that we do.”  

This example shows a jump in the student’s attitudes about conserving energy. At the 

Pre-interview, we can see that she knew something like saving energy helps the 

environment but not confident. However, in the Post interview, they confidently 

(because of using “obviously”) expressed their belief that they care about the future 

people. As another example, Mia from Non-Learnscape school in the Post-interview 

said: “If you produce too much CO2 in the Earth atmosphere, then the glaciers … are starting 

to melt, and it’s hurting animals like polar bears or penguins.” (She did not have such a 

descriptive explanation in the Pre-interview).  

In the above example, we can see the student who had no clue about why the way of 

using energy is essential before starting the curricular unit, in the Post-interview 

expresses their worries about the effects of improper use of energy. The above examples 

could help us to conclude that the FoF curricular unit had increased the students’ 

attitudes about how to use and conserve energy sources.  
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In the Behaviors section, we can see that the scores of both schools in the Post 

questionnaire are higher than the Prequestionnaire ones. Although this improvement is 

significant for the Non-Learnscape school, it is not substantial for the Learnscape 

school. After reviewing the Pre interviews, we found that four of the six students in the 

Non-Learnscape school had no clear response to the question “Do you ever try to 

conserve energy in your life, or do you know what that means?” However, all the 

Learnscape school students had reasonable responses to this question. In the Post 

interview, we found that five of the six students in the Non-Learnscape school had 

appropriate answers to this question, and again all the six students of the Learnscape 

school do some actions to save energy in their lives. From these results, we can explore 

that students from the Non-Learnscape school had significant improvement in their 

efforts to save energy. Some of them had no actions at first, but they talked about the 

activities they do in the end. But, Learnscape school students were making some efforts 

to save energy before starting the curricular unit. As a result, their behaviors’ scores 

improved but not significantly after completing the curricular unit.  

Comparing schools  

Our first research question was: “Are there differences in energy literacy outcomes over 

time and across schools with and without Learnscape?”. To answer the second part of 

this question (across schools), Table 6 shows the results of Mann-Whitney U tests that 

examine the comparison of the questionnaire scores between the schools. From this 

table, we can see that the results of the two schools were significantly different only for 

the ELK score in the Post questionnaires. Figure 7 shows that the average ELK score of 

Learnscape school is substantially higher than Non-Learnscape school in the Post 
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questionnaire. Although in the interviews we couldn’t find any outstanding matter to 

compare the schools, we found substantial pieces of evidence in the model drawings that 

we will describe them in the following.   

Table 6 Mann-Whitney U test results for differences between the schools (Pre and Post questionnaires) 

 Pre Post 

 ELK Attitudes Behaviors ELK Attitudes Behaviors 

Mann-Whitney U 624.000 884.500 795.000 724.000 734.000 895.000 

p 0.787 0.238 0.114 0.021 0.127 0.674 

 

Model drawing results 

Comparing Pre and Post 

Our second research question was: “Do elementary students gain an increasingly 

sophisticated understanding of solar energy systems across the unit and are these 

outcomes higher in the Learnscape school?”. In response to the first section of this 

question (across the units), Table 7 shows the Wilcoxon signed-rank test results for all 

three levels. Overall, there were significant differences between pre and post drawings 

of both schools (𝑝 = 0.000). Figure 8 shows that the average scores of both schools 

increased significantly from the Pre drawing to the Post ones. Paying attention to the 

details of the students’ drawings, we found that in the Pre drawings, students mostly 

mentioned sun, sunrays, solar panel, and the built environment (a house, a building, a 

store, etc.) However, in the Post drawings, additional components like wires, battery, 

converter, outlet, and end uses could be seen. Furthermore, in the Pre drawings, the link 

between sun rays and solar panels was the dominant link. However, other connections 

such as solar panel to the converter, converter to the battery, battery to the outlet, and 

outlet to end-use could be seen in students’ drawings at Post more than Pre.   
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Looking at the explanations, we found that in the Pre drawings, students mentioned 1) 

saving gas, coal, and fossil fuels, 2) preventing global warming, 3) decreasing the 

pollution, and 4) using green, clean, and natural energy. However, in the Post drawings 

in addition to the four previous reasons, they mentioned 5) using renewable energy and 

6) Preventing to use non-renewable energy. It shows that in the Pre drawings, students 

might not aware of the types of energy (renewable vs. non-renewable). But the FoF 

curricular unit prompted them to think about the different kinds of energy and pros and 

cons. 

Table 7 Wilcoxon signed-rank test results (differences between Pre and Post) 

  Components Sequences Explanatory 

All Students Z -6.312 -5.535 -4.488 

p 0.000 0.000 0.000 

Learnscape Z -4.258 -4.093 -3.793 

p 0.000 0.000 0.000 

Non-

Learnscape 

Z -4.617 -3.736 -2.562 

p 0.000 0.000 0.000 

 

 
Figure 8. Average drawing scores, Pre and Post  
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The cognition and understanding of the different types of energy sources after the 

program can be seen in the students’ explanations as well. For example, Waylon from 

Learnscape school in his Pre explanation mentioned that: “we don’t have to use as many 

fossil fuels.” In his Post explanation, he said: “We are not using a non-renewable source.” It 

shows this student before the program has some knowledge that fossil fuel consumption 

is not beneficial for the environment, but it appears that the curricular unit helped him to 

use more sophisticated language about the ideas.  

In another example from Non-Learnscape school, Anna, in her Pre explanations, 

mentioned that: “using green energy it can save tons of power and solar panels can save 

electricity.” In their Post explanation, she said that “If you use green energy it saves non-

renewable energy resources.” This example again shows that the program has prepared a 

better cognition and understanding in the student about the kinds of energy and which 

one they should choose to help the environment. As another example, Willow from 

Non-Learnscape school in his Pre explanations mentioned that: “it helps the environment 

by using the sun instead of something else.” In their Post explanations, he said: “It helps the 

environment because solar power is a renewable source of energy.”           

In addition to the above quantitative results, we found that our un-analyzed qualitative 

data helps to illustrate the quantitative findings of the effects of the FoF curricular unit on 

the students’ energy literacy. The explanation of Ava from Non-Learnscape school for her 

Pre, Model 1, Model 2, and Post drawings is as follows. Figure 9 shows her drawings. For 

the Pre drawing, she mentioned that:  
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I don't know if this is right. I think that the sun will, you can use solar panels, and it gets 

the energy from the sunlight and then can put it in a building or house to power things. 

 

Figure 9a Sample of model drawings for one of the Non-Learnscape school students (Pre and Model 1) 
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Figure 10b Sample of model drawings for one of the Non-Learnscape school students (Model 2 and Post) 
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For Model 1:  

I didn't really know how solar panels worked, but I just thought the solar panels made 

energy from the sun, I guess. I don't really know what I thought or something. 

For Model 2: 

This one, I thought, was a lot better. I knew a lot more about it, and we learned about 

what the sunlight is like the photons, and I didn't remember what they were called, so I 

just, it's a picture thing. 

And finally, for the Post drawing: 

I didn't really know how the energy got to the house in the first drawing. … So when the 

guest speaker came in, I felt like I got. It made a lot more sense how they worked and 

stuff. So I drew the photons. I actually knew what they were called this time, and I drew 

the inside of the house and how the wires were connecting everything. And I'm not sure, 

I couldn't really remember, but we were talking about how the breaker box was there, 

and it went through it, but I can't remember. It was either that or something else that I 

forgot to draw or something that converts the energy or the sunlight into energy. I can't 

remember if it was the breaker box or something else. 

Following this student's interview, we can see how her knowledge about the solar 

energy system process was developed. Also, some kind of confidence can be found 

in her final explanations. At the first interview (after Pre drawing), she used the 

phrase, “I don't know if this is right.” It shows her lack of knowledge at the beginning. 

However, in the second interview (after Post drawing), she used phrases like: “This 
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one I thought was a lot better,” “I knew a lot more about it,” which shows her confidence 

in responding. 

 

Figure 11a Sample of model drawings for one of the Learnscape school students (Pre and Model 1) 
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Figure 12b Sample of model drawings for one of the Learnscape school students (Model 2 and Post) 
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Furthermore, in the following, she mentioned: “I didn't really know how the energy got 

to the house in the first drawing.” It means at the Post interview she knew, and it’s a 

piece of good evidence that shows the “Fueling Our Future” curricular unit improved 

the students’ energy literacy outcomes. As another evidence, Fig. 10 shows the 

drawings of Serenity from Learnscape school. She explained her drawings as follow: 

For Pre drawing: 

Right now the sun kind of made this tree grow and then the rain made it grow, too. … 

and these are the things that I did not remember what they were called, but they're on 

top of the roof. The sun's beaming on them, and it's making energy. 

For Model 1:           

This is an office building, and sunlight is powering the solar panels, and the solar 

panels are powering the building. So the building has light, and the outlets work. 

For Model 2:   

This is our Learnscape. I did the outside of it and the inside of it. Like the top … this 

cord is leading from up here to down here and the solar box thing. I forget the name. It 

has all the energy, and the cord leads to the outlet. You can plug in a lamp, and it'll light 

up because of the energy that's saved inside of this thing. 

In the following, to prepare more detail about the solar box she added: 

It'll keep the energy in to save it. 
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Following the explanations provided by this student shows a clear improvement in her 

knowledge about solar power systems. In the first interview, she didn’t know the name of 

solar panels and used the phrase: “these are the things that I did not remember what they were 

called.” But in the second interview, she explained the drawings completer and more 

confident.     

Comparing schools  

Our second research question was: “Do elementary students gain an increasingly 

sophisticated understanding of solar energy systems across the unit, and are these 

outcomes higher in the Learnscape school?” To answer the second part of this question 

(are these outcomes higher in the Learnscape school), Table 8 shows the results of Mann-

Whitney U tests. From this table, we can see that the results of the two schools were 

significantly different only for sequences level in the Pre drawings (𝑝 = 0.015) and 

explanatory level in the Post drawings (𝑝 = 0.023). Fig 11 shows the average drawing 

scores for all three levels of components, sequences, and explanatory for Pre and Post 

drawings.  

Comparing the sequences level in the Pre drawings shows that the average score of Non-

Learnscape school is significantly higher than the average score of Learnscape school 

(𝑝 = 0.015). It might be because of previous learning. During our first meetings with the 

teachers and school administrators, the Non-Learnscape schoolteachers mentioned that 

the students might have had some elementary energy education in third grade. 

Furthermore, two of the six interviewed students from the Non-Learnscape school 

mentioned that they learned a bit about energy in their third grade at school. In response 

to the question of where they learned about energy, Emma said: “In this classroom. Last 
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year, actually. … I've just learned little bits about how the energy works, I guess.”, and Ava 

mentioned “in third grade, we talked a little bit about it. Also, comparing the explanatory 

level in the Post drawings clarifies that the average score of Learnscape school is 

significantly higher than Non-Learnscape school (𝑝 = 0.023).   

Table 8 Mann-Whitney U test results for Pre and Post drawings (differences between the schools)  

 Pre Post 

 components sequences explanatory components sequences explanatory 

Mann-Whitney U 982.500 801.000 751.500 1069.000 1092.500 725.000 

p 0.357 0.015 0.454 0.642 0.766 0.023 

 

 

 

 
Figure 13 Average drawing scores within each level of the rubric, by school and pre vs. post.  

Paying attention to Figure 11, we can find that the average drawing scores of Learnscape 

school increased by 1.87, 0.93, and 0.85 for the levels of components, sequences, and 

explanatory, respectively. However, in the Non-Learnscape school, the average drawing 

scores increased by 1.21, 0.50, and 0.42 for the levels of components, sequences, and 

explanatory, respectively. Therefore, to distinguish the level of improvements in the 

scores of both schools, we decided to find out: “To what extent were students’ drawing 

scores improved from Pre drawing to Post drawing?” We defined another variable as the 

“improvement score,” which was the subtract of Post drawings scores from the Pre 

drawing ones. The Shapiro-Wilk test results showed that the improvement scores were 
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not distributed normally (𝑃 = 0.000). Therefore, we used the Mann-Whitney U test. 

Table 9 shows that the improvement scores for the sequences and explanatory levels are 

significantly different between Learnscape and Non-Learnscape schools. Figure 12 

shows the average improvement scores for all three levels. It shows that the average 

improvement scores of Learnscape school students in the sequences (𝑃 = 0.034) and 

explanatory (𝑃 = 0.004) levels were significantly higher than Non-Learnscape school 

students.  

Table 9 Mann-Whitney U test results for differences between the Improvement scores (Post – Pre)   

 components sequences explanatory 

Mann-Whitney U 929.500 833.500 475.000 

p 0.190 0.034 0.004 

 

 
Figure 14 Average improvement scores within each level of the rubric (from Pre to Post), by the school.  

At the sequences level, we considered 1) solar panel to plug, battery, etc., 2) plug to end-

use, and 3) battery, converter, etc. to, etc. as the sequences visible in Learnscape. We 

found that at the Pre drawings, the average score of the Learnscape and Non-Learnscape 

schools for the sequences visible in Learnscape were 0.08 and 0.15, respectively. These 

scores for Post drawings improved to 0.59 and 0.50 for Learnscape and Non-Learnscape 

schools, respectively. It shows that from Pre to Post drawings, the scores of Learnscape 
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school students in the sequences level improved about 637% (6.37 times). However, the 

scores of Non-Learnscape school students only increased by 233% (2.33 times). This 

result shows that students who were faced with Learnscape and its equipment might 

mention the higher number of sequences in the solar power process than the ones who 

weren’t. It is in line with the above data analysis, which showed that the average 

improvement score of sequences level for Learnscape school students was significantly 

higher than Non-Learnscape school students (𝑃 = 0.034). It might be because of the 

students’ encounter with real solar panels in the Learnscape since Amelia from 

Learnscape school in her Post-interview mentioned that: 

our teacher got to a point to a real solar panel, and it was more fun than doing it inside 

because you got to actually be outside and see. … She talked kind of how the wires from 

the solar panel come to this little box battery that connects to the outlet. And she plugged 

in a lamp, and the lamp lit up whenever she plugged it in. 

or even better, Waylon mentioned:  

When we were in the Learnscape when we were doing this stuff, we had some extra time, 

and I saw solar panels, and then I saw the box and then the outlets. So, then I realized 

that the wires go to the box, and then there are just like wires to the outlet from the box in 

case we need to use the outlet. 

In the explanatory level, from the above analysis, we found that in the Post drawings, the 

average score of explanatory level for Learnscape school is significantly higher than Non-

Learnscape school (𝑝 = 0.023). An in-depth investigation in the students’ explanations, 

we found that in the Pre drawings, 26% of Learnscape school students mentioned the 
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intended phrases (i.e., air quality, pollution, global warming, etc.) we were looking for. 

However, only 22% of the Non-Learnscape students indicated the intended phrases in 

their explanations. Thus, the differences between the two schools were not significant in 

the Pre drawings. In the Post drawings, we found that about 43% of the Learnscape school 

students used the intended phrases, and only 32% of the Non-Learnscape school students 

used the phrases we were looking for them which this time the difference was significant.  

In addition, based on what we discussed earlier, the number of intended phrases’ 

appearance (i.e., air quality, pollution, global warming, …) has increased by about 17% 

from Pre drawings to Post drawings (from 26% to 43%) for the Learnscape school. 

However, this improvement in Non-Learnscape school was only 9%. The following 

examples might explain the reason for this significant difference between the schools. In 

the Pre drawing explanation, Madeline from Learnscape school said: “you would not 

need to turn on light. If you turn on the lights, you would waste electricity.” This 

explanation shows that her thinking was limited to using the sun to make light. She 

didn’t demonstrate awareness of solar panels and how they can be used for producing 

electricity. She just thought of using sunlight instead of electrically powered lights. 

Madeline in her Post drawing explanation mentioned that: “Solar energy is renewable, so 

we wouldn’t have to use non-renewable resources.” The difference between the Pre and Post 

explanations shows a remarkable improvement. This kind of growth was not as 

noticeable in Non-Learnscape school. For example, Gus from Non-Learnscape school in 

his Pre drawing explanation, mentioned that: “It’s a clean source of energy plus it helps 

preserve fossil fuel.” This student in the Post drawing explanation said: “It saves energy 

that we normally use non-renewable fuels to produce.” Or, John only mentioned: “it doesn’t 
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create pollution” and “it doesn’t create toxic gas” in his Pre and Post explanations, 

respectively. Again, it is in line with the above data analysis, which showed that the 

average improvement score of explanatory level for Learnscape school students was 

significantly higher than Non-Learnscape school students (𝑃 = 0.004). In summary, 

this data indicates that Learnscape students in the postcondition demonstrated higher 

abilities to describe the how and why of their model drawings compared to students in 

the Non-Learnscape school.      

Comparing Model 1 and Model 2 

Our second research question was: “Do elementary students gain an increasingly 

sophisticated understanding of solar energy systems across the unit, and are these 

outcomes higher in the Learnscape school?” To show the influence of outdoor learning 

in response to the first part of this question, we designed Lesson 5 of the curricular unit 

based on solar power. In this lesson, students learned about passive and active solar 

powers in two different activities. We created this lesson on the basis that Learnscape 

school did it in the Learnscape, and Non-Learnscape school did it in the school ground. 

Thus, comparing the results might give us some hints about how outdoor learning affects 

the students’ science literacy. To find it out, in addition to Pre and Post drawings, two 

other drawings named as Model 1 and Model 2 were asked before and after Lesson 5, 

respectively. Wilcoxon signed-rank test, as shown in Table 10, were used to examine the 

differences between Model 1 and Model 2 drawings. Figure 13 shows the average scores 

of Model 1 and Model 2 for all students, Learnscape school, and Non-Learnscape 

school. Overall, there were significant differences between Model 1 and Model 2 of 

Learnscape school. Although components and sequences levels in Non-Learnscape 
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school were significant, Model 1 and Model 2 drawings in the explanatory level were 

not different significantly.  

Table 10 Wilcoxon signed-rank test results (differences between Model 1 and Model 2) 

  Components Sequences Explanatory 

All Students Z -3.977 -3.117 -3.117 

p 0.000 0.002 0.002 

Learnscape Z -2.325 -2.355 -3.337 

p 0.020 0.019 0.001 

Non-

Learnscape 

Z -3.237 -2.086 -1.039 

p 0.001 0.037 0.299 

 

 
Figure 15 Average drawing scores for each school, Model 1 and Model 2              

In the same way as Pre, in Model 1 drawings, students mostly mentioned sun, sunrays, 

solar panels, and the built environment. However, in the Model 2 drawings, components 

like wires, battery, converter, outlet, and end-uses could be seen more than Model 1. 

Furthermore, in the Model 1 drawings, the link between sun rays and solar panels was 

the dominant link. However, we could see other connections such as solar panel to the 

battery, converter, etc., battery, converter, etc. to the outlet, and outlet to end-use in 
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students’ drawings at Model 2 more than Model 1. This improvement from Model 1 to 

Model 2 shows the positive effects of the solar power lesson on the knowledge of the 

students. In the explanatory level, the number of intended phrases’ appearance (i.e., air 

quality, pollution, global warming, etc.) in the students’ drawings has increased by about 

18% from Model 1 to Model 2 (from 18% to 36%). Overall, the above results showed 

that the “Solar Power” lesson with its activities as part of the FoF curricular unit 

improved students’ knowledge about solar power systems. Parallel to the above results, 

the interviews showed that both Learnscape and Non-Learnscape school students had 

fun learning outside. In response to the question that asked about her feeling and 

thinking about the lessons she had outside, Amelia from Learnscape school students 

said:  

I really liked whenever we made the houses, and we got to go outside and let the sun 

power the little light bulb. … I thought that was kind of cool because it was like you got 

to see how solar panels work in action, and so I thought that was pretty cool.  

And as another example, Ava from Non-Learnscape school mentioned: “I liked them. 

They were one of my favorite parts.” 

Comparing the schools (Model 1 and Model 2) 

Our second research question was: “Do elementary students gain an increasingly 

sophisticated understanding of solar energy systems across the unit, and are these 

outcomes higher in the Learnscape school?” To investigate the effects of Learnscape 

features (solar panels, converter, battery, wires, and outlet) in response to the second 

part of the above research question, Table 11 shows the results of Mann-Whitney U test 

for differences between Learnscape and Non-Learnscape schools in Model 1 and Model 
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2 drawings (before and after the “Solar Power” lesson). From this table, we can find that 

the results of the two schools were significantly different only for explanatory levels in 

Model 2 drawings (𝑝 = 0.046). Figure 14 shows the average drawing scores for all 

three levels of components, sequences, and explanatory for Model 1 and Model 2. 

Comparing the explanatory level between the schools in Model 2 drawings shows that 

the average score of Learnscape school was higher than the average score of Non-

Learnscape school (𝑝 = 0.046).  

Table 11 Mann-Whitney U test results for Model 1 and Model 2 (differences between the schools)  

 Model 1 Model 2 

 components sequences explanatory components sequences explanatory 

Mann-Whitney U 945.500 987.000 783.500 944.000 953.000 767.500 

p 0.317 0.490 0.387 0.160 0.169 0.046 

 
Figure 16 Average drawing scores within each level of the rubric, by school and Model 1 vs. Model 2.  

From Figure 14, we can see that the average drawing scores of Learnscape school 

increased by 0.68, 0.35, and 0.85 for the levels of components, sequences, and 

explanatory, respectively. However, in the Non-Learnscape school, the average drawing 

scores increased by 0.62, 0.22, and 0.13 for the levels of components, sequences, and 

explanatory, respectively. It shows slight differences between the schools in components 

and sequences levels, but a substantial difference in the explanatory level. To have a 
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clear understanding of these differences, we defined another improvement score by 

subtracting Model 1 from Model 2. We used Man Whitney U test to compare the 

improvement scores of the schools. As shown in Table 12, only the improvement scores 

in the explanatory level are significantly different between Learnscape and Non-

Learnscape schools. Figure 15 shows the average improvement scores for the three 

levels of components, sequences, and explanatory. This figure shows that Learnscape 

school was significantly higher than Non-Learnscape school only at the explanatory 

level (𝑝 = 0.013).  

Table 12 Mann-Whitney U test results for differences between the improvement scores (Model 2 – Model 1) 

 components sequences explanatory 

Mann-Whitney U 1066.500 962.000 592.500 

p 0.959 0.346 0.013 

 
Figure 17 Average improvement scores (Model 2 – Model 1) within each level of the rubric, by the schools. 

To find out the effects of Learnscape more accurately, in this part, we considered the 

components and sequences that only were visible in the Learnscape. Thus, we chose 1) 

battery, 2) power box, 3) outlet (plug), and 4) converter as the components visible in 

Learnscape, and 1) solar panel to plug, battery, etc. , 2) plug to end-use, and 3) battery, 

converter, etc. to, etc. as the sequences visible in Learnscape. Table 13 shows the results 

of the Mann Whitney U test. Although in Model 1 drawings, there was no significant 
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difference between the schools in the components and sequences visible in Learnscape, 

the results show that in Model 2 drawings, the differences were substantial. Figure 16 

shows that average drawing scores for components and sequences visible in Learnscape 

for Model 1 and Model 2. It indicates that Learnscape school students significantly 

mentioned the higher number of components and sequences visible in the Learnscape in 

Model 2 (𝑝 ≤ 0.010).    

Table 13 Mann-Whitney U test results for components and sequences visible in Learnscape (differences 

between the schools, Model 1 vs. Model 2)   

 Model 1 Model 2 

 components 
visible in Learnscape 

Sequences  
visible in Learnscape 

Components  
visible in Learnscape 

Sequences 
visible in Learnscape 

Mann-Whitney U 1028.500 1032.000 918.000 904.000 

p 0.568 0.611 0.010 0.005 

 

Figure 18 Average drawing scores for components and sequences visible in Learnscape, by school and Model 1 

vs. Model 2.  

At the Model 1 drawings, the average scores of the Learnscape and Non-Learnscape 

schools for the components visible in Learnscape were 0.16 and 0.12, respectively. The 

average drawing scores of the Learnscape and Non-Learnscape schools for Model 2 

drawings in components level changed to 0.33 and 0.09, respectively. Comparing the 

results of Model 1 and Model 2 drawings, we found that the scores of Learnscape school 

students improved by about 106% (1.06 times). However, we saw a reduction of 25% 
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(0.25 times) for the students of Non-Learnscape school. These results suggest that the 

features of the Learnscape did indeed influence the Learnscape students’ model 

drawings. This analysis captures a shorter period of time before and after the module on 

solar energy. These numbers also point to the importance of curricular unit, given that 

Learnscape students in the Pre-condition mentioned the “visible in Learnscape” features 

less than the comparison school even though Learnscape students had visual access to 

the Learnscape well before the curricular intervention. 

At the sequences level, we found that at the Model 1 drawings, the average score of the 

Learnscape and Non-Learnscape schools for the sequences visible in Learnscape were 

0.32 and 0.19, respectively. These scores for Model 2 drawings improved to 0.51 and 

0.12 for Learnscape and Non-Learnscape schools, respectively. The same analysis 

showed that from Model 1 to Model 2 drawings, the scores of Learnscape school 

students in the sequences level improved by 59% (0.59 times). However, the scores of 

Non-Learnscape school students decreased by 58% (0.58 times). These results show that 

students who were exposed to Learnscape and its equipment could mention the higher 

number of sequences (visible in the Learnscape) in the solar power process than the ones 

who weren’t.                      
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Figure 19 Post drawing of one of the Learnscape school students. 

As considerable evidence to show the relation of the students’ model drawing with the 

Learnscape, Waylon in his interviews when was trying to explain his Post drawing 

(Figure 17) mentioned: 

So this is a Learnscape. Here are the seats, and the solar panels here. And when we 

were doing the thing with the solar panel, trying to light the light in their tiny house, I 

knew where the sun was, and I saw where the solar panels were, and I know where the 

boxes. It went over here, and then the giant lawn pipe thing goes over here. And then 

the outlets over here. But I didn't draw that. I think I forgot to draw them. 

Furthermore, Learnscape school students significantly gained a higher average score in 

the explanatory level (𝑃 = 0.046) compared to Non-Learnscape school students. This 

superiority might be because of the fact that Learnscape students had more accurate and 

comprehensive explanations than Non-Learnscape students. For example, Non-

Learnscape students explained their ideas using simple sentences like: “We are not using 

non-renewable energy” or “it helps the environment because it is renewable energy,” or just 

“no pollution.” On the other hand, Learnscape students used more completed sentences 
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like: “it makes clean energy … and not polluting the air”; or “it does not use fossil fuels … also 

it does not pollute the air at all”; even better, “you are not using any kind of non-renewable 

energy like coal, petroleum and more.”  

Checking back the drawings related to explanatory level, we found that the number of 

intended phrases’ appearance at Learnscape school drawings (i.e., air quality, pollution, 

global warming, etc.) has increased by about 37% from Model 1 to Model 2 (from 14% 

to 51%). However, this improvement for Non-Learnscape school was only 6% (from 

21% to 27%). This result is in line with the above data analysis that shows the 

improvement score of Learnscape school in the explanatory level was significantly 

higher than Non-Learnscape school (𝑃 = 0.013). It clearly indicates that the Learnscape 

school students had much higher growth in explanatory level than Non-Learnscape 

students. This difference was evident in the students’ explanations. For example, Emmet 

from Non-Learnscape school in his drawing of Model 1 mentioned that “It saves oil 

which is a non-renewable resource and it has everlasting power.” In Model 2, he said that “It 

helps the environment because it is renewable energy.” This example shows little difference 

between Model 1 and Model 2 in Non-Learnscape school. 

On the other hand, as an example for Learnscape school, Brandon, in his Model 1, 

mentioned that: “we’re not using as many other materials.” This sentence shows that he 

knew a bit but not clear in Model 1. However, in Model 2, he said: “It doesn’t use any 

non-renewable resources,” that shows his higher level of awareness in Model 2.  

Another noteworthy thing about Model 2’s explanatory writing was the occurrence of 

some misunderstandings and confusion in Non-Learnscape students. For example, 
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Sophie had no explicit mention of renewable and non-renewable kinds of energy. She 

mentioned that: “less renewable energy is used if you use non-renewable energy.” As another 

example, James said: “solar energy helps plants grow if you use biomass smoke can kill 

plants, and to get biomass, you chop down a tree.” Also, Anna mentioned something 

interesting. She said: “so, we can save light energy.” These types of confusion and lower 

use of energy terminology were more common in the Non-Learnscape versus the 

Learnscape student explanations.            
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Chapter Five: Discussion 

FoF Curricular Unit Effects  

One of the major questions addressed in this study was whether the use of the FoF 

curricular unit would improve students’ energy literacy outcomes (RQ1) in three 

sections of ELK, attitudes, and behaviors. We found that students in both Learnscape 

and Non-Learnscape schools had significantly higher average scores in the post 

questionnaire compared to prequestionnaire except the behaviors section for the 

Learnscape school, which were already high in the pre-condition. Results showed 

overall that the “Fueling our Future” (FoF) curricular unit utilized in this study increased 

the energy literacy outcomes of the students.  

Our results are in agreement with the results of Smith and Motsenbocker (2005), who 

found a significant difference between the Pre and Post scores of students’ science 

achievement for students who attended a hands-on curriculum. However, they didn’t see 

a significant difference between experimental and control classes. Since we taught the 

FoF curricular unit to both school students, we didn’t have any control group in our 

study. The agreement between our results with the experimental classes’ results in Smith 

and Motsenbocker’s research (L. L. Smith & Motsenbocker, 2005) shows that an 

appropriate curricular unit enhances the students’ literacy knowledge. Furthermore, our 

results are in line with the findings of Cervetti et al. (2012). They declared that an 

appropriate curricular unit increases student’s science learning outcomes. Science first-

hand experiences and literacy are the best tools to inquire about the natural world 

(Cervetti et al., 2012). Furthermore, our results are a proper piece of evidence that 

confirms Zangori and Cole’s claim (Zangori & Cole, 2019) that using green 
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infrastructure for sustainability education requires an appropriate curricular unit. 

“Increased formal green building curricular unit and engagement by educators will be essential 

for weaving green building themes into science and environmental education” (Zangori & 

Cole, 2019, p. 19).                 

The next major question addressed in this study was whether there is any difference in 

the energy literacy outcomes between Learnscape and Non-Learnscape schools. Overall, 

we found that students who experienced Learnscape had higher energy literacy 

knowledge (ELK) compared to the ones who hadn’t this experience. However, we didn’t 

see a significant difference between the schools in the Attitudes and behaviors 

dimensions. Our results are in good agreement with the results of Cole (Cole, 2015). 

Cole’s findings revealed that TGBs’ students and students of a school with numerous 

green features outdoors had significantly higher green building knowledge scores 

compared to non-green building school students. Furthermore, in line with our findings, 

Cole’s results showed that there was no significant difference in the students’ 

environmentally responsible behaviors between the green buildings and non-green 

building students. External social and physical environments, as well as students’ 

environmentally home practices, were the factors that affect the students’ pro-

environmental behaviors (Cole, 2015).           

Students’ Understanding about Solar Energy System and Learnscape 

Effects 

Our second major question addressed in this study was whether students gained a 

sophisticated understanding of solar energy systems. To answer this question, we carried 

out the framework utilized by Zangori and Cole (2019), we designed a rubric to test 
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students’ science literacy via: a) what elements 4th-grade students represented 

(components), b) how they could demonstrate the links between the components 

(sequences), and c) how much extent students were able to discuss about the effects of 

using solar systems on the environment. We found that students in both Learnscape and 

Non-Learnscape schools had significantly higher mean scores in the post-drawings 

compared to pre-drawings in all three levels of components, sequences, and explanatory.  

It shows the beneficial effects of the outdoor education program because of hands-on 

and experiential learning (Waliczek et al., 2003). Where students can think critically and 

creatively (Dyment, 2005; Waliczek et al., 2003), and consequently, higher-level 

learning happens (Waliczek et al., 2003). The results were similar to the study done by 

Ting and Siew, 2014 (Ting & Siew, 2014). Outdoor school ground lessons (here, Lesson 

5 of the curricular unit) have better effects on the students’ scientific curiosity (Ting & 

Siew, 2014). Also, outdoor programs lead to higher cognitive gains compare to indoor 

learning (Fägerstam, 2012; Ting & Siew, 2014). When the base and content of learning 

changes from an indoor classroom with a “book-centered environment” to an outdoor 

one with a “nature-centered environment” in the school ground, the content would be 

more meaningful for students (Dyment, 2005, p. 30). 

Since children have a high-level of interest by nature (Soh & Meerah, 2013), The hands-

on lessons provided for the students in this project (active and passive solar energy 

systems) gave them the chance to perform their own activities and explore their own 

research (Roberts & Galloway, 2005). It is what declared and encouraged by Soh and 

Meerah (2013) to boost and elevate science literacy. Helping students to build a more 

complex cognitive structure, helping them to apply process skills to solve daily 
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problems, and motivating them to link their new knowledge to previous ones might be 

some of the beneficial effects of outdoor school-based places like Learnscape (Ting & 

Siew, 2014).  

We additionally found that Learnscape school students had higher scores than Non-

Learnscape school students in explanatory level. Also, Learnscape school students 

significantly had higher scores in the components and sequences visible in Learnscape. 

It shows that the chance to learn in the Learnscape enhanced the students’ understanding 

of solar energy systems. Based on the theory of experiential learning, students make 

knowledge through direct experiences (Kolb, 1984). Based on this theory, in grasping 

experience, students perceive new information through “experiencing the concrete, 

tangible, felt qualities of the world” (D. A. Kolb, Boyatzis, & Mainemelis, 2001, p. 3). 

Teaching the students in the Learnscape provided them this opportunity to experience 

the solar system prepared in the Learnscape directly. Also, in transforming experience, 

students learned by reflective observations when they were listening to their teacher 

talking about solar power system in the Learnscape and mastered by active 

experimentation when they were engaging in the solar system activities (D. A. Kolb et 

al., 2001). Therefore, students who learned in the Learnscape had a better and more 

sophisticated understanding of the solar systems. Thus, students could match what they 

learned theoretically about the solar systems with the real ones in the Learnscape as 

theoretical concepts can be paired with real-life examples in the outdoor settings (Ting 

& Siew, 2014). Learning by experience is the best and permanent type of learning (Acar, 

2014).   
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From the viewpoint of teaching green buildings (TGBs), the results gained in this study 

were aligned with the results of Cole and Hamilton (2019), where students in green 

school got higher green building knowledge (GBK) scores compared to students of non-

green building school. Dwelling the green building (Learnscape in this study) enhanced 

students' knowledge about features and systems of green building, and students could 

describe the benefits of these features easier (Cole & Hamilton, 2019). This 

“fundamental knowledge” helped Learnscape school students to find out “what and 

why” of the Learnscape and “how to engage” in Learnscape practices (Cole, 2019, p. 3).  

From the viewpoint of place-based education, when space (Learnscape in this study) 

helps to experience learning, it can be referred to as a place (Fägerstam, 2012). Learning 

inside this place and about it invokes meaningful learning (Fägerstam, 2012). Therefore, 

we saw that students who learned about solar energy systems in the Learnscape - where 

solar panels embedded in its design – could gain higher scores. It was because this place 

prepared a “direct contact” between the students and the purpose of the study 

(Fägerstam, 2012, p. 24). Furthermore, place-based education emerges from the unique 

features of the place (le Roux, 2014). Thus, an intelligent place-based approach can be a 

proper way to connect people with local environments (Khadka et al., 2020). In this 

study, students who had “direct contact” with the solar system in the Learnscape could 

indicate the linkage between the different components and their sequences more 

accurately.  

Although students in both Learnscape and Non-Learnscape schools had acceptable 

scores in the components level, unfortunately, the scores of sequences and explanatory 

levels were lower than what we expected. We might explain it By Piaget’s third 



72 
 

cognitive development stage (age 7-11). Piaget claimed that in this stage, children start 

to conceptualize the accumulated physical experiences to make them for themselves. 

However, children need enough physical experiences to think abstractly (Ting & Siew, 

2014). In this study, because of the lack of time and the training course compactness, 

students might not be able to accumulate enough physical experiences through the 

Learnscape.         

Benefits of the Learnscape 

During our investigation, we found that the Learnscape has some advantages compared 

to the school ground. The first superiority was that Learnscape was much quieter and 

peaceful than the school ground. During the observations, we could see both teachers 

and students in the Non-Learnscape school were annoyed by the busy and crude 

environment in the school ground. Because of the noise of other students, it was more 

difficult for the teachers to focus on their teaching. Also, students had a problem 

focusing on their activities. On the other hand, in the Learnscape, the environment was 

so quiet, and both teachers and students were more comfortable. It should be mentioned 

that the Learnscape location was separated and far from the school playground, so they 

didn’t have noise problems.  

Another advantage of the Learnscape compared to the school ground was the learning 

environment designed for the students in the Learnscape. Students in the Learnscape 

could sit on the seats and use the tables when they were listening to their teachers as 

well as doing their Hands-on activities. However, students in the Non-Learnscape school 

had to sit on the ground (concrete) without any table; and it was difficult for them to 

focus on their learning and hands-on activities. Also, in the Learnscape, there were some 
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boards that teachers could use to hold their posters on the wall. These boards could help 

teachers to explain their lessons easier.     

Aesthetics and visual effects were other viewpoints that help us to explain the 

advantages of the Learnscape. Learnscape is a place designed for training. The shape of 

the gardens, the pathway, The seats, and tables’ shapes and locations, the solar and water 

conservation systems all designed in a way that encourages students to use and occupy 

the place. During the observation, we found out that in the Non-Learnscape school, 

when teachers asked students to go out of the classroom to do the hands-on activities, 

some students were not eager and looked like why we should go outside for this activity. 

However, in our observations we could see that Learnscape school students welcomed 

going to the Learnscape. They looked like they knew why they were going to the 

Learnscape and showed their consent by joy and happiness.         

Limitations 

As with all classroom-based research, this study had several limitations that should be 

addressed further. First, teachers who are going to teach in Learnscape should be trained. 

Teachers’ level of participation affects the students’ learning (L. L. Smith & 

Motsenbocker, 2005). As Rickinson et al. considered the teachers’ confidence and 

expertise as a critical barrier to teach outdoors (2004), teacher's confidentiality is an 

essential factor that affects the teaching performance in the Learnscape. Although we 

provided the “Fueling Our Future” curricular unit for the teachers, our observation 

declared that teachers were not thoroughly prepared to teach energy literacy indoors or 

out. Even though, in some cases, there was a significant difference between the two 

schools, we could see that some other cases were not significantly different. As an 
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example, we had predicted a significant difference between the two schools in the 

drawings’ sequences level.  It was because students who learned in the Learnscape had 

this chance to investigate all the solar system components and their links. However, 

during the observations, it was found that teachers didn’t mention the Learnscape 

equipment and their connections appropriately. Students might not get the full benefits 

of the hands-on activities because of this gap in instruction (L. L. Smith & 

Motsenbocker, 2005). We additionally observed one or two instances of incorrect 

energy instruction during classroom observations. For optimal outcomes, teacher 

training should be provided for both energy themes and the use of outdoor classrooms 

(Dyment, 2005). To help teachers be prepared for teaching environmental issues, 

professional development is imperative (Li, Monroe, Oxarart, & Ritchie, 2019).       

As another issue, there was no clarified schedule for occupying the Learnscape. In some 

activities, one class was coming to the Learnscape in the middle of the other class 

teaching. We observed that this inconsistency distracted both the teachers and students. 

As another problem, all three classes were occupying the Learnscape together. We could 

see that students had difficulties to focus only on their teachers (not the other teachers) 

and follow their teaching. Also, during the observation, we found that students were able 

to use the Learnscape only when they were in the Learnscape for the hands-on activities. 

Although we could see students’ enthusiasm for using the Learnscape, it was difficult 

for teachers to manage the time, letting students be in the Learnscape and explore the 

place themselves.  
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Conclusion 

More than ever, in human history, today’s human society suffers from environmental 

issues and climate change. Recent massive tsunamis, destructive floods, and forest fires 

are part of environmental problems and climate change that not only put today's humans 

in trouble but also endangers the future of all of our planet. Therefore, environmental 

issues and global warming should be addressed extensively. In the historic Paris 

agreement about climate change that happened in 2016, almost all the globe 

unanimously agreed to cooperate, keeping a global temperature rise in this century 

below 2 degrees Celsius, or even further to 1.5 degrees Celsius (UN, 2020a). A great 

way to achieve this goal is environmental sustainability, which prepares clear criteria 

about consuming non-renewable resources, the rate of pollution, and the consumption of 

renewable resources (Daly, 1990).  

Recently, the United Nations developed 17 sustainable development goals, which the 

fourth one is education (UN, 2020b). The sustainable environmental education of 

children is crucial since the motivation to be environmentally friendly is formed in 

childhood (Otto & Pensini, 2017). As part of environmental education, science 

education in the field of energy is necessary to improve elementary school students’ 

literacy about energy, its renewable and non-renewable kinds, and the conservation of 

energy resources. Energy literacy is a requirement for environmental sustainability.   

As a result, in this study, we addressed how the energy literacy of students can be 

affected by the built environment and an appropriate energy-related curricular unit. So, 

we identified the potential for an outdoor classroom (Learnscape) with installed PV solar 
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system together with a six-week energy literacy curricular unit to enhance energy 

literacy outcomes for elementary students.  

Doing this research, we asked two elementary public schools to participate, one with a 

Learnscape with green features as the quasi-experimental group (n=42), and the other one 

without any access to Learnscape as the control group (n=63). We prepared a proper 

energy-related curricular unit to increase the students’ knowledge about the sources of 

energy, its utilization, different types of energy, renewable and non-renewable kinds of 

energy, and solar power. The curricular unit had seven lessons with various hands-on 

activities to increase students' knowledge about energy from the ecosystem to the oil 

supply chain. This curricular unit was aligned with the Next Generation Science Standards 

(NGSS) for fourth-grade students (NGSS, 2013) and was capable of being taught in both 

the outdoor and indoor classes. We collected our data from four different methods of 

questionnaires, model drawing and written narrative, student interviews, and observations. 

We separated the questionnaire data into three dimensions of energy literacy knowledge 

(ELK), attitudes, and behaviors. We used Classical Test Theory procedures for ELK 

questions and Principal Axis Factoring with Varimax rotation for attitudes and behaviors 

ones. Also, we carried out the Cronbach’s Alpha for the reliability analyses. To analyze 

the students’ drawings, we used Visual Content Analysis. We designed comprehensive 

rubrics at three levels of components, sequences, and explanatory to capture the three 

dimensions of energy literacy. Also, we checked the inter-rater reliability using 

Cronbach’s Alpha. Although interviews and observation data were not our primary data 

source, they were used to understand how the lessons might have varied across classrooms 

and assist with the interpretation of students drawing and questionnaire data. We utilized 
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non-parametric methods to analyze our quantitative data for questionnaires and model 

drawings data. We carried out the Wilcoxon signed-rank test to find the differences over 

time and used Man-Whitney U tests to find out the differences between the schools.     

The first major question addressed in this study was whether the use of a proper 

curricular unit would improve students’ energy literacy outcomes and whether there is 

any difference between the students’ outcomes of the schools. We found that in all three 

sections of ELK, attitudes, and behaviors, Non-Learnscape school students had 

significantly higher average scores in the post questionnaire compared to 

prequestionnaire. However, Learnscape school students had significantly higher scores 

in ELK and attitudes. The Learnscape school students’ scores in the behaviors section 

didn’t improve substantially because they were already high in the pre-questionnaire.  

Also, we found that students who experienced Learnscape had higher energy literacy 

knowledge (ELK) compared to the ones who hadn’t this experience. We didn’t see a 

significant difference between the schools in the attitudes and behaviors dimensions. 

Overall, our findings show that the energy-related curricular unit utilized in this study 

increased the energy literacy outcomes of the students. This finding complements the 

Zangori and Cole’s conclusion (2019), where they explicitly stated that in addition to the 

green building structure, a proper curricular unit with educators’ engagement is 

necessary to enhance students’ green building literacy using the building’ green features. 

Our second major question addressed in this study was whether students gained a 

sophisticated understanding of solar energy systems and whether this improvement was 

higher in the Learnscape school. We found that students in both Learnscape and Non-
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Learnscape schools had significantly higher mean scores in the post-drawings compared 

to pre-drawings in all three levels of components, sequences, and explanatory.  

We additionally found that Learnscape school students had higher improvement scores 

than Non-Learnscape school students. It shows that the chance to learn in the 

Learnscape enhanced the students’ understanding of solar energy systems. Based on the 

theory of experiential learning, Learnscape provided students the opportunity to 

experience the solar system prepared there directly. Also, students learned by reflective 

observations when they were listening to their teacher talking about solar power system 

in the Learnscape. Furthermore, they mastered the solar system by active 

experimentation when they were engaging in solar system activities. Therefore, students 

who learned in the Learnscape might have a better and more sophisticated understanding 

of the solar systems.  

From the viewpoint of teaching green buildings (TGBs), dwelling the green building 

(Learnscape in this study) enhanced students' knowledge about features and systems of 

green building, and students could describe the benefits of these features more 

comfortable. Also, from the viewpoint of place-based education, students who learned 

about solar energy systems in the Learnscape could gain higher scores because 

Learnscape prepared direct contact between the students and the purpose of the study. 

Students who had direct contact with the solar system in the Learnscape could indicate 

the linkage between the different components and their sequences visible in the 

Learnscape more accurately.   



79 
 

During our investigation, we found that the Learnscape had some advantages compared 

to the school ground. First, Learnscape was much quieter and peaceful than the school 

ground. Non-Learnscape school students and teachers suffered from other students’ 

noise in the school ground. On the other hand, in the Learnscape, the environment was 

so quiet, and both teachers and students were more comfortable. The next advantage of 

the Learnscape was its Learning environment. In the Learnscape, students could sit on 

the seats and use the tables when they were listening to their teachers as well as doing 

their Hands-on activities. However, students in the Non-Learnscape school had to sit on 

the ground (concrete) without any table; and it was difficult for them to focus on their 

learning and hands-on activities. Furthermore, from the viewpoint of aesthetics and 

visual effects, the shape of the gardens, the pathway, The seats, and tables’ forms and 

locations, the solar and water conservation systems in the Learnscape all designed in a 

way that encourages students to use and occupy the Learnscape.  

This study had some limitations that were addressed, as well. First, our observation 

declared that teachers were not thoroughly prepared to teach energy literacy indoors or 

out. Students might not get the full benefits of the hands-on activities because of this 

unpreparedness. Second, there was no clarified schedule for occupying the Learnscape. 

In some activities, one class was coming to the Learnscape in the middle of the other 

class teaching. We observed that this inconsistency distracted both the teachers and 

students. Also, when all classes were occupying the Learnscape together, we could see 

that students had difficulties to focus only on their teachers (not the other teachers) and 

follow their teaching. As another issue, we found that students were able to use the 

Learnscape only when they were in the Learnscape for the hands-on activities. Although 
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we could see students’ enthusiasm for using the Learnscape, it was difficult for teachers 

to manage the time, letting students be in the Learnscape and explore the place 

themselves.  

Based on the above conclusions, we recommend future investigations to re-run this 

study with higher levels of teachers' training and find out if it makes any difference. 

Also, further investigations are necessary to understand better how place-based learning 

contributes to the explanatory process. To better understand the implications of this 

study, future studies can address other elements of green building literacy beyond solar 

energy systems. They can expand to more diverse settings.           
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Appendix B: Energy Literacy Questionnaire  

ENERGY 

LITERACY 

QUESTIONNAIRE 

(PRE/POST) 
 

 

 

Name:____________________  

 

Teacher:____________________ 

 

School:____________________  
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Content Knowledge 

 

Recall 

 

Directions: Match the following words on the left with their definitions on the right.  

 

1. Energy                                          

A limited resource that cannot be replaced 

in a short amount of time. 

 

 

2. Fossil fuel 

A non-renewable energy source created 

when dead plants and animals are exposed 

to heat and pressure over millions of 

years. 

 

 

3. Non-renewable resource 

A resource that can be replaced quickly 

and naturally. 

 

 

4. Renewable resource 
The ability of a system to do work or 

cause change.  

Reasoning 

 

Directions: Circle the one best answer for each question. 

 

5. Which of the following is an example of chemical energy? 

a. Gasoline 



100 
 

b. A siren 

c. A street light  

d. Wind 

 

6. What is the original source of energy stored in food? 

a. Consumers 

b. Soil 

c. Sunlight 

d. Water 

7. Which of the following is a non-renewable source of energy? 

a. Biomass 

b. Oil 

c. Water 

d. Wind 

 

8. What is an example of energy transfer? 

a. Your car burns gasoline and makes heat 

b. A domino hits a marble and makes the marble move 

c. A domino hits another domino and makes a sound 

d. You rub your hands together and they warm up 

 

9. Which part of an electrical cord should you use to connect it to and from an outlet? 

a. The appliance 

b. The cord 

c. The outlet 

d. The plug 

 

  

 

 

 

 

10. Which of these likely has the most embodied energy? 

a. An apple you pick from your own tree. 

b. An orange grown in your town that you buy at the store. 

c. Applesauce that is made in another state. 

d. Orange juice made from oranges from a different country.  

 

Directions: Use the flow chart below to answer question 11 and 12. 
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11. At which step of the supply chain is a natural resource removed from the ground? 

a. Gas Station 

b. Oil Well 

c. Refinery 

d. Storage terminal 

12. Which step of the supply chain represents the demand for a product? 

a. Gas Station 

b. Oil Well 

c. Refinery 

d. Storage Terminal 

 

Direction: Use the diagram below to answer questions 13 and 14. 

 

 

13. Draw an arrow in each box to show the direction of energy flow in this food chain.  

 

14. Circle the organism in this food chain that changes light energy into chemical 

energy.  

 

Explanation and Analysis 

 

Directions: Answer the following questions below using complete sentences. 
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15. A. Describe 1 way an ecosystem is example of a system.  

 

……………………………………………………………………………………

… 

 

……………………………………………………………………………………

… 

 

 

B. Use 1 example or piece of evidence to support your answer.  

 

……………………………………………………………………………………

… 

 

……………………………………………………………………………………

… 

 

16. A. How can we power our buildings with the sun? 

 

……………………………………………………………………………………

… 

 

……………………………………………………………………………………

… 

 

B. Describe 1 positive or negative impact on our society, economy, or environment 

of using this approach to power a building. 

 

……………………………………………………………………………………

… 

 

……………………………………………………………………………………

… 

 

17. A. People use different strategies to save energy. These may include:  

 

1. Conserving energy 

 

2. Using energy-efficient technology 

 

3. Replacing non-renewable with renewable resources 
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4. Reducing wasted energy.  

 

Circle 1 of the strategies above to evaluate in questions B and C.  

 

B. Describe one specific action an individual or a community could take to save 

energy using the strategy you circled above. 

 

……………………………………………………………………………………

… 

 

……………………………………………………………………………………

… 

 

C. Explain 1 reason why people should save energy in this way. 

 

……………………………………………………………………………………

… 

 

……………………………………………………………………………………

… 
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Attitudes and Beliefs 

Directions: Select a number to show how much you agree with each statement below. 

One means you strongly disagree and 5 means you strongly agree.  

 

1 = strongly disagree                                              5 = strongly agree 

 

 

1. I know a lot about energy and energy use.  

 

1                         2                         3                         4                         5 

 

 

2. I know how I use energy. 

 

1                         2                         3                         4                         5 

 

 

3. The choices we make about energy affect future generations of people.  

 

1                         2                         3                         4                         5 

 

 

4. The way I use energy personally affects my community and the world. 

 

1                         2                         3                         4                         5 

 

 

5. I find ways to save energy in my everyday life.  

 

1                         2                         3                         4                         5 

 

 

6. I can help solve energy problems by working with others. 

 

1                         2                         3                         4                         5 

 

 

7. I encourage others to save energy.  

 

1                         2                         3                         4                         5 
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Behaviors 

 

Directions: Select a number to show how much you agree with each statement below. 

One means never and 5 means always. 

 

1 = never                                                                              5 = always 

 

 

1. I try to save water. 

 

1                         2                         3                         4                         5 

 

 

2. I walk or bike to go short distances, instead of asking for a ride in the car. 

 

1                         2                         3                         4                         5 

 

 

3. When I leave a room, I turn off the lights. 

 

1                         2                         3                         4                         5 

 

 

4. I turn off the computer when it is not being used.  

 

1                         2                         3                         4                         5 

 

 

5. Many of my every day decisions are affected by my thoughts on energy use.  

 

1                         2                         3                         4                         5 

 

 

6. My family turns the heat down at night to save energy.  

 

1                         2                         3                         4                         5 
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7. I am willing to encourage my family to turn the heat down at night to save energy. 

 

1                         2                         3                         4                         5 

 

 

8. My family buys energy efficient compact fluorescent light bulbs. 

 

1                         2                         3                         4                         5 

 

 

9. I am willing to encourage my family to buy energy-efficient compact fluorescent 

light bulbs. 

 

1                         2                         3                         4                         5 

 

 

10. I am willing to but fewer things in order to save energy.  

 

1                         2                         3                         4                         5 
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Appendix C: Student modeling format   

First Model 

“School name” 4th Grade Class “*” 

“Date” 

 

 

 

 

 

 

 

 

How can the sun power a 

building? 

 

 

 

 

Name:____________________ 

 

Teacher:__________________ 
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How can we use the sun power our 

buildings? 

Use the box on the next page to draw a model that shows your 

understanding of how sunlight can be used by humans to create 

power in buildings.  Think of everything you have learned about 

in your classroom that helps you understand solar energy. 

• Include the most important parts of the system in 

your drawing 

• Label your drawing with words that help us better 

understand your picture 
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Look at the model you drew to help you answer these questions. 

1. My model shows_____________________________________ 

_____________________________________________________________

_____________________________________________________________

_____________________________________________________________

_____________ 

2. This solar energy process works because__________________ 

_____________________________________________________________

_____________________________________________________________

_________________________ 

3. This solar energy process helps the environment because______ 

_____________________________________________________________

_____________________________________________________________

_________________________ 

4. Drawing this model helps me think about___________________ 

________________________________________________

________________________________________________

________________________________ 
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Appendix D: Student Interview Protocol   
 

Student Reflective Grounded Interview Protocol  

Hi, [Student name] my name is Ms./Mr./Dr. ____________. I am a researcher at the 

University of Missouri.  Thank you very much for agreeing to talk with me! Is it okay if 

I audio record our interview? 

 

I would like to talk with you about the things you included in your drawing. There are 

no right or wrong answers for any of the questions we will talk about—I’m in just 

interested in hearing your ideas. Your answers will not affect your grade in your science 

class in any way. 

 

1. Now I have some questions about what you know about energy 

• Do feel like you know a lot about energy? 

i. How have you learned about it before? (Inside or outside school?) 

• What is energy? 

i. What is the difference between energy and power? 

ii. Do you know where energy comes from? 

iii. Where do you think most of the energy in the U.S. comes from? 

iv. Do you know the difference between renewable and non-

renewable energy? (If yes, please explain) 

• How does energy go from the original source to something that humans 

can use? 

• Do you know how to conserve energy in your life?  

i. Do you try to conserve energy in your life? How? 

ii. Does your family try to conserve energy at home? How? 

iii. Do you think you can make a difference by doing these things? 

• Does human energy use affect nature? How? 

• Why are these things important? 

 

2. Why do you think were asked to draw your ideas?  

• Have you heard of a model?  

• Do you think this picture is model? 

• Why would scientists use models? 

 

3. Tell me about your drawing (ask about each element on the drawing). 

✓ For each area ask them:  

o WHAT do you think happens, HOW do you think this happens and 

WHY does this happen? 

o HOW does your model show this? Why did you choose to draw it 

that way?  

o WHAT experiences have you had that help you think about this?  
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[Student name], thank you for sharing your ideas. I enjoyed very much hearing your 

thoughts about energy! Do you have any questions you would like to ask me before we 

finish? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



113 
 

Appendix E: Researcher Observation Protocol 

 

Fueling our Future:  

Researcher Observation Protocol 
 

School:  

Teacher:  

Date:  

Observation Time Start:                       Time End: 

Today’s Lesson Plan:  

Location of Lesson:  Indoor: _____ Outdoor:_____ Both Indoor/Outdoor:_____ 

_______________________________________________________________________

______ 

Researcher/Observer:  

Weather (if applicable): 

Please observe the lesson plan as it unfolds, and collect notes on the following themes: 

Student Engagement & Emotions 

Were students engaged in the subject matter? (High or low energy, did they seem bored 

or eager?) Was it a mix with some students engaged and others not? What is your 

overall impression of engagement? 

 

Did you notice any student emotions that seemed to relate to the learning activities? 

(Delight, anger, frustration, confusion, etc.) 

 

Presentation of Material 

How would you describe the teacher’s style today? What was her mood and level of 

enthusiasm?  

 

Was the material presented in an accessible way to students? Did it seem above their 

heads? Was scientific terminology used and explained? 
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Were there any disruptions or technical difficulties with the learning activities? 

 

Learning Environment 

Is there anything notable about the learning environment today? (Messy/Clean, Too 

hot/too cold, Too much outside noise, etc…) 

 

Other 

What else seems important to note that wasn’t captured above? Did you notice anything 

that would shed light (perhaps affect our interpretations) on the main research questions 

about differences in student energy literacy across schools and over time? 
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Appendix F: Student Recruitment Script 
 

 

NAMES OF RESEARCHERS:  

PROJECT IRB #: 

 
STUDY TITLE: EXPLORING ELEMENTARY STUDENT ENERGY LITERACY 

OUTCOMES IN THE OUTDOOR CLASSROOM: A COMPARATIVE STUDY 

 

My name is … from …. Your teacher is working with us on a research project 

about how students learn about energy. Over the next month you will be learning a 

lot about energy – what it is, where it comes from, how it works to power our cars 

and buildings and also how nature is affected when humans use a lot of energy.  

 

We will be visiting your class during some of your science lessons when you talk 

about these things. We’re trying to learn more about how students like you learn 

about these things and use your drawings to think about how energy works. To do 

this, we would like to look at and talk to you about your drawings and that you will 

be doing at the beginning and end of the lesson. 

 

For us to be able to talk with you about your work, we will ask for your parents’ 

permission.  I will give each of you papers that describe this project.  You and your 

parents should talk about the information that is on the papers in this packet. Please take 

the packet home, give it to your parents, and ask them to read it. If you have questions, 

your parents can call me at the number included in the packet. 

 

On one of the papers, your parents need to sign and tell me whether or not you can 

participate in this project and on the other paper, you need to sign and tell me if 

you would like to participate in this project. Please bring these papers back to your 

teacher. 

 

After we have received the signed papers from your parent and you, it means that we can 

collect copies of your classwork and hopefully invite some of you to talk with us about 

your drawings. 

 

You don’t have to agree to let us look at your drawings and written class work or 

talk with you. It’s up to you. 

 

Thank you so much for letting me visit your class! 
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Appendix G: Child Assent Form to Participate in a Research Study 
 

NAMES OF RESEARCHERS:  

PROJECT IRB #:  

 

STUDY TITLE: EXPLORING ELEMENTARY STUDENT ENERGY LITERACY 

OUTCOMES IN THE OUTDOOR CLASSROOM: A COMPARATIVE STUDY 
 

 

This is a study about how elementary students understand energy systems. This includes 

learning about things like how cars move and how buildings get power. You will get to 

do fun activities indoors and outdoors as you learn about how energy works.  

 

Why YOU are invited 

You are invited to be in this study because your classroom is studying energy systems 

this school year.  

What will happen? 

The study will take place during your normal class lessons about science.  You can 

choose how to participate. Saying yes to Choice 1 allows the researchers to collect your 

homework assignments, drawings, and written activities that you do while you learn. 

Saying yes to Choice 2 allows the researchers to invite you to talk about the drawings 

you make while you are learning about energy. Our talk will last about 15 minutes and I 

will tape record our conservation. 

Choice 1: share your work with the research team   

Choice 2: share your work with the research team and also agree to talk to 

researchers about your drawings for about 15 minutes at the beginning 

and end of the 4-week lesson.   

Can anything good happen to me? 

I don’t know if anything good will happen.  But, we hope that, in the future, other 

people might benefit from this study because examining how elementary students learn 

about energy will help teach students better in the future. 

 Can anything bad happen to me? 

There is no risk to you if you if you agree to be in this study. 
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What if I don’t want to do this? 

If you say you do not want to be in the study, you just have to tell us. No one will be 

mad at you. You can also say yes and later if you change your mind, you can quit the 

study. The choice is up to you and your parent(s) or guardian.  

 

Who will know my answers and/or see my information? 

 

We will do our best to make sure that your classwork and interview information are not 

share with other people. Your parents or guardian will get the information if they would 

like to have it.  

 

Who can I talk to about the study? 

You can ask questions any time.  You can ask now. You can ask later.  You can talk to 
me or you can talk to someone else, at any time during the study. Here is the telephone 
number to reach us: 573-882-3202, Laura Cole, University of Missouri. 

Do you want to be in the study (Choice 1)? 

 YES                                                 NO 

Is it OK if we also interview you about your drawings? (Choice 2)? 

 YES                                                 NO 

 

 ____   

Signature of Child  Date 

 

 ____  

Printed Name of Child   

A copy of this form will be given to you. 
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Appendix H: Parental Consent Form For A Child to Participate in a 

Research Study 
 

 

NAME(S) OF RESEARCHER(S):  

PROJECT IRB #:  

 

STUDY TITLE: EXPLORING ELEMENTARY STUDENT ENERGY 

LITERACY OUTCOMES IN THE OUTDOOR CLASSROOM: A 

COMPARATIVE STUDY 

This research study is about studying student energy literacy outcomes that result 

from a four-week energy literacy unit. We ask your permission for your child to take 

part in this research study and we hope he or she will enjoy and benefit from this in-

depth, engaging unit on energy themes. This consent form tells you why we are doing 

the study, and what will happen if your child joins the study. 

The purpose of this research is to better understand how the energy curricular unit 

together with a supportive physical classroom environment (indoors and out) can 

enhance student energy literacy. The fourth-grade students of two elementary schools in 

Shawnee Mission School District will participate in this study. The first school is 

Sunflower elementary school, where the curricular unit with be enacted in their built 

Learnscape (school-based outdoor classroom). The second school is Mill Creek 

elementary school, where the curricular unit with be enacted in a more typical classroom 

setting. Data will be collected before, during and after the educational program.  

 

This fall, your child will participate in a four-week energy educational program 

which is about sources and utilization of energy, different types of energy, renewable 

and non-renewable energy, and solar power. This program will increase students’ 

knowledge about different types of energy. As part of the curricular unit, students will 

be creating drawings, completing worksheets, and taking a pre- and post-lesson 

questionnaire. If you agree to participate in this study, the research team will collect 

your child’s assessments (homework, drawings, etc.) from this lesson plan to be used for 

understanding energy literacy outcomes across classrooms.  

Additionally, if you agree, your child may be chosen to conduct a short, audio-

recorded interview with the research team to discuss their drawings at the beginning and 

end of the energy unit.  

Therefore, there are two choices for participation:  
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Choice 1: Allow the research team to collect copies of your child’s work 

(including the pre/post questionnaires, drawings, and homework and in-class 

worksheets) for the duration of the energy unit.    

Choice 2: Additionally, allow the research team to conduct a 15-minute audio-

recorded interview with your child to discuss what they have learned (or are 

learning) about energy systems, and specifically energy from solar panels. 

Your child will be in the study for a total of 6 weeks (with a 4-week curricular unit 

and pre/post assessments in the weeks before and after), which will involve 

approximately 15-20 hours of classroom instruction and activities during normal school 

hours. There are no risks to participate in this study. 

Your child also has the option of not participating in this study and will not be 

penalized for his/her decision. If your child does not participate, he/she will participate 

in all of the same educational activities as peers, however, your child’s assessments will 

not be collected by the research team and your student will not be asked to conduct a 

research interview.    

If you have more questions about this study at any time, you can call graduate 

student investigator Sepideh Fallahhosseini at (573) 529-8927 or faculty mentor Dr. 

Laura Cole at (573) 882-3202 or colelb@missouri.edu. You may contact the University 

of Missouri Institutional Review Board (IRB) if you: 

• Have any questions about your child’s rights as a study participant; 

• Want to report any problems or complaints; or 

• Feel under any pressure to have your take part or stay in this study.  

• The IRB is a group of people who review research studies to make sure the rights 

of participants are protected. Their phone number is 573- 882-3181. 

We will give you a copy of this consent form. Please keep it where you can find it 

easily. It will help you to remember what we discussed today. 

Signature of Parent/Guardian 

By signing my name below, I confirm the following: 

• I have read/had read to me this entire consent form. 

• All of my questions were answered to my satisfaction. 

• The study’s purpose, procedures/activities, potential risks and possible benefits 

were explained to me. 

• I voluntarily agree to allow my child take part in this research study. I have been 

told that my child can stop taking part at any time. 

 

My child can participate in Choice 1 (collect your child’s assessments) 
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 YES                                                 NO 

 

My child can participate in Choice 2 (collect assessments and participate in 

interview) 

 

 YES                                                 NO 

 

 

Parent/Guardian signature____________________________________ Date: 

_______________ 

 

 

Child’s Name: _______________________________________ 
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Appendix I: Teachers Consent Form to Participate in a Research Study 
 

NAMES OF RESEARCHERS:  

PROJECT IRB #:  

STUDY TITLE: EXPLORING ELEMENTARY STUDENT ENERGY LITERACY 

OUTCOMES IN THE OUTDOOR CLASSROOM: A MIXED-METHOD 

COMPARATIVE STUDY 

This research is being conducted to better understand how to teach energy literacy to 

elementary students. We will be focusing on the viewpoint of students, but we are also 

interested in your unique viewpoints as teachers who will be delivering the curricular 

unit. When you are invited to participate in research, you have the right to be informed 

about the study procedures so that you can decide whether you want to consent to 

participation. 

You have the right to know what you will be asked to do so that you can decide 

whether or not to be in the study. Your participation is voluntary. You do not have to be 

in the study if you do not want to. You may refuse to be in the study and nothing will 

happen. If you do not want to continue to be in the study, you may stop at any time 

without penalty or loss of benefits to which you are otherwise entitled.  

The purpose of this research is to explore the educational outcomes for students who 

are developing energy literacy using the “Fueling our Future” curricular unit. Further, 

we are interested the experiences and outcomes associated with running this curricular 

unit in a school that has access to an outdoor classroom with visible renewable energy 

technology compared to the teaching of this curricular unit in a more conventional 

educational environment.  

Beyond teaching the “Fueling our Future” curricular unit in your 4th grade 

classroom, you will be asked to participate in 1) a short weekly online survey to report 

progress, and 2) a post-lesson focus group with your colleagues to discuss how the 

implementation went. Researcher observation of sample class periods will not disrupt 

your teaching or require additional effort from you. 

Information produced by this study will be stored in the investigator’s file and 

identified by a code number only.  The code key connecting your name to specific 

information about you will be kept in a separate, secure location.  Information contained 

in your records may not be given to anyone unaffiliated with the study in a form that 

could identify you without your written consent, except as required by law.   

In addition, if photographs, audiotapes or videotapes were taken during the study 

that could identify you, then you must give special written permission for their use. In 

that case, you will be given the opportunity to view or listen, as applicable, to the 

photographs, audiotapes or videotapes before you give your permission for their use if 

you so request. The audio and video recordings will not be shared with anyone outside 

of the research team. 
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If you have any questions about the study or if you would like additional 

information, please call … at … or email …. You may contact the … Institutional 

Review Board that can be reached directly by telephone at … and e-mail …. 

 

mailto:colelb@missouri.edu
mailto:irb@missouri.edu

