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ABSTRACT 
 
Young learners benefit from learning and engaging in nature, but nature-based outdoor learning 
impacts on teachers are less understood. The present study examined elementary school teachers’ 
learning experiences with science instruction in outdoor natural settings. An Outdoor Science 
Education (OSE) program partnered with schools in the southeastern U.S. to provide standards-
aligned outdoor science lesson expeditions for fifth-grade students. Teachers reported their 
participation in expeditions improved their own content knowledge in science and contributed to 
their confidence teaching science and teaching in the outdoors. In addition, teachers reported their 
perceptions of students’ performance in their science classes and on standardized science tests. The 
teachers described their perceptions about how the expeditions improved their students’ 
engagement for learning and behavior in outdoor settings when compared to indoor science 
instruction. They discussed how these changes were most obvious for students who struggled with 
traditional classroom instruction. Using survey and interview data, we discuss the potential for 
teacher learning related to outdoor science instruction. 
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Introduction 
 

Learning science in the outdoors may be particularly effective for young learners, but student 
success depends on elementary science teachers’ instructional practices (National Science Teachers’ 
Association [NSTA], 2020). Outdoor science instruction has shown potential to enhance motivation, 
behavior, and content mastery for many students (Carrier, 2013; Carrier et al., 2014; Szczytko et al., 
2018; Cheng & Monroe, 2012), and outdoor experiences can also support students’ critical thinking 
skills (Ampuero et al., 2015). When science instruction occurs in nature, students can connect directly 
with science’s cross-cutting concepts such as patterns in nature, life cycles, energy flow, and form and 
function (Cooper, 2015; Fägerstam & Blom, 2013; Next Generation Science Standards [NGSS] Lead 
States, 2013). Here we define nature as plants, animals, and other objects and organisms in the 
outdoors not made by people. Further, science instruction in nature supports interdisciplinary learning 
where students connect science with literacy, mathematics, and social studies (Eick, 2012; Junker & 
Jacquemin, 2016; McMillan & Vasseur, 2010). Linking science with other subject areas is known to be 
an effective instructional practice; connects content to students’ lives (National Research Council 
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[NRC], 2000; 2004), motivates students to engage in their learning (Banilower et al., 2010), and 
prepares students for careers in science (Feinstein et al., 2013). While the benefits of outdoor learning 
experiences for students are well-documented (Cooper, 2015; Harvey et al., 2020; Rios & Brewer, 
2014; Wistoft, 2013), less is known about how outdoor learning experiences impact teachers, 
particularly K-5 teachers who often have limited science backgrounds (Smith, 2020). Here we examine 
teachers’ participation in one outdoor science education (OSE) program’s support of science 
instruction at elementary schools in the southeastern United States. Our research questions asked:  
 
1. What are the relationships between elementary school teachers’ participation in OSE 

experiences led by naturalists and their perceptions of their own and their students’ science 
content knowledge? 

2. What are the relationships between elementary school teachers’ participation in OSE 
experiences led by naturalists and their perceptions of science instruction and outdoor 
science instruction? 

3. What are teachers’ perceptions of their students’ engagement in science and behaviors 
following their participation in an OSE program? 
 
We begin with a sociocultural frame, then provide an overview of the documented need to 

support elementary teachers’ science instruction, outdoor learning, and teachers’ expectations of 
student learning. Each of these components positions our study’s focus on teachers as learners.  
 

Theoretical Framework 
 

The present study is situated in Vygotsky’s (1978) sociocultural framework that identifies 
learning as an interactive phenomenon by which people learn through their social interactions. 
Humans develop cognitively through social interactions in guided learning, where participants co-
construct knowledge with other learners (McLeod, 2014). According to Vygotsky, learning occurs 
through interactions with others who possess varying degrees of knowledge. Those with a higher level 
of knowledge are referred to as a “More Knowledgeable Other” (MKO). The MKO may model 
behavior or vocabulary that guides other learners. The MKO does not necessarily need to be a formal 
teacher but may be a peer or a tool (in the case of a computer tutorial program or device) that holds 
more knowledge about a topic than the learner. When members of a group learn and develop together, 
they enact Vygotsky’s concept of MKO (Abtahi, 2017; McLeod, 2014; Moalosi, 2013).  

As with young learners, sociocultural experiences also support adult learners (Wang, 2018; 
Wang et al., 2010). Even though teachers are generally viewed as the MKO relative to their students, 
they can simultaneously share the role of learners with their students. When teachers possess science 
content knowledge and explore ways to share this knowledge with their students, teachers’ own 
learning continues as they hone their instructional practices. Further, science instruction reforms note 
that “learning science involves learning a system of thought, discourse, and practice—all in an 
interconnected and social context—to accomplish the goal of working with and understanding 
scientific ideas” (NRC, 2012, p. 252). In this study, we focus on teachers as learners and examine the 
relationships of their participation in outdoor expeditions with their perceptions of their students and 
of their own science content knowledge and instruction practices.  

 
Literature Review 

 
 The marginalization of science instruction in elementary schools is well-documented and 
persistent. Data from the 2018 National Survey of Science and Mathematics Education (Plumley, 2019) 
suggest that only 18% of primary and 26% of intermediate elementary students receive science 
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instruction on all or most days in a school year. Teachers report challenges that inhibit science 
instruction beyond time limitations that include elementary teachers’ low self-efficacy in science and 
few opportunities for teacher professional development. 

In a recent national survey examining trends in science education (Smith, 2020), only 31% of 
elementary teachers reported they felt well-prepared to teach science. During their teacher preparation, 
only 34% of elementary teachers participated in science content coursework in life, physical, and earth 
science as recommended by NSTA (2012). A comparison of survey data from 2012 to 2018 found 
that elementary teachers’ beliefs about science instruction continue to align with traditional instruction 
rather than reform-based teaching practices. These data indicate a lack of teacher exposure to 
professional opportunities to learn and rehearse effective science instructional practices to support 
their students (Smith, 2020).  

While such findings identify a need for teachers’ professional development in science, less than 
60% of elementary teachers reported participating in science content or science methods professional 
development in the preceding three years, and 24% had never participated in science-related 
professional development (Smith, 2020). Such opportunities for professional development in science 
vary widely and are offered at varying frequencies. When professional development focuses on content 
knowledge and includes active learning, teachers report positive increases in their knowledge, skills, 
and changes in their classroom practices (Garet et al., 2001). 

As teachers build their content knowledge, their knowledge of teaching practices can also 
expand beyond traditional instruction to include reform instruction (Feiman-Nemser, 2008). This 
content knowledge (CK) and the practice of teaching, or pedagogical knowledge (PK), contribute to 
teachers’ pedagogical content knowledge (PCK) (Loughran et al., 2001; Shulman, 1986). Teachers with 
solid content knowledge are often also pedagogically skilled at incorporating effective instructional 
practices such as rich questioning during student engagement in science activities (Anderson, 2002; 
Anderson & Helms, 2001; Kennedy, 1998). Baumert and Kunter’s (2013) model of professional 
competence includes CK, PCK, and PK, as well as teachers’ beliefs about and motivation to teach. 
Park and Oliver (2008) developed an organizational tool of observable components of PCK that 
includes teachers’ “(a) orientations to science teaching, (b) knowledge of students’ understanding in 
science, (c) knowledge of science curriculum, (d) knowledge of instructional strategies and 
representations for teaching science, and (e) knowledge of assessments of science learning” (p. 264). 
Their pentagonal model supports the dynamic nature of teacher development of PCK. 

Helping teachers shift from traditional teacher-centered instruction to reform-based student-
centered teaching demands professional development that provides models and supports ongoing 
teacher rehearsals with this pedagogy (Desimone et al., 2002). In one study that documented teachers’ 
struggles with this shift, teachers designed outdoor spaces for their students as part of their 
professional development. These teachers reflected on their challenges in shifting from teacher-
centered instruction to student-centered instruction (Catapano, 2005). Desimone (2009) identified 
features of effective professional development that include active learning, coherence with classroom 
instruction, content focus, collective participation with PD developers and other teachers, and 
opportunities to practice. While the OSE in the present study is structured for student learning, we 
identify features that served as professional development for teachers, including active learning in the 
outdoors (Glackin, 2016).  

 
 

Outdoor Learning 
 

Researchers have identified the complexity of learning features that inform best practices for 
student learning. In How People Learn II, the roles of environmental, social, and cultural influences are 
described: 
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Learning is a dynamic, ongoing process that is simultaneously biological and cultural. 
Attention to both individual factors (such as developmental stage; physical, emotional, and 
mental health; and interests and motivations), as well as factors external to the individual (such 
as the environment in which the learner is situated, social and cultural contexts, and 
opportunities available to learners), is necessary to develop a complete picture of the nature 
of learning (National Academies of Science, Engineering, and Medicine [NASEM], 2018, p. 
9).  
 

Outdoor science instruction has the potential to support students‘ physical, socio-emotional, and 
mental health developmental factors, and situating learning in the outdoors can motivate student 
learning. Researchers have found that outdoor instruction can improve students’ science test scores, 
support their applications of science content to real-world situations, increase student enthusiasm and 
interest in science, and enhance emotional and cognitive development (Dillon et al., 2006; Lieberman 
& Hoody, 1998; Kahn & Kellert, 2002; Malone, 2008). Such enhanced cognitive and affective 
outcomes (Eaton, 2000) have further been found to improve student attitudes and comfort in the 
outdoors (Carrier, 2009; Cheng & Monroe, 2012) and encourage students’ critical thinking skills 
(Hungerford & Volk, 1990). In an analysis of 18 research articles on outdoor learning, Ayotte-Beaudet 
et al. (2017) found that “when outdoor teaching and indoor teaching are coordinated to complement 
one another, a more positive effect on learning can be expected than when compared to indoor 
teaching alone” (p. 5355). These studies showed that students can make connections beyond the 
classroom when teachers combine outdoor experiences with indoor science instruction. Such shared 
social connections enhance students’ conceptual knowledge by providing students authentic 
applications for their new learning.  

In addition, students’ direct connections to nature have been found to increase their interest 
in and motivation to learn science (Lindemann-Matthies, 2005; Skinner and Chi, 2012; Zoldosova & 
Prokop, 2006). Other researchers have found that sustained experiences in nature can impact young 
children’s attitudes about nature that extend into adulthood (Ewert et al., 2005; Wells & Lekies, 2006). 
By facilitating children’s connection to nature, such experiences have potential to enhance students’ 
lasting interest in science. 

Despite the affordances that outdoor contexts provide for learning about topics such as 
weather patterns or life cycles (Glackin, 2016; Rickinson et al., 2004), teachers rarely situate their 
instruction in the outdoors. Teachers have reported obstacles to outdoor instruction that include their 
limited awareness of outdoor activities, perceptions of a disconnect with instructional standards, time 
constraints, lack of administrative support, classroom management concerns, transportation costs, 
limited resources, and safety risks (Lock, 2010; Palavan et al., 2013). As teachers learn to negotiate 
these challenges, they can provide young students opportunities to engage with phenomena in outdoor 
settings and build a strong base for students’ future learning. 

 
Elementary Science Instruction 
 

Including authentic science experiences in primary grades helps children learn and are the 
context for the present study. Decades of research on teaching and learning science have revealed that 
young children’s scientific reasoning skills are more sophisticated than previously thought (NRC, 
2007). Teachers can capitalize on these findings by providing students with early and rich science 
learning opportunities that focus children’s scientific reasoning skills and help shape their experiences 
and prolong their interest in science. While student interest in science can persist through elementary 
school (DeWitt & Osborne, 2007), studies have found that their interest frequently wanes as they 
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enter middle school (Archer et al., 2010). Children’s early interest in science is a strong indicator of 
their potential to pursue science studies and careers (Maltese & Tai, 2010), emphasizing the need for 
teachers to nurture in students an enduring interest and engagement in science. Significantly, teachers’ 
expectations can influence students’ motivation and performance (Florea, 2007) and play a critical role 
in capturing and nurturing their students’ interest in science. Because students’ K-5 experiences 
frequently establish a trajectory for their future learning, teachers’ expectations and support are critical 
for all students, including those traditionally underserved in science classrooms and careers. Zargona 
and colleagues (2017) identified a need for more research on strategies for meeting the needs of all 
students in inclusion classrooms, and these needs include teachers’ positive expectations.  
 
Expectation Bias 
 

Much research has focused on how teachers’ expectations of students from academically 
stereotyped populations may diminish the quality of instruction they deliver to these students 
(Weinstein et al., 2004). Expectation theories identify the impact of teachers’ expectations on student 
achievement (Cooper, 2000). McKown and Weinstein (2002) found that African American students 
were more vulnerable to negative teacher expectations than their European American peers. Other 
studies have identified that teacher expectations related to students’ gender and ethnicity can influence 
student performance (Retelsdorf, 2015; Rong, 1996; Timmermans et al., 2015). Relatedly, teacher 
expectations for students identified with learning disabilities have been found to impact their ratings 
of students’ personal attributes and achievements (Rubie-Davies, 2006; Sorhagen, 2013; Woodcock & 
Vialle, 2011). When teachers’ interactions with their students extend beyond the traditional classroom 
experiences, there is potential to broaden teachers’ perceptions of their students’ potential. In her 
work with schoolyard learning, Feille (2013) noted that when instruction expands beyond the 
classroom walls, teachers and students share direct experiences in the outdoors that can positively 
impact teacher-student relationships. Situating some science lessons in the outdoors has potential to 
reach students who may not be well served by traditional instruction. The range of experiences 
possible in the outdoors offers opportunities for teachers and students to engage in multiple learning 
modalities making learning accessible to a broad range of students (Eick, 2012; Harris, 2018; Rios & 
Brewer, 2014). 
 

Methodology 
 

This study is part of a larger examination of an OSE program that focused primarily on student 
outcomes (Szczytko, 2018; Stevenson, 2021). The present study extends this work to examine the 
teacher participants’ perceptions of the OSE program’s impact on their students’ science learning and 
on their own learning of science content and science instruction. A mixed methods embedded design 
(Creswell, 2014) was employed in this study. All participants were recruited from the OSE program’s 
database (N = 65).  

The primary data source presented here is qualitative semi-structured interviews (see Appendix 
A) with teachers (n = 30) regarding their experiences in the OSE and their perceptions of their 
students during and after these experiences. In order to supplement the qualitative data, we decided 
to also include survey data to quantify the response categories and identify patterns and tendencies 
with the corresponding qualitative data. We sent a survey request the same sample population of the 
65 OSE teachers, and to protect teacher identity of those who responded (n = 33), we administered 
an anonymized five-question targeted quantitative survey (see Appendix B).  Embedded designs are 
appropriate for these analyses as the additional quantitative data supplements the primary qualitative 
data to provide additional evidence and aid in data interpretation (Creswell & Plano Clark, 2011). This 
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protocol was approved as exempt from the ethics review process by the Institutional Review Board 
for the Protection of Human Subjects in Research (NC State University IRB # 12084IRB).  
 
Study Context 
 
 The context of this study highlights a partnership between one private, non-profit OSE 
program and participating schools, teachers, and students in a southeastern US state. The partners’ 
mutual goals focused on supplementing fifth-grade teachers’ science instruction in the classroom and 
engaging students in outdoor learning experiences. The teachers’ main goals were to enhance their 
students’ science learning, and the OSE program’s primary mission was to excite students about the 
wonders of science in nature situated in outdoor expeditions. These complementary goals positioned 
the OSE program to guide students and their teachers through a host of outdoor activities directly 
aligned with the state’s science standards.  

Schools apply to participate in the OSE program, and once approved, instructors called 
“naturalists” meet with teachers before their first expedition. During these meetings, the naturalists 
and teachers schedule multiple expeditions across the school year, and together they collaboratively 
align their presentation topics with state science standards and teachers’ schedules. In the state where 
the study was conducted, as in many other US states, fifth grade is the only elementary school grade 
where science is assessed; thus, the emphasis on the state’s science standards.  The OSE naturalists 
developed outdoor activities to facilitate students’ engagement in outdoor activities while also 
supporting teachers’ goals by addressing the state standards-based science content that is tested. The 
grade 5 standards include ecosystems, weather, landforms, and life cycles that align well with outdoor 
learning. The OSE naturalists’ science content activities exposed students and teachers to science 
practices as they asked students to generate and interpret evidence, and they scaffolded students’ 
efforts to form explanations of the natural world (NRC, 2012). Their instructional models further 
facilitated students’ connections to cross-cutting concepts such as patterns, cause and effect, structure 
and function, and systems (NGSS Lead States, 2013). 

The naturalists offer each partner school up to nine expeditions per school year, and most 
schools average around five expeditions per year. At least one of the expeditions takes place in the 
schoolyard. More frequently, students and teachers travel to nearby natural areas with the naturalists 
for a day of science learning and engagement in the outdoors. During the expeditions, the classroom 
teachers serve in various roles. Sometimes teachers choose to observe the lessons or serve as 
chaperones to monitor student behaviors, while other times, teachers actively participate in activities 
along with their students.  
 
Participants 
 

Participants in this study were recruited from the OSE program’s participant database. The 
database consisted of 65 teachers whose schools have engaged in expeditions with the OSE program. 
Each teacher was individually contacted via email to request their participation in an interview. Thirty 
teachers agreed to participate in a phone interview (46% response rate); of these 27 respondents 
identified as female, and three identified as male. The teacher participants had participated in this OSE 
program for between one to 12 years, with an average of 3.75 years. A separate email with an active 
link to the survey was sent to the same 65 teachers from the original database to request participation. 
Of the 65 teachers, 33 teachers anonymously responded to the online survey (50.8% response rate). 
In an effort to help teachers feel comfortable in honestly sharing their experiences, we prioritized 
protecting teacher identity; thus, we were not able to align survey data with interview responses. All 
teacher names are pseudonyms. 
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Data  
 
Qualitative  
 

We conducted semi-structured interviews with each teacher participant (See Appendix A). 
Each interview lasted between 25 to 45 minutes, and interviews were audiotaped and transcribed. The 
interviews were conducted by phone, with the majority administered by the second author, who at 
that time was a graduate research assistant. Before the start of each interview, the study’s aims and the 
interviewee’s rights were reviewed. We obtained informed consent from all participants. The interview 
process followed a specific sequence of open-ended questions guided by Vygotsky’s (1978) 
sociocultural learning theory that asked the teachers their perceptions about how participating in the 
OSE programs with the naturalists impacted their learning about science concepts, instructional 
strategies, comfort in teaching science, and teaching in the outdoors (see Appendix A). The base 
questions were supplemented with follow-up questions that allowed the teachers to elaborate and 
clarify their responses.  

 
Quantitative  

 
The online survey (see Appendix B) consisted of response items using a five-point Likert-type 

scale. The survey questions aligned with research questions to identify patterns and support the 
qualitative findings. The teachers were asked their perceptions about to what extent the OSE 
supported their own learning, their comfort teaching science, their comfort teaching science in the 
outdoors, and their perceptions of their students’ science learning and experience in the outdoor 
expeditions. Additionally, teachers were asked to report on their frequency and levels of participation 
in OSE expeditions. The findings provided a more holistic view and context for the qualitative 
descriptions from the semi-structured interviews. 
 
Data Analysis  
 

The interviews were recorded and transcribed, and the transcriptions were coded using a priori 
coding themes (Creswell & Plano Clark, 2011) derived from the research questions and positioned 
within Vygotsky’s framework of sociocultural learning as teachers participated the OSE along with 
their students. Additional themes (See Table 1) emerged from the teachers’ responses and contributed 
to the developing theme of teachers as learners. 

As recommended by Hsieh & Shannon (2005), interview data were used to construct valid 
inferences to understand the teachers’ perceptions of the OSE experiences. The data analysis occurred 
in several phases using an inductive process. Three researchers continuously discussed the coding 
procedures throughout all data analysis phases to assure consistency and provide trustworthiness and 
reliability of the data to ensure the integrity of the research process (Nadin & Cassell, 2006). The 
researchers initially read and coded the same four randomly selected transcribed interviews, then 
compared for coding decisions. The researchers discussed code interpretations and, when necessary, 
the codes were reviewed and revised until interrater reliability (Krippendorf, 2011) reached 90% 
agreement. In the next phase of data analysis, the remaining 26 transcribed interviews were randomly 
assigned to be coded independently by the three researchers. Survey data were analyzed, and 
descriptive statistics regarding teachers’ perceptions of their learning and student learning were 
calculated using Stata 16 software. Correlation coefficients were calculated using Pearson’s R to 
estimate correlations between teachers’ perceptions of their own engagement and learning and that of 
their students.  
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Table 1 
 
Coding Themes and Sample Quotes 
 

Coding Themes Description Sample Quotes 

Science Content Knowledge  Teachers’ perceptions of their and 
their students’ science content 
knowledge  

Also, my own knowledge of local 
botany and wildlife and things like 
that, I have learned. 
 

Instructional Strategies - Science Teachers’ views about science 
instruction 

I just love the fact that it's a way 
for our kids to connect hands-on 
to our environment and to ideas 
about conservation and things 
that are going to be lasting 
impacts...they got to create 
animals out of natural materials 

Outdoor Teaching and Learning The outdoors as a setting for 
teaching and learning 

It's one thing to read about 
ecosystems, [but another] to be 
able to actually be out and see the 
actual things, roll over dead logs 
and then find out what's living 
underneath them 

Teachers’ Views of Students Teachers’ descriptions of their 
students in outdoor learning. 

They were focused, they were 
excited. They listened very well. 
They were willing to do more and 
participate more outside than 
versus inside of the everyday 
paper-pencil. 

Teacher as Learner Teachers’ descriptions of their 
own learning  

Science itself I can teach, but 
being able to connect it to the real 
world in front of them- that was a 
little bit harder for me - so I think 
that improved.  

 
Findings 

 
The teachers’ voices from interviews and survey responses are organized around the coding 

themes that emerged through the inductive analysis process. These findings include teacher interview 
data and patterns from aggregated survey data. 

 
Teachers’ Science Content 
 

The science content of the OSE activities addressed the state’s science standards for grade 5. 
In the interviews, the teachers described OSE lessons on forces and motion, aquatic ecosystems, 
terrestrial ecosystems, weather, energy and matter, and heat transfer. Despite the fifth-grade teachers’ 
familiarity with the science content topics, 23 of the teachers described their learning or “relearning” 
science content by the OSE, both within and beyond the standards topics. Darcy felt that her 
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participation in the outdoor program activities built her “own knowledge of local botany and wildlife,” 
and Valerie explained her own learning from the naturalists, “I feel like I learned a lot just from hearing 
from another science expert.” Some teachers referenced elementary teachers’ preparation as 
generalists and their limited backgrounds in science. Alexandra described teachers learning science 
content from the naturalists’ instruction strategies: 

 
 I definitely think it's [OSE] empowering to a lot of teachers. I have a lot of teachers that are 
on my team that don't know a lot about science. It's been really helpful to them. They've [said], 
‘I had no idea that heat transfers in that way. I had no idea about all these [concepts], about 
the plants.’ 
 

Abby described connecting the outdoor experiences to her indoor science lessons and her learning 
along with her students: 
 

As a teacher and getting outside - and actually participating in the field and the experiments - 
to me, it gives the students and myself so much more actual hands-on than we can do in the 
classroom…Then we bring it back into the classroom and even today during science, we were 
talking about one of our earlier expeditions because we always bring it back. We were talking 
about fungi and talking about how we saw it on our trip. It keeps bringing everything around 
and it's interesting and we all learn from it. 
 

In addition to teachers’ descriptions of their own learning, many described their perceptions of their 
students’ learning science content. 
 
Teachers’ Perceptions of Students’ Science Content 
 

Jaden and Darcy used their students’ performance on standardized science tests as measures 
of students’ science content knowledge. Both attributed students’ strong test scores to their 
participation in the OSE activities. Jaden explained, “The year that we did [OSE], I had the top 20% 
highest scores in the state…My kids were all identified in some way with some label [learning or 
behavior disability]…everyone did well in science.” Darcy said, “We noticed that our scores did go up 
and then we also saw [when] another school in the county dropped it [OSE program], their scores 
went down and ours were still high.” 

Data from the teacher surveys (see Table 2) also indicated that while the teachers felt that 
participation in the OSE program supported students’ science learning, it also supported teachers’ 
learning.  

There was a significant positive correlation between teachers’ perceptions of students’ learning 
and their own learning (r(29) = .47, p <.01). Approximately half of the teachers (45.5%) stated they 
learned “a great deal,” 30% reported that they felt their learning was “only moderately” impacted by 
their participation in the OSE, while 6% (two teachers) reported that they felt that the experience did 
not support their learning at all. During the interviews, teachers who reported learning little from the 
OSE experience explained their already strong sense of self-efficacy in their science content 
knowledge and knowledge of science instruction. The teachers’ reflections of their students’ learning 
followed clear patterns, with twenty-five (75.8%) of the teachers reporting that the OSE supported 
their students’ learning “a great deal.” Only one teacher (3%) reported that the OSE “only 
moderately” supported their students’ learning, and none of the teachers felt that their students failed 
to learn from the expeditions. In addition to the teachers learning science content, many teachers 
described learning from watching the naturalists’ teaching methods. These methods included OSE 
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naturalists asking students to design and build models, connecting interactive activities to classroom 
experiences, and extending instruction beyond the four walls of the classroom, as we examine in the 
next section. 

 
Table 2 
 
Descriptive Data from Surveys 
 

Survey Item Mean  SD Variance 
How often do you participate in the expeditions with your students? 4.6 0.9 0.8 
How comfortable do you feel: 
teaching science to your students? 4.6 0.7 0.6 
teaching science through outdoor experiences? 4.2 0.7 0.5 
To what degree has OSE supported:      
comfort level in teaching science?   3.7 1.2 1.5 
your students' learning?    4.7 0.5 0.3 
your learning?       4.0 1.1 1.2 
Note: Data were collected in a 5-point Likert-type scale of 1 = “Not at all” to 5 = “A great deal” 
 
Instruction Strategies 
 

The teacher participants described various instruction strategies they learned from observing 
the naturalists working with their students that aligned with their standards-based science instruction. 
Valerie said, “I feel like I learned a lot in the way that they presented information and conducted 
activities. I feel like it gave me maybe just a better love of science and how to engage the students in 
science.” Relatedly, Ellen pointed out that situating instruction in the outdoors helps students connect 
science to life outside the classroom. “Giving students the opportunity to explore outside, they can 
see [science] in real-life. Real-life applications.” Robert described similar views of science instruction 
in outdoor settings: 

 
It's one thing to read about ecosystems, but to be able to actually be out and see the actual 
things, roll over dead logs and then find out what's living underneath them, and because when 
we're studying about decomposers, we can actually see them live and experience them. I think 
it just adds a lot to the learning process and they appreciate that opportunity. 
 

He went on to describe his learning instruction strategies from the naturalists, “Just seeing how they 
structure it and how they tie in those standards with the activities. It lets you see a model for how it 
can be.” 

In addition to student engagement in the outdoor lessons, the teachers described the OSE 
expeditions as confidence-building experiences for their teaching and learning in the outdoors. 
Lindsay explained, “Prior to this experience, I had never taken children outside for learning except an 
occasional field trip...I feel much more confident now taking them on expeditions outside.” Bob 
appreciated that the OSE naturalists capitalized on “teachable moments” when he said: 
 

When things get pushed by their [students’] wonderings and understandings beyond what is 
just that objective…they're [naturalists] able to roll with what's interesting to them and pushing 
that envelope rather than just stopping straight at the content. 
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Twenty-three of the 30 teachers who were interviewed described how being outside with the 
naturalists alongside their students influenced their instruction and their learning strategies for 
authentic science activities and “hands-on” learning. Eight of the teachers valued science instruction 
that connected science with students’ lives and used terms like “real world” and “real life” 
connections. Fifteen of the teachers described the interdisciplinary instruction potential of outdoor 
experiences. Ashley explained that the outdoor experiences shed new light for her about “how 
everything is interconnected.”  

 
Learning in the Outdoors 
 

Many of the teachers described learning the benefits of situating instruction in the outdoors. 
Jamie elaborated: 

 
I think they see that science is not just in the classroom...I think that's one of the biggest 
benefits that the students get because they're able to make the connection that you don't have 
to be in a classroom to learn science or to gain new knowledge about science. 
 

Cassidy’s perception of science instruction in the outdoors addressed both cognitive and affective 
contributions of situating science in the outdoors, saying, “I am just reassured that this [the outdoors] 
is a good environment to learn. There are learning opportunities that we wouldn't have in the 
classroom. It definitely sparks their interest and their curiosity.”  

During the interviews, the teachers often spoke about how the OSE experiences expanded 
their own cognitive and affective connections to science teaching. Jaden explained that the outdoor 
experiences positively impacted her feelings about teaching science, “This program has tightened my 
comfort in teaching science. I love it even more.” Darcy also described her learning the critical 
instruction practice of connecting to students’ lives. “Science itself I can teach, but being able to 
connect it to the real world in front of them, that was a little bit harder for me, so I think that 
improved.” Several of the teachers described their experiences with the naturalists taking on the role 
of the MKOs in expeditions. Darcy explained: 

 
When they [OSE program naturalists] teach in the woods, they are not only teaching the 
curriculum, but they're also bringing in local issues like invasive species that I didn't necessarily 
know, so that way I can kind of connect it with something around them a little bit better. Then 
actually applying--like when we did simple machines, and they're [the students] applying it for 
[designing] the bear bag [with pulleys] to hang food and stuff.  
 

Sharon also described her learning science instruction strategies that connect to students’ lives, to 
nature, and to classroom learning: 
 

They’re [OSE program naturalists] actually tying it back to what the students are learning in 
the classroom. I just love the fact that it's a way for our kids to connect hands-on to our 
environment and to ideas about conservation and things that are going to be lasting 
impacts...they got to create animals out of natural materials that were found in the woods, and 
then they got to talk about the adaptations that they had from living in that area.  
 

In describing how participation in the OSE program impacted her instruction strategies, Jamie 
elaborated on her role as learner: 
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I've gained so much information from them and the activities that they provide as well as just 
their knowledge base. I guess I'm almost a student to some degree because I'm taking notes 
and trying to capture their activities that they do so we can recreate them in the classroom. 
 

Relatedly, Lindsay gave a specific example of how participation in the OSE with her students impacted 
her learning about science instruction. 
 

It has definitely helped my teaching. I had mentioned to the OSE instructor that I was 
struggling, and my students were struggling, with understanding motion graphs. When she 
[naturalist] did her activity, everywhere that we walked that day we paused occasionally, and 
she had a student collect the data and created a graph and graphed our own motion.  
 

Jamie and Lindsay both described that they learned science instruction practices from the MKO 
naturalists that tap into students’ creative thinking and active learning. While many variables influence 
teachers’ perceptions of their science teaching and outdoor instruction, the teachers’ learning 
expanded beyond their perceived knowledge of science and instruction strategies. In the following 
section, we document teachers’ descriptions of learning more about their students. 
 
Teachers’ Perceptions of Their Students’ Behaviors and Engagement in Science  
 

In addition to the OSE supporting teachers learning of effective science instruction through 
connecting to students’ lives in the outdoors, the teachers also reported that the experiences altered 
their perceptions of students’ cognitive and affective connections to their learning. Jaden explained 
how her perception of one student changed following the OSE, “Last year we had a kid who was in 
an alternate behavior classroom. The deal was that he could go on the expedition on a trial basis. This 
kid was probably one of the best-behaved kids out there!”  

Margo commented on the potential for outdoor experiences to engage all students in science. 
“I do honestly think that it could encourage students to love science more, especially some of those 
girls who have started to get away from liking science and math.” The teachers often described seeing 
their students in new and different ways. As Reese explained, “We get to take a step back and view 
our students in a completely different environment, with a different teacher and we can just learn 
more about them that way.” In addition to seeing their students’ interactions with different teachers, 
Cassidy described the transition of student behaviors in the outdoor settings saying, “Some of the 
students who don't speak up in class, they were speaking up and were on it. They speak up in the 
outdoors, but not in the classroom.” Lacey had similar observations about her students “They were 
focused, they were excited. They listened very well. They were willing to do more and participate more 
outside than inside with the everyday paper and pencil.”  

Other teachers spoke directly about students who have been identified as learning or 
behaviorally challenged. Jamie noticed that in the outdoors, her students “who are not able to sit in a 
classroom setting without a behavior distraction...those students are engaged, they're willing to 
write...they're willing to attempt more in the participation than they are in the classroom.” Similarly, 
Robert mentioned the positive impact on “students with learning disabilities, again, gets them out of 
a textbook into the world where they're able to see the concepts instead of struggling through reading 
about them.” Margo noted, “I think that makes it easier for kids that have short attention spans to 
stay with what's happening.” The teachers highlighted their students’ affective engagement with 
science content when learning collaboratively in the outdoors.  
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Limitations of the Study 
 

 One limitation of the study is that the teachers self-selected by volunteering to participate in 
the interviews. Selection bias may express itself in many ways, but in this study, it seems most likely 
to occur in a form where the teachers most excited about learning in nature responded. Thus, our 
findings may provide better inference for contexts with highly engaged teachers. Further, self-reports 
of the teachers’ experiences offer a snapshot of the teachers’ perceptions of their science and outdoor 
instruction. In order to ensure teachers’ privacy, we used an anonymous online survey, so we could 
not determine which of the teachers who responded to the survey were also interviewed, thus 
inhibiting triangulation of data. While the data presented here are specific to the targeted OSE program 
participants, it is essential to consider the potential value of teachers’ participation in OSEs to inform 
teacher development and teacher education. 

 
Discussion 

 
While the OSE program in this study was designed to enhance fifth-grade student science 

learning, our research questions focused on teachers’ perceptions of the OSE program’s impact on 
their and their students’ science content knowledge, science instructional practices, outdoor 
instruction, and learning about their students. 

 
Science Content Knowledge 
 

Our first research question asked, "What are the relationships between elementary school 
teachers’ participation in OSE experiences led by naturalists and their perceptions of their own and 
their students’ science content knowledge?” 

The teachers’ survey responses and interviews were consistent in their perceptions that both 
their and their students’ science content knowledge grew from participation in the OSE expeditions. 
Alexandra discussed how elementary teachers must learn to teach all subjects and thus can lack specific 
science content knowledge as documented in national surveys (Plumley, 2019; Smith, 2020).  
Alexandra described how her content knowledge about heat transfer grew as she learned along with 
her students. The teachers’ survey responses also revealed their critical recognition of how the OSE 
program activities were directly linked to their grade level science content standards. 

Our focus on the teachers’ learning connects with research on professional development for 
teachers. The OSE program featured some core characteristics of effective professional development, 
such as active learning, content focus, and collective participation (Darling-Hammond, 2005; 
Desimone, 2009; Desimone et al., 2002; Fischer et al., 2018; Garet et al., 2001; Fishman et al., 2003), 
but as Kennedy (2016) pointed out in her review of 28 studies on professional development, there are 
other factors beyond the design of professional development that influence instructional practices. 
We offer suggestions for addressing other factors in our implications. 

The collective participation of naturalists, teachers, and students aligns with Vygotsky’s (1978) 
sociocultural framework to examine the social connections as teachers in this study accompanied their 
students and participated together in the outdoor expeditions and further aligns with more recent 
learning sciences research (NASEM, 2018). While the OSE program focused on student learning, both 
the teachers and students shared the role of learners with OSE naturalists who served as MKOs as 
they modeled science instruction strategies to facilitate students’ science learning in the outdoors. 
Interestingly, the data provide many examples of ways that the OSE program significantly also 
supported the teachers learning science content. Lindsay explained that she learned about forces and 
motion content from the OSE naturalist, and she further gained knowledge about instructional 
practices from the naturalists’ instructional modeling. The OSE naturalists in the present study 
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partnered closely with teachers and also served as MKOs as they presented outdoor learning activities 
that aligned with the prescribed science standards and supported teachers’ indoor science instruction. 
This critical and participatory design enhanced the experience for the teachers, and the OSE program 
helped maximize the impact on teachers’ perceptions of both student and teacher learning (Ayotte-
Beaudet et al., 2017). 
 
Science Instruction and Outdoor Science Instruction 
 

The second research question asked, “What are the relationships between elementary school 
teachers’ participation in OSE experiences led by naturalists and their perceptions of science 
instruction and outdoor science instruction?" 

In addition to teachers’ perceptions of their increased science content knowledge, the OSE 
program also supported teachers’ science instructional practices, including outdoor instruction. The 
teachers described how their knowledge of content (CK) and pedagogies (PK) expanded and 
contributed to their PCK as they learned new and different instruction strategies for communicating 
science with their students (Park & Oliver, 2008; Shulman, 1986). In addition, this strategic alignment 
of science content knowledge, science standards, and instructional practices addressed many of the 
teachers’ perceived barriers to outdoor instruction. 

Through their participatory collaborations with the naturalists and observations of naturalists’ 
instruction, the teachers in our study described learning how the outdoors can be an authentic setting 
to teach science standards in ways that apply to students’ lives beyond the classroom. The teachers in 
this study recognized that situating science content and instructional practices in the outdoors 
connects science with students’ lives. For example, one teacher described an activity that challenged 
students to consider themselves as campers who need to protect their food from potential bears. This 
lesson moved learning about forces and motion from the teachers’ traditional classroom instruction 
as they asked students to apply these concepts to design a pulley system in tree branches to elevate 
their food off the ground. Another example of an activity that teachers and students experienced this 
collaborative learning context reinforced the concept of heat transfer. In this activity, students were 
asked to apply concepts of heat transfer in their design of a camping stove to make tea out of pine 
needles.  

The teachers’ descriptions of their students’ engagement in content-focused science revealed 
the impact of teachers’ learning new science instruction practices (Desimone et al., 2002; Glackin, 
2016) and the resulting student motivation and interest in science (Dillon et al., 2006; Kahn & Kellert, 
2012; Lindemann-Matthies, 2005; Zoldosova & Prokop, 2006). Our findings support research on the 
effectiveness of outdoor learning as an instructional strategy. Rickinson and colleagues (2004) 
recommended that programs “use a range of carefully structured (outdoor) learning activities and 
assessments linked to the school curriculum” (p. 7). They also identified the potential for school 
grounds and outdoor community projects to impact students’ motivation to learn. Importantly, they 
further describe that, through these outdoor experiences, students may “develop more positive 
relationships with each other, with their teachers, and with the wider community” (p. 6). 
 
Teachers’ Perceptions of Students  
 

The third research question asked, “What are teachers’ perceptions of their students’ 
engagement in science and behaviors following their participation in an OSE program?”  

Most notably, interview and survey data reveal multiple ways that teachers in this study learned 
more about their students. Although teachers reported how participating in the OSE with the 
naturalists helped them learn science content, science instruction strategies, and about using the 
outdoors as a setting for teaching and learning, the teachers’ descriptions of their increased 
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understanding of their students as they learned together in the outdoors may be the most relevant 
impact of their OSE experience. As Vygotsky’s theory suggests, social interaction is a fundamental 
component of cognitive and social development. Human development and learning are guided by 
social interactions as participants co-construct knowledge and engage in their environment within a 
social-ecological system (McLeod, 2014). These experiences provided the teachers an important lens 
to recognize how outdoor learning can target students’ potential and allow students the opportunity 
to assume the role of the MKO with their peers and their teacher, especially students whose traditional 
classroom experiences seemed stagnant. Providing teachers with the opportunity to expand learning 
beyond the classroom exploring outdoor science with their students can motivate both students and 
their teachers.  

The relationship building that can occur during OSE experiences can influence teachers’ 
assumptions about students in ways that have potential to ultimately improve teachers’ instruction, 
improve student outcomes, and challenge teachers’ expectation biases (Cooper, 2000; Florea, 2007). 
Teachers’ relationships with their students impact the learning experiences for both. Woodcock and 
Vaille (2010) explain, “The way in which teachers perceive the students’ behaviour can influence their 
future expectations and responses to students” (p. 178).  

Like Jordan, many of the teachers in this study were surprised by some of their students’ 
positive engagement in the science content and learning in the outdoors, especially those students who 
had previously been identified as having behavioral or learning challenges. Teachers like Reese 
described their students’ positive engagement in the outdoor setting that they had not seen in the 
indoor science classroom (Dillon et al., 2006; Lieberman & Hoody, 1998; Malone, 2008); these 
experiences indicate the potential to influence teachers’ expectations and alter bias of students’ 
learning potential (Woodcock & Vialle, 2011). Another teacher, Margo, confronted her expectation 
biases about girls and science when she said, “I do honestly think that it [outdoor learning] could 
encourage students to love science more, especially some of those girls who have started to get away 
from liking science and math.” 

In this study, as teachers learned science content along with their students, they described an 
enhanced appreciation of their students’ abilities. Two examples where teachers described learning 
from their students were when OSEs asked students to design a pulley to elevate food to protect it 
from bears and when their students developed strategies to make their own tea. In addition to seeing 
the naturalists as MKOs, the teachers in this study were also able to see their students assume MKO 
roles with their peers and, at times, with their teachers as they shared their learning in the sociocultural 
context of reciprocal learning (Vygotsky, 1978). This dynamic illustrates the important MKO role as 
a dynamic interactive/fluid process as the naturalists, students, and teachers take turns as MKO. This 
fluidity seldomly occurs in traditional interactions with students and teachers in a science classroom 
and can promote student-centered instruction (Feiman-Nemser, 2008; Smith, 2020).  

Shared learning experiences can expand teachers’ expectations and attitudes about their 
students (Rubie-Davies, 2010; Weinstein, 2002). The significance of teachers’ increased awareness and 
appreciation of their students’ potential for learning and engagement highlights the benefits of outdoor 
science experiences to encompass the kinesthetic, cognitive, and affective domains of learning 
(Honebein & Honebein, 2015). These experiences further support teacher reflection and integration 
as they build their PCK (Park & Suh, 2019). Though the benefits of OSE for teachers are understudied 
and arguably underappreciated in practitioner settings, this research suggests how OSE programs can 
support both teacher development and student outcomes.  

 
Implications 

 
  Although this study’s findings are specific to this OSE program, these data provide important 
insights for both teacher and student learning. For decades, elementary science instruction has been 
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marginalized by accountability measures focused on other domains, notably reading and mathematics 
(Smith, 2020), yet the need for a scientifically literate society is more relevant than ever. Teacher 
educators and school administrators are responsible for supporting teachers’ science instruction and 
students’ science learning. One of the notable implications is that OSE providers can join teacher 
educators and schools to expand OSE and other science professional development supports for 
teachers. The school community primarily serves students, so it must maintain a keen interest in and 
devotion to resources to supporting teachers’ professional development in science. 

The experience of teachers’ participating in OSE presented here have the potential to inform 
other educators about strategies to access authentic learning opportunities that connect to the natural 
world and students’ lives. Such experiences reinforce sociocultural collaborations with other learners, 
such as local OSE programs, informal educators in museums or nature centers (Tran & King, 2011), 
and science specialist teacher leaders (Herbert et al., 2017). Providing teachers with student-focused 
teaching models in authentic settings has potential to expand teachers’ science content knowledge, 
enhance their instruction strategies that connect to the natural world and to students’ lives, build their 
confidence in science and science teaching, and, importantly, also help teachers learn more about their 
students. As teachers, students, and collaborators connect with nature and learn together in the 
outdoors, they begin to build a rich community of learners. 
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Appendix A 
Interview Questions  

 1.  How many years have you participated in the OSE program including this year? How many 
expeditions did your students participate in? How many of these were schoolyard vs. field 
expeditions? Which topics did you choose? 

2.  Do you attend OSE expeditions? If so, which ones and what was your role during the 
expeditions?  Would you change your role in the future and if so, how? 

3.  Prior to your participation with OSE, how would you describe your comfort with science 
instruction? 

 4.  Did this change during or following the OSE experience? If so, how and if not, why not? 

 5.  Prior to your participation with OSE, how would you describe your comfort taking students 
outdoors for learning? 

6.  Did this change during or following the OSE experience? If so, how; and if not, why not? 

7.  What do you feel are the strongest features of the OSE program? 

8.  What part of the OSE programs did your students most appreciate? 

9.  What do you feel are the features of the OSE program that need improvement? How? 

10.  What part of the OSE program did your students least appreciate or fail to connect with? Do 
you have suggestions for modification? 

11.  Did you notice OSE’ activities connect with some students more than others? Do you have 
ideas/groupings of students who benefit most from the OSE experience? 

12.  What did you notice about your students’ behaviors in the outdoors compared to the 
classroom? Did any students surprise you in their reactions to the outdoor instruction? 

 13.  Do you feel that the OSE experience supported your students’ understanding of science 
concepts specific to 5th grade standards/objectives? 

14.  Do you feel the OSE experience exposed your students to science concepts beyond the 
standards? 

15.  Do you feel the OSE experience impacted students’ attitudes about science? 

16.  Do you feel the OSE experience provided opportunities for you and your students to expand 
beyond science to other disciplines such as mathematics, social studies, language arts, art, or physical 
education? If so how and if not, can you describe how to expand it to be more interdisciplinary? 

17.  Do you have any other comments about the experience you would like to share? 
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Appendix B 
Survey Questions 

 
1. How often do you participate in OSE expeditions with your students? 
Always Most of the Time About half the time Sometimes Never 
2. How comfortable do you feel teaching science to your students? 
Extremely comfortable, Moderately comfortable, Comfortable, Neither comfortable nor 
uncomfortable, Moderately uncomfortably, Extremely uncomfortable 
3. How comfortable do you feel teaching science to your students through outdoor 

experiences? 
Extremely comfortable, Moderately comfortable, Comfortable, Neither comfortable nor 
uncomfortable, Moderately uncomfortably, Extremely uncomfortable 
4. To what degree has the OSE supported you in: 

a. Your science learning 
A great deal, much, moderately, little, none 

b. Support your students’ learning 
A great deal, much, moderately, little, none 

a. Comfort level in teaching science 
A great deal, much, moderately, little, none 

 
 

  
 
 
 
 
 
 
 
 
 
 


