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Abstract

:

Throughout the United States, many institutions of higher education own forested tracts, often called school forests, which they use for teaching, research, and demonstration purposes. These school forests provide a range of benefits to the communities in which they are located. However, because administration is often decoupled from research and teaching, those benefits might not always be evident to the individuals who make decisions about the management and use of school forests, which may undervalue their services and put these areas at risk for sale, development, or over-harvesting to generate revenue. To understand what messages are being conveyed about the value and relevance of school forests, we conducted a systematic literature review and qualitatively coded the resulting literature content using an ecosystem services framework. While school forests provide many important benefits to academic and local communities, we found that most of the existing literature omits discussions about cultural ecosystem services that people may receive from school forests. We discuss the implications of this omission and make recommendations for addressing it.
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1. Introduction


School forests are increasingly threatened by financial concerns of institutions of higher education (IHE). School forests are wooded tracts owned or managed by a college or university [1], henceforth referred to as an IHE. Within the U.S., these forests provide critical benefits, including opportunities for hands-on education for undergraduate students, graduate students, and community members; research sites for a wide range of scholars; opportunities for recreation for members of the IHE community and broader community; spaces to demonstrate new techniques or guidelines in forest management and timber harvesting; and a host of other benefits [2,3].



However, these benefits may not be clear to those who do not interact directly with school forests. Furthermore, recent stories, such as plans to develop Virginia Tech’s Stadium Woods into an indoor athletic training facility [4] and the University of Mississippi debate about leasing its school forest to logging companies to generate revenue [5], call into question whether school forests are viewed as valuable and relevant to broad communities. Additionally, an increasing number of forestry and forest science programs are facing reorganization within their home IHE and, subsequently, a loss of control over their budgets and resources [6]. These trends suggest that school forests may be at increasing risk of sale and development. This leads to a concern that if school forests are not viewed as valuable and relevant to IHE and community members alike, economic risks may continue to increase.



The academic literature is one of the primary information sources for those individuals who make decisions about the management of school forests, because these individuals are often current/former academics. Thus, if we understand how school forests are described in the literature, we may begin to understand how decision makers value them. We conducted a systematic literature review to understand how U.S. school forests are valued and how these values are expressed in academic literature. This manuscript reports on the results of that review and provides a discussion on the relevance of school forests.



While it is common for IHEs worldwide to own other types of natural areas and facilities as well, such as botanical gardens and agricultural lands, we focus this paper on school forests in the U.S. for two reason. First, the creation of school forests in the U.S. grew out of a common history and thus many forests share common missions, which we detail in the body of this paper. Second, as mentioned above, recent trends suggest that school forests may be at risk for sale and development, a trend that we have not observed for facilities like botanical gardens. Our findings will be of interest to those managing school forests in the U.S. They will also be useful to managers of school forests, forested parks, and other protected areas around the globe, as we provide recommendations for policies and practices to increase relevance and, subsequently, support for similar forested areas.




2. Background


2.1. Ecosystem Services Framework


The ecosystem services (ESs) framework is a useful tool for thinking about the benefits that are provided by ecosystems, including school forests, to society [7]. ESs are defined as the characteristics and processes of a given natural environment that support human life [8]. Broadly speaking, research on ESs provided by forests has focused heavily on biophysical services [9], with substantially less emphasis placed on cultural ecosystem services (CESs) [10]. CESs are defined as the “non-material benefits that people derive from human-ecological relations” [11] (p. 206). Biophysical services are often categorized as provisioning, regulating, and supporting services [7] and include services like food production, climate regulation, and nutrient cycling. Although there is consensus that biophysical services are organized into the three aforementioned categories, there is less agreement about what counts as a CES. A review of 10 typologies of CESs revealed the most commonly discussed services: aesthetics, artistic inspiration, bequest, cultural diversity, cultural heritage, education, existence, identity, knowledge systems, recreation, sense of place, social capital, and spirituality [12]. As with most natural areas, school forests are likely to provide a wide range of ESs, both biophysical and cultural. We discuss some ESs widely attributed to school forests in the sections below.




2.2. School Forests and the Ecosystems Services They Provide


School forests have a long history in the U.S., dating to the 1898 founding of the first professional school of forestry, the New York State College of Forestry at Cornell University [13,14]. This first school of forestry was later moved and renamed the State University of New York, School of Environmental Science and Forestry at Syracuse. Its associated school forest consisted of 30,000 acres in the newly created Adirondack State Park and was intended to be used to both introduce students to “practical forest work” and to serve as a research site for “experiments in forestry methods” [15] (p. 31). Since that time, forestry programs at IHEs have been established nationwide, many with associated school forests. Today, many IHEs own one or more school forests, particularly if the institution has a forestry program [1,16].



Most school forests adopted missions similar to the first school forest at Cornell and served as outdoor laboratories for research, field-based education, and demonstration [16]. For example, when Harvard Forest was founded in 1907, its goals were to serve as “field laboratory for students; a research center in forestry and related disciplines, including soils, wildlife biology, geography and botany; and a demonstration of practical sustained forestry” [17]. Similarly, when the University of California Berkeley’s School of Forestry established policies for its Blodgett Forest in 1934, it stated the forest should be used primarily for research, but also for graduate education and as a demonstration site appealing “to both industrial lumberman and owners of woodlots” [18] (p. 739). Thus, these early articulations of purpose acknowledged that school forests provided the ESs of research and education, as well as the potential relevance of these forests to audiences beyond the IHE community.



Today, many school forests explicitly include multiple goals, stakeholders, and audiences, commonly with a three-pronged mission of research, teaching, and demonstration [1]. Given that commonly articulated mission [1], it is perhaps unsurprising that one of the major ESs provided by school forests, arguably the ES most often associated with school forests is as a research site [1,16]. Harvard Forest, for example, was the site of foundational work that explored the impact of land use [19] and natural disturbance [20] on New England forests. The site continues to provide researchers with a location for critical investigations covering a wide swath of disciplines biodiversity studies; conservation and management; ecological informatics and modeling; climate and carbon exchange; historical and retrospective studies; invasive plants, pests, and pathogens; physiological ecology, population dynamics, and species interactions; soil carbon and nitrogen dynamics; and watershed ecology [17]. Harvard Forest is one of many examples of how school forests provide laboratories for scientists to pursue pressing questions across a range of disciplines. The research outputs produced at school forests represent valuable contributions to the scientific community.



Another ES commonly associated with school forests is education, through both the teaching of undergraduate and graduate students as well as demonstrations for landowners and forestry practitioners [1,16]. For example, The University of Vermont’s Jericho Research Forest plays a critical role in forestry education because it functions as a research site for graduate students conducting thesis and dissertation work and it provides an opportunity for students to observe/practice forestry techniques and skills [3]. Fulfilling the triad mission of research, teaching, and demonstration, this forest also hosts multiple silvicultural research and demonstration sites [21]. The University of Idaho’s forest is among many with a long history of providing similar opportunities to students [2]. Both forests engage in demonstration activities designed to share new forestry techniques or emerging science with forest landowners and forestry professionals [2,3]. In addition to their role in supporting research, school forests play an important role in the training of current and future forestry professionals.



Although it is not always articulated in their missions, school forests provide a wide array of biophysical ESs. For example, after the University of Florida acquired the Austin Cary Memorial Forest, managers noted that the mature stands of longleaf pine (Pinus palustris) were providing habitat for the federally endangered red-cockaded woodpecker (Picoides borealis) [22]. As a second example, The Ecosystems Conservancy cited the University of Mississippi’s school forest as one of the most important remaining examples of old-growth longleaf pine forest [5]. A 1985 census of accredited forestry programs showed that 44 IHEs owned, at that time, a collective quarter-million acres of land in the form of school forests [16]. This sheer area suggests that school forests represent an important subset of public U.S. forested lands with a potential range of biophysical ESs.




2.3. Relevance of School Forests


The idea of relevance provides a lens through which to examine how school forests might be perceived by IHEs and broader community groups, regardless of the ESs that they provide. Relevance is a mercurial concept. However, it is solidly an increasingly imperative focus in conservation programs and forest management [23,24,25,26]. Despite the benefits discussed above, there have long been questions about school forests’ relevance to local communities. Indeed, the New York State College of Forestry was defunded after only a few years in large due to public outcry regarding the management of Cornell’s school forest in the Adirondacks. A 1905 paper published in the Journal of Forestry states [15] (p. 36):


The complaints of influential adjoiners regarding this so-called forest devastation, the illegal use of state forests, and the damage to their hunting interest increased. Appreciation of rational forest treatment and of slow growth of values which is characteristic of all forest management, calling for sacrifices in the present in favor of a future, is altogether but little developed in the United States.







More recently, a number of schools have grappled with selling school forests. In 1995, the University of Mississippi considered leasing its school forest to logging companies to generate revenue [5]. Virginia Tech and Clemson University considered utilizing school forests for development in recent years [1,4]. In all three cases, public opposition from community members who viewed the forests as a public good stopped large-scale commercial harvests or proposed disposal (i.e., sale) of the properties for development [1,4,5]. Public perception about school forests matters: it may lead community groups to advocate against or for forests’ protection [1].



Because considerations of the audience for and the substance of relevance are diverse, investigations tend to center on a specific population, such as racial and ethnic minorities, local businesses, or youth groups [27,28,29]. A number of studies about relevance have focused on specific aspects similar to CESs, such as connections to economic vitality, spiritual connection, or health/wellbeing [30,31,32]. In this regard, the CES framework provides a succinct (though certainly not exhaustive) listing of aspects in which relevance could be established and strengthened with diverse audiences.



Relevance is important on a practical level, as greater relevance may lead to greater conservation advocacy. At its core are two fundamental tenets upon which managers can pursue action. The first is that relevance is a process whereby managers identify common goals with a target audience and take action toward these goals [33]. Thus, relevance necessitates managers understanding audiences and incorporating their perspectives. The second is that these relevance-driven managerial actions center on inclusive practices that broaden and deepen sites’ and stories’ resonance, usefulness, or applicability to people’s own experiences and quality of life [34]. For example, broad connections may take the form of managers reaching multiple audiences with school forest programming and deep connections may entail creating multiple engagement points with an audience during that programming.





3. Study Objectives


CESs play a critical role in driving landowner decision making, motivating public engagement with forested areas, and informing land-use planning [35]. In the context of school forests, we theorize that CESs may engender broad and deep relevance. In particular, we posit that CESs, for example artistic inspiration, sense of place, and recreation, may lead to these connections and, subsequently, relevance. We hypothesize, however, that CESs are less documented in the academic literature about school forests.



The academic literature is a major information source for school administrators, i.e., those individuals making decisions about the future of school forests are steeped in academic culture and are likely to place a high value on academic literature and the messages it conveys. Therefore, the goal of this work was to explore the relevance of school forests, particularly as conveyed by sources likely to be consumed by those responsible for delegating institutional and departmental resources. Specifically, this paper explores how school forests are portrayed in the academic literature, and the prevalence and diversity of ESs attributed to school forests in particular.




4. Materials and Methods


We conducted a systematic literature review [36,37,38] to understand how school forests in the U.S. are being portrayed and which ESs provided by school forests are being discussed within academic literature. We use the term “works” to describe the literature we reviewed, which included refereed publications, as well as books, theses and dissertations, conference proceedings, technical reports, and other relevant references. We included all these types of work in our review, recognizing that scientific works come in many publication formats. We, the research team, included faculty, graduate students, postdoctoral researchers, and one forest manager. Several of us have extensive experience working, learning, teaching, and researching at school forests, while others have limited or no experience at school forests. We represented a diversity of areas of expertise within forest-related natural and social sciences, and thus made up an interdisciplinary team. These various roles and expertise allowed us to examine the data from multiple perspectives and paradigms. To conduct the review, we collaboratively listed and agreed on sixteen search terms (below, with asterisks used as a wild card Boolean for alternate search term endings), which were each entered into three databases (Web of Science, Google Scholar, and Agricola):




	
“University-owned forest *”



	
“University-owned” + forest



	
“University-owned” + tract *



	
“University-owned” + “research forest”



	
“University-owned” + “research tract *”



	
“College-owned forest *”



	
“College-owned” + forest



	
“College-owned” + tract *



	
“College-owned” + “research forest”



	
“College-owned” + “research tract *”



	
“University research forest *”



	
“University research tract *”



	
“College research tract *”



	
“College research forest *”



	
“University forest *”



	
“College forest *”








The search was conducted during the spring of 2018, and the review of works took place during the period May 10–June 10, 2018. We examined the first 200 search results for each term and, if results were in excess of 200, continued scanning through the results until finding a block of 50 irrelevant results in a row. The search results (n = 29,302) were then scanned for relevance to this investigation. A result was considered irrelevant and discarded if it did not mention a forest owned by an IHE, it described research conducted outside the U.S., and/or it did not provide an English translation. The search resulted in 176 academic works available for direct download. The search also uncovered an additional 31 works not available for direct download; we accessed these works through Interlibrary Loan. This total of 207 works was then further reviewed for relevance. Seventy-seven works were removed because they either did not focus directly on a school forest or because the research described took place outside of a U.S. state or territory. The final database contained 130 works, indicating that 63% of the potentially relevant works were deemed actually relevant to this investigation through the agreed upon standardized criteria for inclusion (Figure 1). These works represented 43 school forests across the continental U.S. (Figure 2).



To analyze the works in our sample, we employed a qualitative, interpretivist approach to data analysis and interpretation, which is appropriate for dealing with textual data [39]. Therefore, we believe it is important to defend our choice of epistemology and methods. Intepretivist approaches embrace the subjective interpretation of data [40,41]. Indeed, our qualitative analysis (described below) involved subjective interpretation of concepts described in the works in our sample. Such approaches have been used to conduct similar qualitative literature reviews [42]. Most importantly, an interpretivist epistemology and qualitative methods are well suited for investigating complex, interwoven constructs [38,40,41] and thus our approach was well-matched with our study objectives.



To explore our research question, we utilized a list of a priori codes to review the works in the database [40]. These codes were services included in the Millennium Ecosystem Assessment’s lists of provisioning, regulating, supporting, and cultural services [7]. As a group, we added two additional codes: biodiversity and foundational science. Thus the a priori codes were as follows: biodiversity, cultural services, foundational science, provisioning services, regulating services, and supporting services. The final list of codes is outlined in Table 1. We reviewed all the works in the database and assigned one of these codes based on the primary focus of the work. Hereafter, we refer to these codes as “foci” or “focus.” Many sources did not explicitly state a focus on a particular ES. Thus, the primary focus of each work was assessed by the member of the research team responsible for reviewing that work. We coded for primary foci, rather than all foci within a given paper, because we wanted to capture the topics that were given considerable attention and not incidental mentions. During the review process, we held periodic meetings to compare coding and ensure consistency and validity across the analysis [40,41,43]. We additionally noted if works explicitly stated relevance to the follow audiences: IHE administrators, scientists, practitioners, community members, and/or students. Once the review was complete, we performed a review of the coding to ensure inter-author agreement.



Because CESs are potentially important pathways for relevance, we sought to explore which specific CESs were mentioned within the sample. To conduct this analysis, we uploaded the works identified as discussing a CES focus into NVivo 11 software and qualitatively coded the text based on 10 commonly discussed CESs [12]. The works did not explicitly use the term “cultural ecosystem services” but were clearly discussing ideas that we then categorized as CESs. This analysis allowed us to explore which CESs are being discussed in academic works about school forests.




5. Results


We observed unequal distribution of the foci of the works we reviewed (Figure 3). We also observed unequal distribution of the audiences for whom the works had an explicitly stated relevance. The deeper qualitative coding revealed that recreation, education, aesthetics, and sense of place were the only CESs discussed in the works reviewed. We elaborate on each of these findings in the sections below.



5.1. Foci of the Works


Forty works (31% of all works reviewed) had a primary focus on foundational science (i.e., physics, chemistry, biology, and mathematics). These works dealt with the discovery, testing, or exploration of new phenomena, processes, or technologies. For example, one journal article in this category [44] investigated the accuracy of global navigation satellite system (GNSS) technology paired with radio frequency (RF) transmission (GNSS-RF). The authors determined that a number of forest characteristics, as well as topography and obstructions, impacted the accuracy of this new technological approach.



Twenty-one works (16%) had a primary focus on biodiversity. Works with a primary focus on biodiversity focused on the variety of life within a given ecosystem. One paper, for example, examined the impact of fine woody debris on spider diversity and found that decreases in fine woody debris lead to significant decreases in abundance of spiders, while increases in fine woody debrief shifted the composition of the natural community of spiders [45].



Twenty-one works (16%) had a primary focus on provisioning services. These works explored or described ESs that resulted in outputs, such as food, and timber. As an example, one paper explored vegetation response to strip cutting in young hardwood stands. The authors found an increase in both woody and herbaceous biomass within the cut strips [46].



Seventeen works (13%) focused primarily on regulating services. Works with this focus explored ecosystem services that govern natural process, such as regulating water quality. For example, one paper dealt with the impact of rapid leaf temperature fluctuations on the regulation of isoprene emissions. The researchers found that the temperature of and isoprene emissions within white oak canopies exhibited large short-term variation with changes in solar radiation [47].



Seventeen works (13%) focused primarily on supporting services. Works in this category dealt with ecosystem services that are necessary for all other services, such as nutrient cycling, habitat provisioning, and primary production. One journal article, for example, looked at habitat provisioning and its impact on bird species abundance. The authors found that bird species abundance was higher in plots with shrubs than those without shrubs [48].



Finally, the focus with the least number of works (14 works, 11%) was CESs. Works with a CES focus explored the non-material benefits that people get from ecosystems. As one example, a M.S. thesis explored and described the range of recreational opportunities provided by an urban-proximate forest [49]. The author found that outdoor recreation opportunities strongly correlated with individuals’ proximity to the forest as well as with individuals’ preferences for different forest management practices.




5.2. Relevance to Audiences


We observed an unequal distribution of the stated audiences within the works reviewed (Table 2). More works stated relevance to practitioners and scientists, while far fewer explicitly discussed implications for community members and students and none of the works stated the relevance of school forests for IHE administrators. Seventy-six (58%) of the works reviewed explicitly stated that their findings are relevant to practitioners (i.e., foresters, land managers, and other natural resource professionals). Sixty-five (50%) stated relevance to scientists or broadly to the academic community (including contribution to theory). Only 21 (16%) stated relevance to community members (including landowners), and even fewer, a total of four works (3%), stated relevance to students, including K-12 students, college students, and graduate students. Thirty-seven (28%) of the works stated relevance to two audiences (most commonly practitioners and scientists), 12 (9%) of the works stated relevance to three audiences (most commonly practitioners, scientists, and community members), and two (<2%) of the works stated relevance to all four audiences.




5.3. Cultural Ecosystem Services


Only 14 works (11%) focused on cultural services; indeed, it was the foci with the least number of works. Qualitative coding of these works revealed that aesthetics, education, recreation, and sense of place were the only CESs discussed. As examples, one paper focused on aesthetics by exploring scenic preferences of hikers following different forest management practices [50]; another paper focused on community outreach and education through their investigation of the value of forests as the setting for kindergarten learning [51]; a third paper explored recreation options for a school forest [52]; and a fourth paper examined whether and how sense of place was developed in relation to school forests [53]. We did not find any works that focused on artistic inspiration, bequest, cultural diversity, cultural heritage, existence, identity, knowledge systems, social capital, or spirituality.





6. Discussion


From their inception, school forests have provided a range of benefits to local communities and beyond. Sustained institutional ownership and management of school forests has contributed to the continued provisioning of biophysical ESs, and has also benefitted generations of scientists, students, and community members. While school forests provide many important benefits to IHEs and local communities, the results from our review suggest that most of the literature omits discussions about education and other non-material benefits, or CESs, that people may receive from school forests. At the same time, most of the academic works (72%) do not articulate relevant implications to multiple, diverse audiences.



Our results do not support a conclusion that school forests are not providing CESs. For example, although we did not find any works that reported on the CES of artistic inspiration, several authors of this paper have either taken or taught art courses connected to school forests (e.g., a nature drawing class). The prevalence of writing and artistic retreats/camps in school forests, for example Northland College’s Creative Spiritual Forest Retreat [54], also suggests that these are inspirational settings. However, these occurrences are typically not reported via academic works that explicitly name school forests. Rather than suggest that school forests do not contribute to artistic inspiration, bequest, cultural diversity, cultural heritage, existence, identify, knowledge systems, social capital, or spirituality, the lack of these CESs in our results is likely a function of two trends. The first trend is the aforementioned tendency for ES scholarship to focus on the biophysical services and give less emphasis to cultural services. Given that this trend is pervasive across conservation research [9,10], it is not surprising that it holds true within works that address or take place at school forests. Research on CESs is growing [12,55] and it is possible the number of works that report on non-material benefits from school forests will increase over time.



A second, potentially concurrent trend may also be responsible for the lack of reported data on CESs and school forests. That is, community members are not engaging with school forests in large numbers, and thus are not receiving many benefits. Academic institutions have long been criticized for being too insular, an “ivory tower” disconnected from the surrounding community [56]. In fact, some school forests are even fenced-off to protect research projects from being tampered with, such as the Fishburn Forest at Virginia Tech. Our review revealed relatively few academic works that explicitly stated relevance to community members. More broadly, it is possible that community members do not always view school forests as available and, subsequently, do not visit, benefit, or connect with them in meaningful ways.



Both trends have potential implications for the long-term protection of school forests. The disproportionately low emphasis on CESs in the academic literature is important in this context, as this lack of emphasis on CESs from school forests may impact the messaging to decision makers. Other scholars have argued that failure to incorporate considerations of CESs can result in problematic natural resource and land-use policy [57,58,59]. We believe the exclusion of discussions on CESs provided by school forest could impact land use policy at IHEs across the U.S. Such exclusions on a wide scale could play a role in shaping how IHE administrators perceive and value these lands, and how they make decisions about land tenure and management. Of course, not all school forests are equally at risk of sale; indeed, some may even be protected by law or regulation. For example, a portion of the Jericho Research Forest at the University of Vermont is protected by easements initiated by Vermont’s land use and development law, Act 250, to conserve deer yards and archeological sites. Nevertheless, if the academic community does not publish about CESs from school forests, IHE administrators may not view school forests as broadly relevant and may be more inclined to sell or develop lands that are not protected.



If diverse audiences do not readily connect with school forests in relevant ways, as suggested by the paucity of academic literature on or mentions of these uses, these areas are at risk for alternate uses that may impact the forests’ long-term protection. Whereas the relevance of school forests to forestry education and to the generation of scientific knowledge may be valued within forestry departments (primarily through faculty and graduate student research), the relevance of these areas to additional audiences appears more tenuous. When neighbors view school forests as “public assets” [1] (p. 55), they may be more likely to speak out if these areas are put on the chopping block. If it is indeed true that local community members are not engaging with school forests, they may be less likely to protest if and when school forests are considered for sale or development.



Given our results and the possible trends that explain them, we see several opportunities to increase relevance. We suggest each of these opportunities could be institutionalized as formal campus policy, but we also urge scholars and land managers to consider adopting these suggestions regardless of formal policy change. First, our results reveal an opportunity for scholars to investigate more intentionally the CESs that school forests provide. School forests have long served as laboratories for biophysical research, but they also hold potential to support social science investigations. Scholars interested in CESs should consider exploring new and innovative research questions using school forests as the research setting. This would expand the range of research taking place at school forests, making the forests relevant to a wider range of scholars. It would also diversify the scholarship associated with school forests, thus contributing to both messaging about CESs from school forests and the literature on CESs more broadly. We recognize that the focus of research happening at school forests may be driven, at least in part, by funding. Nevertheless, we encourage other researchers and scholars to consider publishing on the non-material benefits from school forests. Publishing would support CES scholarship and increase the perceived relevance of these lands, thereby protecting them from risk of sale or development.



We also suggest that managers of school forests should engage local community members directly to increase the perceived relevance on these areas. Many, if not most, school forests host demonstration activities designed to share new forestry techniques or emerging science with forest landowners and forestry professionals [1,16]. We applaud these efforts and encourage managers of school forests to continue or potentially expand their efforts in this area (i.e., building broad relevance). At the same time, we also suggest that managers consider public interests regarding management decisions. We make this recommendation because when school forests are used by community members, those community members might develop a vested interest in these areas and come to view them as public assets (i.e., building deep relevance); this is likely what ultimately drives advocacy for the protecting these areas [1]. We urge managers to consider the ESs that are important to community members when making management decisions on school forests. In particular, CESs should factor into decision making, as omitting them could result in decisions and plans of limited relevance [11]. Incorporating considerations of community members and the CESs that they derive from school forests into management plans will help build relevance across general and priority audiences [33,34]. For example, explicitly considering the CES of artistic inspiration in school forest plans could facilitate broad connections and community pride across local residents and deep connections to science, technology, engineering, arts, and mathematics (STEAM) investigations possible in these places by local school and youth groups. Thus, managers of school forests should continue outreach to community members while thinking about forest planning with that stakeholder group in mind.



Finally, students are yet another population of individuals for whom relevance could be emphasized. Despite education being a major ES associated with school forests, very few of the works reviewed articulated relevance to education. This may be somewhat expected, as most did not focus specifically on forestry education. Nonetheless, we suggest that forestry programs think critically about designing educational connections to and within school forests. As noted by O’Hara and Salwasser [6] (p. 581):


Forestry is now focused on ecosystems that are analyzed at multiple spatial scales to produce a wide range of ecosystem benefits. Forest science education must embrace these ongoing changes into the curricula and be inclusive of the broader range of faculty expertise needed to encompass the rapidly evolving character of contemporary forestry.







Thus, forestry education curricula would do well to increase their focus on cultural as well as biophysical services, and we suggest school forests provide an opportunity to explore the full range of ESs. As relevant connections are both personal and place-based, education professionals should emphasize the uniqueness of the school forest(s) in their area and encourage students to draw multiple connections to these forests that resonate with their own experiences. This would encourage yet another potential stakeholder group to advocate for school forests if they are at risk of sale or development, and prime future forestry professionals and scientists about the important role of CESs from forests and school forests in particular.



The strategies outlined above will be useful for those working at school forests in the U.S. and beyond. They may be equally useful to managers of forested parks and protected areas outside the realm of school forests. Numerous studies have identified that the major drivers of forest loss and fragmentation are rooted in socioeconomic considerations [60,61]. We argue that CESs could factor into such consideration; if decision makers view forests as providing CESs, they may perceive them as valuable and worth conserving. Thus, increasing the knowledge about CESs provided by forests may increase relevance and, subsequently, increase support for ongoing conservation and protection of areas at risk for sale or development.




7. Limitations


Our methods prioritized academic works that explicitly named a school forest as either the location of their research or the focus of it. There are surely numerous studies that took place at school forests but were excluded by our search terms because they did not explicitly name a school forest. Indeed, there is a number of colleges and universities within the U.S. that own forests but that did not emerge via our search. Some of these institutions are home to well-known and well-established schools of forestry, such as the University of Washington. It is possible this is due to common conventions regarding explicitly naming research sites; some investigators might not feel explicit naming is necessary, particularly if there are many sites. Regardless, of why certain schools did not appear in our search, there are surely many additional works that exist but were not captured in our database because, although they report on research conducted in school forests, they did not identify these forests. This means the number of works included in our database is almost certainly a low estimate of all the possible works that could have been included.



Understanding all the research, teaching, and outreach occurring in school forests in the U.S. would require a greater level of inquiry than we had capacity for (interviews or surveys with faculty, forest managers, and other users; course syllabi; management plans; interviews or surveys with community members; etc.). Because collecting that information for each school forest represented such an undertaking, we focused our efforts on literature to understand what messages are being conveyed via the published research that reports on school forests.



It is important to note that the lack of CESs in the literature likely does not accurately reflect the true efforts to integrate school forests into the social fabric of the larger community. Yet, it does impact the messages that are conveyed about these locations. Finally, examinations of works outside of the target databases (e.g., IHE websites, school forest management plans) were outside of the scope of this investigation. These other sources warrant further study to examine whether patterns of foci and audiences of relevance identified here transcend the boundaries of our investigation.




8. Conclusions


We argue that the value and relevance of school forests must be clearly articulated to both members of surrounding communities and to IHE administrators. This articulation should occur in addition to maintaining current audiences of scientists and practitioners. If IHE administrators do not see the value of school forests, they may be more likely to look at these forests for development potential and revenue generation via harvesting at the expense of other benefits. Similarly, if community members do not see school forests as valuable and relevant, they may be less likely to fight to protect these areas when they are considered for development. We offer a simple call to action for authors across disciplines: specify the forest in which your study is based in your publications. Many investigations in school forests may not have been captured in this review simply because of an aversion to naming study sites. We challenge researchers to more explicitly name locations, at least to the town and forest level, so that the work being conducted in those school forests can be better highlighted and connected to receptive audiences. IHEs should also consider instituting policies to address this; much in the same way that investigators are required to disclose their funding sources, researchers could be required to explicitly name their research sites. This could impact relevance, as the tendency to exclude particular site names to lend a greater perception of generalizability (especially in the natural sciences) undervalues the impact that naming may have on building connections, stewardship, and advocacy with multiple audiences.
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Figure 1. Steps followed to complete systematic literature review. 
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Figure 2. Location and names of forests represented by the works in this review. Names of the forest appear as reported in the works we reviewed. In some cases, forests may have changed names or ownership since publication of the reviewed works (e.g., Cornell College Research Forest, formerly at Cornell University, is now part of the Adirondack Park). 
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Figure 3. Number and percentage of works within each primary Foci. Foci are mutually exclusive. 
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Table 1. Foci and definitions used for categorizing works into a typology.
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	Foci
	Definition





	Biodiversity
	Variety of life in a given ecosystem.



	Foundational Science
	Discovery, testing, or exploration of new phenomena, processes, or technologies.



	Provisioning Services
	Services that result in outputs, such as clean water and food.



	Regulating Services
	Services that govern natural processes, such a regulating climate.



	Supporting Services
	Services that are necessary for all other services, such as nutrient cycling.



	Cultural Services
	Non-material benefits that people get from nature.



	Aesthetics
	Appreciation of the beauty of an ecosystem.



	Artistic Inspiration
	Inspiration from an ecosystem to create art.



	Bequest
	Value of ecosystems for future generations.



	Cultural Diversity
	Reflection of different ways of living and different cultural practices.



	Cultural Heritage
	Connection to traditional places and ways of life.



	Education
	Opportunities for human learning about said ecosystem or about ecological processes.



	Existence
	The satisfying knowledge that a given ecosystem is preserved.



	Identity
	One’s understanding of one’s self as it relates to the ecosystem.



	Knowledge Systems
	Different ways of knowing, such a traditional ecological knowledge.



	Recreation
	Leisure time spent outdoors.



	Sense of Place
	Deep sense of connection to a given ecosystem or geographic area.



	Social Capital
	Forming of social bonds as a result of the ecosystem.



	Spirituality
	Connection to forces larger than oneself.
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Table 2. Number of works that mentions implications for each audience.
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	Audience
	Number of Works
	Percent of Works 1





	Practitioners
	76
	58%



	Scientists
	65
	50%



	Community members
	21
	16%



	Students
	4
	3%



	College administrators
	0
	0







1 Percentages total greater than 100%, as audiences were not mutually exclusive.
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