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Abstract

Changing environmental and social forestry contexts present new challenges for forestry gradu-
ates. In contrast with previous generations, forestry students today must be prepared to handle 
the impacts of climate change and increasing fire severity and frequency, as well as critical human 
dimensions, including the need to collaborate with Native American nations. To explore the ex-
tent to which social and fire science is taught in forestry programs and how it has changed over 
time, we conducted a content analysis of prominent forestry course textbooks used in graduate 
programs in the United States. We found little change between texts published before and after 
2000, except for an increase in discussion of climate change. Of the currently used textbooks, we 
found a significant variation in whether they included discussion of traditional ecological know-
ledge, prescribed burning, combined economic factors, logging, and whether they recommended 
prescribed burning and logging. Given that not all programs offer or require courses that spe-
cialize in these topics, many forestry students may be missing relevant interdisciplinary social-fire 
education that is necessary to handle contemporary and changing forestry issues.

Study Implications: High-severity fires are a pressing concern in the United States and globally. 
Their frequency and intensity are affected by historical and contemporary land management 
practices, climate change, and forest use change—factors that are all influenced by social, political, 
and economic processes. However, our findings, based on an analysis of the contents of prominent 
textbooks used in US forestry courses, along with other research, show that the connections 
between fire and socioecological factors are often neglected in forestry higher-education textbooks. 
This suggests that future forest managers may not be properly prepared to handle changing fire 
regimes as climate change advances and social, political, and economic forces influence forestry 
practices. Thus, our research suggests that required forestry curricula course content should be 
revised to incorporate more coverage of fire science and socioecological factors, particularly 
traditional ecological knowledge and climate change, to prepare future foresters for the emerging 
challenges they will face.
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Since the early 20th century, researchers have con-
sidered what should be included in forestry higher 
education curricula to meet forest industry demand 
on public and private land. One common limitation 
of curricula is the lack of inclusion of social science 
and humanities context and content (Roth 1910, 
Barrett 1953, O’Laughlin 1984, Luloff 1995, Egan 
1996, Fisher 1996, Miller and Lewis 1999, Sample 
et al. 1999). Egan (1996) argues that “we have failed 
to provide students with a perspective on the general 
social environment within which forestry practices are 
conducted” (p. 8). This absence is relevant given that 
forestry science is driven by management goals that 
operate within social, cultural, political, and economic 
systems.

Studies of employer expectations for forestry gradu-
ates report similar patterns and find students are often 
unprepared to handle the human dimensions of for-
estry (Graves and Guisse 1932, Barrett 1953, Dana 
and Johnson 1963, Brown and Lassoie 1998, Sample 
et al. 2015). As higher education curricula in forestry 
remains dedicated to technical skills, students are not 
typically trained to “solve the social aspects of the 
problems they will confront” (Vonhof 2010, p. 414). 
Some of these studies have also reported anthropo-
genic climate change as a missing area in the forestry 
curricula (Bullard et al. 2014, Sample et al. 2015) and 
fire science as an important competency area within 
the discipline (Sample et  al. 2015, Kelly and Brown 
2019). The Society of American Foresters (SAF) 2017 
Accreditation Handbook requires some social science/
humanities, climate, and fire components for forestry 
curricula, but it is fairly vague in comparison with the 
technical components.

Schools of forestry internationally are driven by 
economic directives that tend to focus on timber pro-
duction objectives (Nair 2004). However, this focus 
may be misaligned with the future of forestry (Lierop 
2003, Nair 2004, Sample and Bixler 2014). Forest 
environments globally are changing dramatically be-
cause of climate change, increased fire frequency and 
intensity, extinction of native plant and animal species, 
and invasive insects and disease (Sample and Bixler 
2014). These environmental impacts are consequences 
of human decisions and actions, such as settler coloni-
alism, a capitalist economic structure rooted in ideas 
of unlimited growth, urban sprawl, burning of fossil 
fuels, fire suppression, and institutionalized bureau-
cratic policy structures that are difficult to adapt to 
and change (Clark et al. 2010, Angus 2016). In add-
ition, other current social forces such as international 

agreements (e.g., about limiting greenhouse gas emis-
sions), growth of urban forestry, increasing stake-
holder involvement, new employment opportunities in 
nongovernment organizations, and economic interests 
in nonwood forest products are shifting the forestry 
sector globally (Lierop 2003, Temu et al. 2006, Temu 
and Kiwia 2008). If a successful forester is to effect-
ively manage these changing social and environmental 
landscapes, then they must be educated about the in-
fluences of social factors in shaping how societies think 
about these spaces, what options are available for con-
sideration, and who is at the decisionmaking table.

In the United States, these changes in the forest 
industry become even more complex and pressing 
because of the impacts of high severity fires and 
Native American nations advocating for shared 
decisionmaking. Changing fire regimes create par-
ticular social-ecological management dilemmas, such 
as how to balance the ecological role of fire with the 
encroachment of houses and power lines in fire prone 
environments, address the environmental effects of cli-
mate change, handle changes to ecosystems and food 
stuffs on which tribal communities are reliant, and 
mitigate the smoke impacts to human populations from 
wildfire and prescribed burning. In light of these con-
siderations, it is important to determine the extent to 
which social and fire science is being taught in forestry 
programs and how, if at all, this has changed over time 
with new wildland fire science. Here, we aim to assess 
one aspect of the forestry curricula by examining the 
content of prominent textbooks used in forestry under-
graduate and graduate courses in the United States.

Wildfire classes at colleges and universities are pri-
marily offered by forestry departments; however, not 
all forestry programs offer these classes, nor do they 
all have faculty trained in fire ecology or the social-
environmental impacts of wildfire (Kobziar et al. 2009). 
Although interested students can choose to attend one 
of the few social or fire related interdisciplinary for-
estry programs or take an interdisciplinary class if one 
is offered or required at their college or university, we 
argue that this interdisciplinary education should not 
be confined to a class or a program that may or may 
not be offered at a given institution but rather should 
be part of the standard forestry curricula and included 
in course textbooks.

Fisher (1996) argued that forestry students need 
both a broad and deep range of knowledge beyond 
technical skills. Similarly, Bullard et  al. (2014) ar-
gued for “society-ready” foresters who are “capable 
of dealing effectively with the complex economic, 
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ecological, and social issues involving forest resources” 
(p. 355). Today’s foresters also need to be “fire-ready.” 
Fires are not just occasional disturbances but are in-
tegral aspects of forest and grassland areas that play 
unique ecological roles that are no less fundamental 
than tree stands or soil structure. Forestry profes-
sionals must be trained in fire ecology and the social 
impacts of fire management and be capable of making 
informed decisions about fire management, suppres-
sion, and utilization to “effectively enhance the integ-
rity, stability, and health of the environment through 
sustainable management, conservation, and protection 
of forests and natural resources” (Bullard et al. 2014, 
p. 355). The context and scope of fire management is 
also shaped by the governance context on which the 
fire occurs, such as private forests or public land as it 
varies by federal, state, county, and municipal scales.

One way to incorporate social and fire factors within 
forestry courses is through the inclusion of traditional 
ecological knowledge (TEK). TEK is the “cumulative 
body of knowledge, practice, and belief, evolving by 
adaptive processes and handed down through gener-
ations by cultural transmission, about the relationship 
of living beings (including humans) with one another 
and with their environment” (Berkes 1999, p. 197).
TEK is relevant and a necessary form of knowledge 
within the field of forestry as it is derived from lived 
experience on these landscapes since time immemorial. 
Some scholars argue that it is better at facilitating 
ecosystem dynamics than Western science has proved 
to be (Bussey et  al. 2016). TEK is developed out of 
particular worldviews and ecological thought that 
emerged separately and independently of Western sci-
entific thought and Eurocentric worldviews (Watts 
2013) that dominate the field of forestry. TEK is a pro-
cess of cross-cultural and cross-situational collabor-
ation to achieve better coexistence outcomes (Whyte 
2013). Native American nations have developed cul-
tural practices, spiritual relations, and deeply en-
trenched lifeways that are dependent on and connected 
with places and species inhabitants. A Salish-Kootenai 
tribal member, whose ancestral home is located in the 
Northern Rocky Mountains, speaks to this spiritual 
relationship: “When I go to the forest, I  think about 
the spirituality that’s connected there, I  think about 
the bones of my ancestors looking at me, and helping 
to teach my kids to respect the forest and all that it 
has to offer us, and providing us a place to camp, to 
share our meal[s] with the ancestors, to pick berries, to 
swim, to partake in the traditional materials, bark, the 
willow, whatever it is that we’re going to the woods 

to get. And that’s what [we] always pays [sic] tribute 
to—our ancestors and all the people that made tracks 
for us” (Flood and McAvoy 2007, p. 82). Forests are 
not simply places that exist as separate from human 
involvement or influence or as sites to observe external 
ecological processes. Rather, they are places people live 
and on which people collectively depend for food and 
cultural stuffs (Norgaard 2007, 2019, Baldy 2018). 
As Phil Rigdon, president of the Intertribal Timber 
Council and director of the Department of Natural 
Resources with the Yakama Nation, points out, the 
forest “is what makes us who we are” (Rigdon 2014, 
p. 13; cited in Gervais et al. 2017).

Recent trends in public forest management in the 
United States suggest foresters are beginning to incorp-
orate TEK and work with local nations on coauthoring 
management plans and developing stewardship con-
tracts across ownership boundaries (Mason et al. 2012). 
This collaborative effort points to the changing interest 
in TEK inclusion in forestry (Kimmerer 2000, Trosper 
2007, Emery et al. 2014, Hummel and Lake 2015). Fire 
has emerged as a primary land management tactic for 
these collaboration efforts (Terence 2012) in part be-
cause of indigenous peoples’ history and use of trad-
itional burning to support their subsistence lifestyles 
(Huffman 2013) and because it can help to meet both 
federal management and tribal goals (Bussey et al. 2016).

As US public land foresters transition to further col-
laboration efforts with Native American nations, we 
must be cognizant of the marginalization (Nader 1996, 
Bala and Joseph 2007, Mason et al. 2012, Bussey et al. 
2016), discrimination (Flood and McAvoy 2007), and 
forced assimilation of native peoples into Western 
culture through forestland management and fire ex-
clusion (Norgaard 2014, 2019), which has been per-
petuated within US forestry degree programs (Mason 
et al. 2012). Given the direct relationship that Native 
American nations have with forestlands, species, and 
ecological processes, the negative health effects that 
occur within their communities from Western forest 
management activities, and the opportunities for re-
storing fire back to the landscape through traditional 
burning, the need for inclusion of TEK and informa-
tion about American Indian natural resource manage-
ment in forestry curricula is clear.

Methods
Data Collection
To take historical and contemporary measures of how 
social, fire, and economic factors are taught in one 
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important component of college forestry courses, we 
analyzed course textbooks. We decided to limit the 
scope of our study to forestry schools in the United 
States because of changing wildland fire trends, in-
clusion of Native American nations into wildland fire 
decisionmaking, and project feasibility. We focus on 
textbooks because they are key parts of the curriculum 
that are feasible to evaluate (e.g., compared with the 
content of lectures in courses). Textbooks are useful 
sites to explore agreed-upon scientific knowledge and 
how that knowledge has changed over time (Kuhn 
1962). By examining both past and current textbook 
editions, we can explore how US forestry science re-
sponds to changes in forestry knowledge related to 
social, fire, and economic processes and see how this 
change in knowledge is incorporated into educational 
textbooks used in forestry programs. The lead author 
analyzed 73 commonly used college course textbooks 
published between 1954 and 2019. These were selected 
from both undergraduate and graduate forestry classes 
in universities that grant doctoral degrees. These insti-
tutions have reverberating effects across forestry edu-
cation nationally, as they are where forestry professors 
are typically trained. Thus, the textbooks in our ana-
lysis represent the most used textbooks in US college 
forestry programs.

The Chronicle of Higher Education publishes (and 
ranks) a list of all 25 forestry programs that grant doc-
toral degrees in the United States.1 However, we no-
ticed one school was not included in the Chronicle’s list 
that offers a PhD in Forest Science (Northern Arizona 
University), which we added to our list. We chose 
ecology, fire, and forest management course types and 
their corresponding textbooks because we assume 
these classes discuss socioecological and fire processes, 
and ecology and forest management courses are usu-
ally required for a forestry degree. Outreach began 
with emails to front desk administrators and faculty 
who specialize and teach in all classes within wildland 
fire, ecology, or forest management topical areas.

Of the 26 PhD programs, six did not respond (after 
multiple rounds of outreach), and five schools did not 
use textbooks for their fire, ecology, or forest manage-
ment courses. The remaining 15 schools had at least 
one or multiple administrators or faculty respond to 
our solicitation, cumulating in a list of 51 unique text-
books used in their courses. When previous editions 
of all textbooks are included, there are a total of 92 
textbooks. Nineteen of these textbooks were intention-
ally removed from our analysis because of being in-
accessible (N = 13)2 or for their lack of focus on land 

management (N = 6). Thus, our analysis includes 45 
currently used course textbooks and 27 earlier editions 
of some of those textbooks for a total of 73 (the full list 
of textbooks is presented in Appendix A). A summary 
of the course textbooks by course type is presented in 
Table 1.

Data Analysis
We focused on analyzing the presence and discussion of 
the critical variables (socioecological, fire, and economic 
factors) within each textbook. The quantitative content 
analysis was conducted manually in each hard copy 
text by the lead author. Focused coding was conducted 
through physically searching for the manifest content 
of the indicators (listed below) for the critical variables. 
(Emerson et al. 2011, Spurgin and Wildemuth 2017). 
This was found by reading through relevant chap-
ters identified in the table of contents and index term 
searches. When focused coding for socioecological fac-
tors, indicators included “TEK”/“Indigenous”/“Native 
American”/“Traditional Ecological Knowledge,” 
“climate change”/“global warming,” and a broader 
sociopolitical code that includes mentions of any-
thing related to human dimensions, including politics, 
policy, and economics. The fire indicators were: “fire 
management,” “prescribed/controlled burning,” “fire 
suppression/firefighting,” and “fire severity/intensity.” 
Economic indicators were: “grazing”/“range” and “log
ging”/“timber”/“silviculture.” These indicators were 
determined by the authors as relevant based on the lit-
erature around the critical variables.

Quantitative coding for these conceptual units in-
volved identifying whether the variable was included 
in the textbook (yes or no) and for the relevant fire 
and economic factors, whether it was a recommended 
management decision (yes or no). Even though stat-
istical tests are not required for intracoder reliability 
when content analysis is completed in a short time 
period (Lacy et al. 2015), the lead author maintained 
the same search and reading processes for each text-
book to find the presence of the indicators. Coding for 
the recommended management of the relevant fire and 
economic variables required further analysis for which 
nonstatistical consistency checks are necessary. When 
there were uncertainties with the focused coding, 
such as when a topic was given only cursory treat-
ment (only a single sentence) or when it was unclear 
whether the author(s) recommended the management 
activity (discussion of both benefits and harms without 
providing a clear recommendation), this content was 
coded as “no.” Management recommendations were 
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only labeled as “yes” when the presentation in the text 
clearly supported the practice. In each of these cases, 
either the exact language or summary of the language 
used were extracted. By extracting these examples 
from the data, the lead author maintained reliable 
coding patterns through comparison.3 These examples 
are used in the “Findings” section to help describe the 
patterns found through the quantitative analysis of 
codes. After identifying the categorical measures for 
a particular code (whether a topic was included and 
whether a practice was recommended), additional in-
formation was recorded about how much space in the 
text was devoted to discussing the coded item (sen-
tence, page, chapter, recurringly throughout the text), 
where in the text that information was included (be-
ginning, middle, end), and page numbers from where 
the coded items were located.

Study Limitations
Although course textbooks provide useful insight into 
course curricula and offer a valid measure of what 
topics authors of these textbooks and those who use 
them for their classes find important for forestry stu-
dents to know, they do not account for all the infor-
mation taught in a course. Not all forestry courses 
use textbooks and some supplement textbooks with 
other readings. Lectures, fieldtrips, and student-led 
discussion can influence the topics covered in a class. 
These other parts of curricula are difficult to measure 
without ethnographic class observations. Therefore, 
our findings can only speak to course textbooks rather 
than courses themselves.

To address our study limitations, we include 
Supplementary Materials derived from course syllabi 
to frame our findings about prominent textbooks used 
in ecology, fire, and forest management classes. We re-
ceived a total of 59 course syllabi (10 ecology, 22 fire, 
and 27 forest management) from the same group of 
schools used to identify textbooks and coded them for 
the socioecological, fire, and economic listed course 
topics and readings. Although incorporating this sup-
plemental data couches our textual findings within the 

courses from which they are derived, they still do not 
provide exhaustive content of forestry course curricula.

Findings
In the following section, we explore social-ecological, 
fire, and economic content provided in ecology, fire, and 
forest management course textbooks. Table 2 provides 
a cross tabulation analysis of discussion of social, fire, 
and economic factors among all the textbooks before 
and after 2000 assessing how patterns have changed 
over time.4 Table 3 provides a cross tabulation ana-
lysis of the percentage of currently used textbooks that 
include a discussion and author recommendations for 
the socioecological, fire, and economic factors. We 
ran Pearson’s chi-square significance tests to measure 
whether there was a statistically significant relation-
ship between the variables (textbook content and year 
of publication in Table 2; textbook content and sub-
ject category in Table 3). In effect, the chi-square test 
assesses whether the percentage distribution across 
the categories of one variable (e.g., “yes” or “no” to 
whether the discussion of climate change is included 
in the text) differ significantly across categories of the 
other variable (e.g., whether the book was published 
before or after 2000). The results from each indi-
vidual test are provided in online supplementary cross 
tabulation tables (Supplement 1 and Supplement 2).  
Because of the modest number of textbooks in our 
analyses, as seen in Table 1, some of the supplemental 
cross tabulation tables report cell counts of less than 
five, which can affect the validity of the significance 
tests. To address this issue, we also ran significance 
tests using Fisher’s exact test (results reported in the 
Supplementary Tables), which is robust for small 
sample sizes. The results for Fisher’s exact test and the 
Pearson’s chi-square test were substantively the same 
for all analyses (i.e., all tests that were significant with 
one test were significant with the other, and all tests 
that were not significant with one test were not signifi-
cant with the other). For each significant finding with 
“yes” cell counts of less than five, we report the exact 
cell count number along with its percentage in their 

Table 1.  Course textbooks in analysis by course type.

Fire Ecology Forest Management Total

Current course textbooks 17 7 21 45 (62%)
Earlier text editions 2 13 13 28 (38%)
Total 19 (26%) 20 (27%) 34 (47%) 73 (100%)
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corresponding findings (full results for all analyses are 
reported in the Supplementary Materials). Also, note 
that the “all socio-political, “all fire,” and “all eco-
nomic” factors are determined by the inclusion of all 
their subfactors (not simply any one of them) within 
each textbook and therefore report lower percentages 
than their subfactors do individually.

Table 2 presents the percentage of all textbooks 
published before 2000 and those published after 
2000 that included content of each topic. The topics 

for which the chi-square test was significant at the 
0.05 level are marked with an asterisk (as noted 
above, in all analyses where the chi-square test was 
significant, the Fisher’s exact test was also signifi-
cant). We find climate change is the only coded item 
to be more likely included in textbooks published 
after 2000 (61% after 2000 versus 34% before). For 
the other items there is no statistically significant 
difference in likelihood of occurrence across the two 
time periods.

Table 3.  Percent of currently used ecology, fire, and forest management textbooks that include discussions 
of socioecological, fire, and economic factors (N = 45).

Ecology (N = 7) Fire (N = 17) Forest Management (N = 21)

All socioecological factors 28.57% 29.41% 14.29%
  Traditional ecological knowledge* 42.86% 58.82% 19.05%
  Climate change 85.71% 41.18% 47.62%
  Social-political 85.71% 76.47% 66.67%
All fire factors 42.86% 23.53% 14.29%
  Prescribed burning* 57.14% 94.12% 61.90%
  - Recommended* 42.86% 94.12% 61.90%
  Fire as management 71.43% 76.47% 66.67%
  - Recommended 71.43% 76.47% 66.67%
  Fire suppression 42.86% 52.94% 23.81%
  - Recommended 14.29% 17.65% 19.05%
  Fire severity 71.43% 64.71% 57.14%
All economic factors* 57.14% 5.88% 23.81%
  Grazing 57.14% 11.76% 23.81%
  - Recommended 14.29% 5.88% 19.05%
  Logging* 85.71% 41.18% 100%
  - Recommended* 14.29% 23.53% 85.71%

*p < .05. Significance determined by chi-square tests.

Table 2.  Percent of forestry textbooks published before and after 2000 that include discussions of 
socioecological, fire, and economic factors (N = 73).

 Before 2000 (N = 35) After 2000 (N = 38)

All socioecological factors 11.43% 21.05%
  Traditional ecological knowledge 34.29% 36.84%
  Climate change* 34.29% 60.53%
  Social-political 60.00% 76.32%
All fire factors 17.14% 21.05%
  Prescribe burning 74.29% 60.53%
  Fire as management 68.67% 55.26%
  Fire suppression 48.57% 28.95%
  Fire severity 48.57% 52.63%
All economic factors 40.00% 28.95%
  Grazing 42.86% 28.95%
  Logging 80.00% 86.84%

*p < .05. Significance determined by chi-square tests.
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Table 3 presents the percentage of current textbooks 
in each of the three subject categories (ecology, fire, and 
forest management) that addresses each of the topics. 
Topics for which the percentage of occurrence differs 
significantly across subject categories based on the 
chi-square tests are marked with an asterisk. We find 
statistically significant variation among the three types 
of currently used course textbooks in their inclusion 
of TEK (most common in fire textbooks), discussion 
of and management recommendation for prescribed 
burning (most common in fire textbooks), all eco-
nomic factors together (not to be confused with each 
economic factor separately, most common in ecology 
textbooks), and discussion of and management recom-
mendation for logging (most common in forest man-
agement textbooks).

Socioecological Factors
Traditional Ecological Knowledge
Inclusion of TEK in forestry course textbooks ap-
peared as the acknowledgement that Native Americans 
have a long-developed and applied place-based ethical 
relationship with their environments. This knowledge 
is useful for informing land management practices. 
No textbooks used the term “Traditional Ecological 
Knowledge.” When there was discussion of indigenous 
or Native American land management practices, they 
tended to deal with fire, and only as a historical form 
of reference, which does not represent what is cur-
rently occurring. Hunter’s (1990) Wildlife, Forests, and 
Forestry provides a poignant and racist example of this 
pattern in relation to historical processes, “the activ-
ities of primitive people, many of whom regularly set 
the woods on fire” (p. 61). Some textbooks mentioned 
the story of the Greek god Prometheus who stole fire 
and gave it to humans, but never once was there pro-
vided a story of how any Native American nation came 
to use fire.

Some textbooks provided misleading discussion 
or outright denial of Native American use of fire and 
land management practices. For example, Oliver and 
Larson (1990) write, “Native Americans (Indians) were 
often quite unconcerned with fire control and contrib-
uted to the frequency of forest fires before European 
settlement” (p. 93). Although there is acknowledgment 
of traditional burning in this statement, it is labeled 
as “unconcerned,” pointing in comparison to Western 
cultural ideals that perpetuation of fire means lack of 
fire control, rather than intentional use. Davis (1966) 
understands the plethora of natural resources across 
North America during settler invasion as evidence 

of the “unparalleled abundance of forest land and of 
commercially valuable timber with which this country 
was originally endowed,” without consideration of 
Native American stewardship (p. 11).

When accurate discussion of Native American prac-
tices was presented, it tended to be in only a sentence 
or two and written vaguely without connection to a 
specific Native American nation or tribe. Some text-
books provided a few paragraphs on the subject or 
even mentioned specific practices associated with a 
Native American nation. There were only three text-
books out of 73 (two fire and one forest manage-
ment) that had a chapter devoted to Native American 
TEK. Other than two textbooks (one fire and one 
forest management), this discussion was historical or 
about pre-European colonization and did not discuss 
contemporary native peoples’ land management or 
prescribed burning practices. As shown in Tables 2, 
discussion of TEK is not typically included in course 
textbooks, occurring in only about a third both before 
and after 2000. Across the three subject categories (see 
Table 3), we find a significant difference in the percent 
of textbooks that discuss TEK, where it is more com-
monly addressed in ecology (three of seven, 43%) and 
fire (59%) compared with forest management (four of 
21, 19%). An examination of the course syllabi shows 
only three fire courses outlined a section or additional 
readings on TEK.

Climate Change
Textbooks published before the 1990s are typically 
silent about or ambivalent to climate change. Young 
and Giese’s (1990) Introduction to Forest Science is 
the earliest text in our sample to mention current sci-
entific conceptualization of climate change: “the accu-
mulation of CO2 in the atmosphere could be related to 
climate warming” (p. 96). This decade jumpstarted the 
recognition of climate change in forest science text-
books as a factor affecting forest processes and, more 
specifically, forest fire severity. Every text that included 
a discussion of climate change maintained this concep-
tualization. However, there was variation in the extent 
that they addressed the implications of climate change 
for forest management or ecosystems. For instance, 
some textbooks went into detail about the expected 
environmental changes, such as drought or increased 
precipitation, plant and animal species, temperature, 
and what this means for forest managers, which was 
notable in the most recent textbooks. However, most 
climate change discussions focused on broad global 
changes.
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Discussion of climate change was the only coded 
item to show a significant increase in discussion in text-
books published after 2000, increasing from 34% to 
61% (see Table 2). When discussion of climate change 
was included in textbooks, it tended to be less than a 
page. Six of the 73 textbooks (four ecology and two 
forest management) had a chapter devoted to the sub-
ject where they discussed the effects that climate change 
would have on forests and resulting management sug-
gestions. In each of these cases the chapter occurred 
toward the end of the text. The percent of ecology 
course textbooks that discussed climate change (86%) 
was higher compared with the percentage of both fire 
(41%) and forest management (48%) textbooks, but 
this variation is not statistically significant because of 
the low number of ecology textbooks in the sample. 
Among the 59 syllabi received, there were only eight 
courses that had sections or readings directly related to 
climate change. However, an additional nine courses 
had sections or readings on climate, so climate change 
may be discussed in those sections.

Sociopolitical Factors
This broad coding category included anything that 
directly mentioned human dimensions such as laws 
and policies, local communities, aesthetic and spiritual 
values, citizen science and public involvement, human 
development and spread, subjective views on forests, 
and others, where laws and policies took precedence 
in these discussions. These factors are important to 
consider here, as Young and Giese (2003) point out 
in Introduction to Forest Science, because these fac-
tors can “take precedence over ecological principles” 
(p. 130). Others have considered social factors as a dis-
turbance on the landscape (Oliver and Larson 1990, 
1996). Perry et al.’s (2009) Forest Ecosystems text con-
sidered citizen protest and science as factors influencing 
forest management. In all Pyne’s solo (1982, 2001, 
2019) and co-authored (Pyne et al. 1996, Scott et al. 
2014) fire textbooks utilized, he documents how hu-
mans influence fire processes over time and globally. 

When social-political factors were included in 
course textbooks, they tended to be mentioned in the 
introduction and periodically throughout the text. 
There were 10 textbooks that devoted at least one 
chapter to the subject (four ecology, one fire, and five 
forest management). This content did not change sub-
stantially over time. Across currently used course text-
books, the discussion was fairly even with ecology 
course textbooks providing the highest percent of 

discussion (86%), followed by fire textbooks (76%), 
and forest management textbooks (67%). Similar to 
the textual results, we found syllabi to include social-
political sections and readings (19 total) more often 
than TEK or climate change.

Fire Factors
When textbooks discussed wildfire, they tended to con-
sider it as a disturbance that is integral in natural eco-
systems. Some texts, such as Peuttmann et al.’s (2009) 
A Critique of Silviculture, argue that fire is “an essen-
tial element that contributes to the health and func-
tioning of ecosystems” (p. 80). All Pyne’s solo (1982, 
2001, 2019) and co-authored (Pyne et al. 1996, Scott 
et al. 2014) textbooks utilized provide a discussion of 
how fire is a cultural product that shaped humans’ re-
lationship to the environment, as “we are uniquely fire 
creatures on a uniquely fire planet” (Pyne et al. 1996, 
p. xxv). However, most textbooks just mentioned fire 
as one natural disturbance among others, such as 
disease, pests, and drought. When fire was discussed, 
outside of fire course textbooks, it tended to occur as 
a subsection within a chapter on natural disturbances. 
The only text where this was not the case was Smith’s 
Elements of Ecology, the second edition (1986) of 
which had a whole chapter devoted to fire, but this 
chapter was dropped in the third edition (1992). Four 
forest management and four ecology courses included 
sections or readings on fire (including disturbances) in 
their syllabi.

Prescribed Burning and Fire Management
Fire as management was indicated by any language 
that suggests managing forests, in part, through the 
use of fire. Most textbooks identified prescribed 
burning to be the main method for managing fire on 
the landscape. Although the percentage of textbooks 
that discussed these two items (prescribed burning and 
fire management) are very similar, they differ slightly. 
There were a few textbooks that either mentioned fire 
management but without the use of prescribed burning 
or discussed prescribed burning without intentionally 
linking it to managing the forest. Prescribed burning 
was the only factor to show a significant difference in 
the likelihood of discussion across text types with dis-
cussion more common in fire course textbooks (94%) 
as compared with textbooks in ecology (4 of 7, 57%) 
and forest management (62%). When these factors 
were discussed, they were both treated as management 
recommendations. This can be seen in Table 3, where 
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the percent discussed and percent that recommended 
are similar.

Fire Severity and Fire Suppression
More than half of currently used textbooks across all 
three subjects address fire severity, although discussion 
of fire suppression occurs less commonly (see Table 3).  
Textbooks that address this issue typically argued 
that increases in fire severity are caused by weather, 
climate change, and prior poor management. Prior 
poor management was attributed to fire suppression 
tactics, discussion of which tended to be context spe-
cific. For instance, fire suppression was characterized 
as a useful tool in wildland-urban interface areas, but 
it was often argued against as it has resulted in the 
buildup of fuels and the increase of fire severity. One 
textbook linked fire suppression to European colon-
ization: “to control fire was to control the land and 
its peoples” (Pyne 2001, p. 140). Most textbooks do 
not acknowledge the ramifications of fire suppression 
on indigenous people’s lives, but rather only identify 
fire suppression as a factor in leading to fuel buildup 
or high severity fires. Even when fire suppression was 
discussed, it was not always recommended as seen in 
Table 3, where 40% of textbooks mention this issue, 
but only 17% recommend it.

Economic Factors
Economic factors—timber production and grazing—
are known to provide economic incentives in forest 
management. Mining and oil/gas drilling also occur 
in forestland areas and provide economic incentives; 
however, neither of these topics were adequately ad-
dressed in any of the course textbooks analyzed. There 
was a significant difference across course textbooks 
that include all economic factors, where inclusion was 
more common in ecology (four of seven, 57%) com-
pared with fire (one of 17, 6%), and forest manage-
ment (five of 21, 24%). Among course syllabi, only 
some forest management courses included weekly 
topics or additional readings on economics.

Grazing
There was no significant difference in the prevalence 
of discussion of grazing in textbooks between those 
published before 2000 and those published after 2000. 
This content typically related to agroforestry but 
also included effects on rangelands and wildfire ac-
tivity. Most textbooks that discussed grazing, did so 
within a subsection of a chapter, and multiple text-
books claimed that livestock grazing decreases wildfire 

activity. Different textbooks presented reasons to rec-
ommend or reject livestock grazing. Young and Giese 
(2003) Introduction to Forest Science provide an ex-
ample of a management recommendation: “Controlled 
livestock grazing can potentially benefit timber regen-
eration in several ways. These include reducing com-
petition, decreasing the fire hazard, preventing the 
suppression of seedlings, and decreasing the habitat of 
rodents” (p.  387). Wright et al. (1982) Fire Ecology 
offers a competing perspective on grazing and its rela-
tionship to fire: “Today grazing by domestic livestock 
is the biggest hinderance to the potential use of fire 
in semidesert grass-shrub vegetation, especially black 
grama ranges” (p. 145). Later they argue that to apply 
prescribed burning to rangelands, it is necessary to 
alter grazing patterns and implement other reclam-
ation techniques to overgrazed areas (ps.153, 170). The 
variance between Young and Giese’s versus Wright and 
Bailey’s recommendation on grazing in relationship to 
wildfire is tied to divergent perspectives on whether fire 
is a “hazard,” as portrayed in the former quote, or a 
desirable method (when prescribed) for managing eco-
systems, as in the later quote.

Logging
Timber production had the highest percentage of dis-
cussion among all coded factors at 80% before 2000 
and nearly 87% after 2000. The discussion of and 
recommendation of timber production varied sig-
nificantly among text types. The variation between 
whether logging was recommended or not was tied 
to whether foresters prioritized timber production 
over ecological processes, such as fire. Forest man-
agement textbooks discussed logging in 100% of 
their publications, and it was clearly recommended 
in 86%. Within these textbooks, discussion of timber 
production occurred throughout almost the entire 
text. In many cases these textbooks identified ways 
to manage forests for sustainable timber production 
through the use of best management practices or par-
ticular forms of silviculture such as thinning rather 
than clearcutting. Ashton and Kelty (2018) in The 
Practice of Silviculture, “emphasize ecological bases 
for silviculture, as well as to expand the relevance of 
silviculture to a range of forest and tree-related re-
source management issues” (p. xvi). They argue that 
silviculture practices and forest planning prioritiza-
tion for timber production can be used to meet other 
management goals. These arguments were often 
couched with clarifications about the kind of logging 
used or forest management intentions and goals.
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By comparison, another forest management text, 
Innes and Tikina’s edited (2017) Sustainable Forest 
Management, argues that “implementing forest 
management to favor one forest product could re-
duce the energy and materials available to produce 
another product” (p.  84). In essence, prioritizing 
one forest product, such as timber, actively im-
pedes the ability to manage for other ecological 
processes. Ecology and fire course textbooks were 
significantly less likely to discuss logging than were 
forest management textbooks and, simultaneously, 
less likely to recommend logging (ecology, one of 
seven, 14%; fire, four of 17, 24%; forest man-
agement, 86%). These arguments were concerned 
with biological diversity, effects to ecosystem pro-
cesses, or the link between deforestation and global 
warming. Multiple books linked logging with wild-
fire. Baker’s (2009) Fire Ecology in Rocky Mountain 
Landscapes, for instance, argues that “logging 
commonly replaces large, fire-resistant trees with 
smaller, often more numerous and more flammable 
trees” (p. 371). There were similar mixed messages 
about salvage logging.

Discussion
The content analysis of textbooks and supplemental 
examination of course syllabi, along with previous re-
search conducted on forestry curricula, highlight the 
need to incorporate interdisciplinary social and fire 
science into forestry degree programs. The limited 
representation of social and fire science in textbooks 
is linked with the lack of required interdisciplinary 
course offerings in such programs (Kobziar et al. 2009, 
Vonhof 2010). Our analysis of ecology, fire, and forest 
management course textbooks used in both under-
graduate and graduate level courses at institutions 
granting PhDs assesses the scope of interdisciplinary 
content provided in required readings, how that con-
tent has changed over time, and how it compares 
among the three course text types.

A comparison of the discussion of social, fire, and 
economic factors in textbooks published before and 
after 2000 identifies several patterns. First, there is 
relatively little change in the discussion of this con-
tent over time. This is fascinating given the long-held 
arguments for incorporating social factors into for-
estry curricula (Roth 1910, Barrett 1953, O’Laughlin 
1984, Luloff 1995, Egan 1996, Fisher 1996, Miller and 
Lewis 1999, Sample et al. 1999) and the increase in sci-
entific understandings of wildfire on forest landscapes 

since the late 1990s (McCaffrey et al. 2013). Previous 
studies have pointed to faculty barriers to curricula 
change (Sample et al. 2015) and bias in forestry cur-
ricula toward maintaining the status quo (Bullard et al. 
2014) as reasons for this lack of change even when 
there exist changes in forest science.

The exception is climate change, which was sig-
nificantly included more in textbooks published 
after 2000. Nonetheless, nearly 40% of textbooks 
published after 2000 do not discuss climate change, 
which is remarkable given the impacts that climate 
change is having and will have on forest ecosystems 
and resources. Comparing across the textbooks as-
sociated with the course types, we found significant 
variation across all three regarding the inclusion of 
discussion of TEK, prescribed burning, all economic 
factors, and logging. We also found significant vari-
ation across all three in their management recom-
mendation for prescribed burning and logging.

Forest management textbooks, for instance, are 
significantly less likely to incorporate TEK but are 
significantly more likely to discuss and provide a 
prologging argument than ecology and fire course 
textbooks. Fire course textbooks are significantly 
more likely to discuss prescribed burning as com-
pared with ecology and forest management text-
books. At the intersection of these findings is a 
fascinating point: TEK is what first informed land 
managers about prescribed burning, but both TEK 
and prescribed burning are discussed at signifi-
cantly different percentages across the textbooks 
for the three course types.

The variation between whether a factor was 
discussed or recommended as a management ac-
tivity points to a lack of scientific agreement be-
tween and within course text types that stems from 
an entrenched divide between ecological and eco-
nomic forest management prioritization and sci-
ence. International forestry education research 
also points to tension between traditional forestry 
education, concentrated on demand for wood and 
wood products, and new social-ecological concerns 
(Lierop 2003, Nair 2004, Temu and Kiwia 2008, 
Arevalo et al. 2010, Ratnasingam et al. 2013). This 
divide explains why there exists variation among re-
commended coded economic and fire factors across 
and even within course text types. We recognize, as 
one limitation to our recommendation code, that 
the course textbooks often differ based on the spe-
cialization of the authors, purpose of the textbook, 
and regional focus (e.g., Louisiana Pinelands versus 
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Pacific Northwest versus Rocky Mountains), where 
management activities may be more or less applic-
able. However, the divergence in basic assumptions 
related to fire suppression, grazing, and logging is 
noteworthy and maybe a cause for concern. It ap-
pears, based on the course textbooks examined here, 
that students may be receiving inconsistent educa-
tion on these matters.

Our analyses highlight some important consid-
erations. We should not assume that we can still 
manage forest resources or maintain forest ecology 
without fire. Likewise, we should not assume that 
the science of or best practices for forest manage-
ment are uninfluenced by social, political, and eco-
nomic pressures. We should not knowingly continue 
to disregard, marginalize, discriminate against, or 
force assimilation on Native Americans who have 
lifeways and developed ecological practices on these 
landscapes since time immemorial. Therefore, it is 
important that foresters learn about how social and 
fire processes affect forest landscapes and manage-
ment practices, the consequences of climate change 
for forest ecosystems, and the value of TEK. This 
education should be provided in required interdis-
ciplinary courses or included in required forestry 
courses.

Conclusion
Previous studies on forestry education have explored 
employer expectations, student preparedness, and 
course offerings to examine what information stu-
dents learn and what they may be missing from 
their forestry education (Graves and Guisse 1932, 
Barrett 1953, Dana and Johnson 1963, Brown and 
Lassoie 1998, Vonhof 2010, Sample et  al. 2015). 
Their findings show that social science and hu-
manities education are often missing and that there 
is a need for further inclusion of climate change 
and fire science in forestry programs (Roth 1910, 
Barrett 1953, O’Laughlin 1984, Luloff 1995, Egan 
1996, Fisher 1996, Miller and Lewis 1999, Sample 
et al. 1999). Our examination of current and pre-
viously used forestry course textbooks and syllabi 
point to similar results. Our findings suggest that 
forestry students who do not have access to or 
do not take interdisciplinary courses on social or 
fire aspects of forestry, which use these textbooks, 
are likely to miss important and relevant content 
about these processes. This content is necessary to 

prepare future foresters for the emerging challenges 
they will face. These findings inform a few sugges-
tions for future research. First, to understand what 
students are learning about social, fire, and TEK 
through their forestry education, there needs to 
be an examination of an entire forestry curricula. 
Second, to assess degree requirements for education 
on these topics, we recommend exploring how SAF 
guidelines influence the inclusion of this content 
within forestry degree programs and whether there 
needs to be changes to the SAF guidelines.

Supplementary Materials
Supplementary data are available at Journal of Forestry online.
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Endnotes

1.	 https://www.chronicle.com/article/NRC-Rankings-Overview- 
/124731.

2.	 Textbooks were gathered from our university library, 
interlibrary loan, and regional interlibrary system. The in-
accessible textbooks were not available through any of 
those sources.

3.	 Here is an example of how a code was assigned and a 
summary was created. Text: “Controlled burning in areas 
of heavy logging slash, along railroad tracks, and even in 
some forests can reduce particularly serious accumula-
tions of fuel” (Young 1982, p. 368). Summarized to “recom-
mends prescribed burning,” resulting in a “yes” code to 
both the inclusion of prescribed burning in discussion and 
“yes” to recommending prescribed burning as a manage-
ment activity.

4.	 We selected the year 2000 as the dividing point because 
there are approximately equal numbers of textbooks be-
fore and after this point (no textbooks in our analysis were 
published in the year 2000). To assess whether this dividing 
point substantially affects our findings, we also did the ana-
lyses with two other dividing points: 1995 and 2005. The 
variation between the results using these dates and those 
reported based on the 2000 split date had a minimum differ-
ence in percentages of 0.13 and a maximum difference of 
9.29 (between 1995 and 2000 discussion of climate change). 
The average change of percentages between these alter-
native dates was only 2.48, and they all followed the overall 
pattern presented in Table 2.
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