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ABSTRACT ARTICLE HISTORY
The pressing nature of climate change and its associated impacts requires Received 24 November
a climate literate citizenry. Climate change education in K-12 settings 2020

may provide a unique opportunity to make inroads towards climate  Accepted 22 March 2021
literacy. However, many K-12 teachers avoid teaching climate change KEYWORDS

because they are uncomfortable with the subject or do not see its Teacher professional
relevance to their curriculum. Removing barriers to climate change pro- development; climate
fessional development (CCPD) for teachers may help increase confidence change; barriers; middle
in teaching about climate change. To understand the perceived barriers school

to participating in CCPD, a survey was conducted with 54 middle school

science teachers who did not respond to a previous invitation to par-

ticipate in a CCPD program. The most significant barrier was time to

participate. The participants were also asked to rate their confidence

about whether climate change is happening. The results were compared

between teachers who were confident climate change was happening

and those who were not to examine whether these beliefs influenced

teachers’ perceptions of barriers. Those who were confident climate

change was happening were less likely to perceive administrative support,

interest in the workshop, and knowledge of climate change content as

barriers. However, both groups of teachers reported that time was the

primary barrier rather than the topic. This suggests that, rather than

developing unique strategies, existing best practices in teacher profes-

sional development can be used to support CCPD opportunities.

Additional recommendations include thinking creatively about how to

create time for teachers to attend and making the professional devel-

opment directly relevant to teacher’s local contexts.

Climate change is currently one of the most serious environmental challenges society is facing
due to its far-reaching effects on water availability, food resources, energy, transportation, and
public health (IPCC 2018; US Global Change Research Program 2014). A climate literate public,
or a society of people who accept, are concerned about, and have the skills and motivations
to address anthropogenic climate change (US Global Change Research Program 2009), can help
address and mitigate many of climate change’s associated impacts.
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Unfortunately, efforts to increase climate literacy with adults have proven challenging. Decades
of social science research offers evidence that climate change perceptions and actions are better
predicted by factors such as cultural worldviews and political ideologies rather than scientific
understanding (Kahan 2012; McCright and Dunlap 2011b). For example, McCright and Dunlap
found an increase in the polarization of climate change views in America for those who identify
as liberals and Democrats versus conservatives and Republicans (McCright and Dunlap 2011b)
with conservative white males holding particularly strong climate denial beliefs (McCright and
Dunlap 2011a). These social influencers of climate change beliefs and attitudes have been
identified globally (e.g. Lee et al. 2015) and regionally in studies such as the ‘Six Americas’ report
(Maibach, Roser-Renouf, and Leiserowitz 2009) and the ‘British Social Attitudes 35™ Report’
(Fisher, Fitzgerald, and Poortinga 2018). To address these cultural barriers, climate change com-
munication efforts typically must rely on tools such as strategic framing (Bales, Sweetland, and
Volmert 2015; Bolsen and Shapiro 2017; Simon etal. 2014) or the use of trusted messengers
(Moser and Dilling 2007) in hopes of engaging adults whose personal beliefs do not typically
align with climate change acceptance or concern.

Climate change education among children may be a promising pathway to building climate
literacy among current and future generations. Although climate change communication strat-
egies can be useful in reaching adults, current research suggests youth may be more receptive
than adults to learning about climate change, as they seem to parse scientific fact from its
ideological context (Kahan 2012; Stevenson et al. 2014). Not only are youth more amenable to
learning about climate science (Stevenson et al. 2014), but they may also influence their parents’
perspectives on the subject (Lawson etal. 2019). This has been observed in other contexts
where youth have been able to sway their parents into adopting a particular lifestyle such as
recycling (Leeming etal. 1997) or purchasing specific grocery store items (Flurry and Burns
2005). In terms of climate change specifically, research by Lawson and colleagues (2019) showed
that after participating in a climate change-based, wildlife environmental education curriculum
at school, children increased their parents’ levels of climate change concern at home. Additionally,
adolescent-based climate education efforts may erase ideological rifts in concern about climate
change among both youth (Flora etal. 2014; Stevenson et al. 2014) and parents (Lawson et al.
2019). Climate change education in K-12 settings may present an opportunity to reach a wide
array of people of multiple generations.

Unfortunately, efforts to promote climate change-based education in K-12 schools face mul-
tiple implementation barriers due to a lack of teacher preparation and confidence to teach the
subject (Wise 2010). Climate change is a major component of learning objectives for schools
around the world such as the Next Generation Science Standards (NGSS Lead States 2013), National
Curriculum in England: Science Programmes of Study (Department for Education 2015), and the
UNESCO Climate Change Education for Sustainable Development (UNESCO 2010) which is used in
several countries including Japan (Ministry of Education, Culture, Sports, Science and Technology
2012). Unfortunately, a 2020 report found that only 27 states in the United States scored a
B+or higher rating for how their state science standards address climate change and six states
received failing grades (National Center for Science Education & Texas Freedom Network Education
Fund 2020). The climate grade report recommends that, in addition to revising standards, states
must commit to professional development so that educators have the knowledge and skills to
effectively teach about climate change so that they meet state standards (National Center for
Science Education & Texas Freedom Network Education Fund 2020).

Even when climate change is included in state science standards, there are many barriers
that can prevent climate change from being taught in schools. Some of these barriers stem
from the socio-political context of climate change referenced above. For instance, one study
found that textbooks promote discourses of doubt when describing climate change (Roman
and Busch 2016) and several researchers have documented how teachers’ own ideologies
(Plutzer, McCaffrey et al. 2016) have impacted how teachers approach climate change teaching
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(Henderson and Drewes 2020). Other barriers relate to a lack of teacher preparation and con-
fidence to teach the subject (Wise 2010). Research suggests teachers do not feel prepared to
teach the content, worry about the political fallout, do not believe it fits into their curriculum,
or worry about how to teach the arguments for and against climate change in a balanced
way because they do not understand the scientific consensus (Hestness et al. 2014; Plutzer,
McCaffrey et al. 2016; Waldron et al. 2019; Wise 2010). One way to maximize the opportunities
provided by climate change education in K-12 settings is employing teacher professional
development to reduce teacher hesitation in teaching climate change as a part of their cur-
ricular standards.

Teacher professional development

High quality, effective professional development (PD) can improve educator confidence and
attitudes toward teaching science (NSTA 2006; Stein, Smith, and Silver 1999) and offer oppor-
tunities to learn science content related to climate change (Drewes, Henderson, and Mouza
2018). Increasing teacher knowledge and confidence can help them better understand the
scientific consensus, gain confidence in teaching about climate change, address climate change
misconceptions, and improve their teaching practices associated with the subject (Drewes,
Henderson, and Mouza 2018; Hestness et al. 2014; Plutzer, Hannah etal. 2016).

To be effective, climate change PD must take into consideration the social context and pol-
icies of the school districts where teachers are located. Attending to these socio-political contexts
at the local level allows the teachers opportunities to share best practices for navigating these
contexts in regions that may be resistant to climate change education (Drewes, Henderson, and
Mouza 2018). This approach can help alleviate some teacher concerns related to teaching about
climate change. Additionally, situating climate change PD to include local issues related to
climate change can help teachers connect to the content personally for themselves and their
students. This approach can serve the dual purpose of making the content relevant to student
and teachers’ lives (Aikenhead 2003; Stuckey etal. 2013) and framing the issue in a way that
those skeptical or unsure climate change is happening recognize and accept so they can think
critically about how to address the issue (Busch 2016; Evans, Milfont, and Lawrence 2014).
Further, highlighting local climate change impacts can help both teachers and students build
an emotional understanding of the topic, which may lead to changes in behavior (Busch 2016;
Drewes, Henderson, and Mouza 2018).

While research supports the need for teachers to participate in CCPD, there are few examples
of highly effective CCPD (Drewes, Henderson, and Mouza 2018) and an increasing number of
calls for more CCPD opportunities (Busch, Henderson, and Stevenson 2019). Organizations are
responding to these calls to offer more CCPD through in-person workshops, online courses, or
a hybrid between the two (Shea, Mouza, and Drewes 2016). Some examples include the ‘Summer
Climate and Global Change Professional Development Workshops' at the National Center for
Atmospheric Research (Johnson et al. 2008), DataStreme Earth’s Climate System from the American
Meteorological Society (https://climate.nasa.gov/resources/education/edOpps/), and the Climate
Academy (Drewes, Henderson, and Mouza 2018).

As the number of institutions offering climate change specific PD opportunities increases, it
is worth examining the barriers teachers perceive to participating in such workshops. The
socio-cultural complexities associated with climate change acceptance (e.g. worldviews and
political ideologies, Kahan 2012; McCright and Dunlap 2011b) may indeed be a barrier to
teachers participating in climate change specific PD. Around the world, studies have examined
the barriers to teacher participation in traditional (non-climate change specific) PD opportunities
(e.g. Badri etal. 2016; Geldenhuys and Oosthuizen 2015; Johnson 2006; Kwakman 2003; OECD
2009). Typical constraints that have been identified in these studies include conflicting work
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schedules, cost, and lack of support from administration (OECD 2009). However, no research,
to our knowledge, has investigated to what degree these barriers apply to climate change
specific PD. As K-12 education is a means to reach children of all backgrounds, teaching climate
change in the classroom is a critical. Therefore, an understanding what prevents teachers from
participating in CCPD is needed.

Research questions

Given that climate change is included in science standards around the world and that research
shows that educators do not feel confident teaching the content (Dawson 2012; Herman,
Feldman, and Vernaza-Hernandez 2017; Sullivan et al. 2014; Wise 2010), we must examine why
teachers are not taking advantage of this type of PD. It is possible that there are additional
barriers to participation in climate change PD, such as teacher beliefs related to climate change,
that are not found in other types of PD opportunities. Therefore, the research questions for this
study were:

1. What barriers do teachers perceive to participating in a climate change specific profes-
sional development opportunity?

2. How do perceptions of these barriers differ between teachers who are confident in their
understanding that climate change is happening versus those who are not?

Current study

This study was conducted with middle school teachers in a southeastern state who chose not
to participate in a climate change professional development (CCPD) opportunity with the goal
of identifying perceived barriers to participation. We hypothesized that teachers would report
the primary barrier to participation was that they believed the topic was too controversial. This
hypothesis is derived from the fact that climate change is a socially complex issue and teachers
may harbor concerns about the controversy associated with teaching the topic in the classroom
(Wise 2010). We also hypothesized that teachers who were less confident in their beliefs that
climate change is happening would perceive all barriers as more important than teachers who
were more confident. The latter hypothesis emerges from psychology and health sciences lit-
erature that suggests that when learners are less confident about the value of a particular
subject, then they are less likely to want to overcome barriers to participation than their con-
fident counterparts (Gulliver, Griffiths, and Christensen 2012; Lovell, EI Ansari, and Parker 2010).

Theoretical framework

There has been a renewed interest towards investigating teacher motivation for attending PD
to allow organizations to improve the ways they attract teachers and increase persistence in
their programs (Karabenick and Conley 2011). An individual’s persistence, performance, and
choices are influenced by his or her values and expectancies of future outcomes and this is
often examined using expectancy-value theory (Eccles and Wigfield 2002). Karabenick and Conley
(2011) developed a Professional Development Motivation Model using the expectancy-values
framework to explore the factors influencing teacher’s motivation to participate in traditional
PD opportunities. The model includes five factors that drive teacher motivation to participate
in PD. These factors include ‘Motivation to teach Math/Science, ‘PD Programmatic Features,
‘Previous Experiences with PD in Math/Science), ‘Perceived Social Support for PD’, and ‘Perceived
PD Administrative Support’ (Karabenick and Conley 2011, 14).
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The first factor, motivation to teach science, includes teachers’ beliefs about the value of
teaching science, their perceived self-efficacy for teaching science, and any personal teaching
goals they may hold (Karabenick and Conley 2011; Thomson and Kaufmann 2013). These beliefs
contribute to a teachers’ attainment value: the value they place on participating in the particular
PD; intrinsic value: the enjoyment or interest they have for the subject of the PD; and the utility
value: or whether the subject of the PD is related to their future goals. Additionally, a teachers’
motivation to teach science influences their perceptions of cost based on their beliefs about
the value of teaching science and whether the cost of participation is worth improving their
teaching (Karabenick and Conley 2011). In this study, we apply these factors to teaching about
climate change, specifically.

PD programmatic features also impact teacher motivation to participate in a PD opportunity.
These include a teachers’ understanding of the opportunity: any external requirements they
need to participate; their beliefs about the benefits of increasing their content knowledge or
pedagogical strategies; the cost to attend; time required to attend; any effort needed to par-
ticipate; and penalties for nonparticipation. These features also include whether continuing
education units or stipends are offered, the time needed to travel to the location, and the time
needed to implement the new content in the classroom (Karabenick and Conley 2011). These
wide range of features influence the intrinsic value, utility value, and cost perceptions the
teacher may hold regarding a particular PD opportunity (Figure 1).

In addition to programmatic features, previous experiences with PD influence and social
support for participating in PD influence whether or not teachers choose to participate in new
opportunities in the future (Karabenick and Conley 2011). Teachers will consider whether pre-
vious experiences were good, bad, useful, time consuming, etc.,, when choosing future profes-
sional development. These previous experiences will influence the intrinsic value, utility value,
and perceptions of cost that the teacher holds regarding new PD opportunities. Social support
comes in the form of other teachers’ participating (Karabenick and Conley 2011) or from sup-
port from individuals such as student’s parents. Having social support to participate can lead
to increases in intrinsic value, utility value, and decrease in the perceptions of cost. Social
support can lead to increased motivation to participate in PD opportunities (Karabenick and
Conley 2011).

Motivation to Teach Science: Includes beliefs about the value
of teaching science, perceived self-efficacy for teaching science,
personal teaching goals

Program Features: Teacher understanding of the workshop,
external motivations to participate, beliefs about the benefits
of increasing content knowledge or pedagogical strategies, cost
to attend, time to attend, effort to participate, penalty for not
participating, CEUs, stipend, travel time, time to implement in
the classroom

Previous PD Experience: Has the teacher attended previous
PD? If so was the experience good, bad, useful, time
consuming, etc.

L R e
.

Social Support: Will other teachers attend? Does the teacher
have parent support?

Administration Support: Does the admin support the teacher
verbally, financially, with time, encouragement is it required?

o'
R
K

Attainment Value: the
importance of doing well
in a task

® and enjoyment in

Intrinsic Value: interest

participating in a task

Utility Value: how is the
task related to future
goals and plans?

Cost: what costs are
associated with the task:
time, financially,
emotionally?

Figure 1. Factors that influence teachers’ motivation to participate in professional development. Adapted
from the Professional Development Motivation Model (Karabenick and Conley 2011) and Expectancy
Value Theory (Eccles and Wigfield 2002).
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Finally, administrative support has been cited as one of the most important influencers of
teacher motivation to participate in PD, even more important than district requirements
(Karabenick and Conley 2011). Administrative support may be in the form of verbal, financial,
time, or encouragement (Karabenick and Conley 2011; Thomson and Kaufmann 2013). It may
also be simply requiring a particular PD opportunity (Karabenick and Conley 2011). When the
administration supports a teacher in participating in a PD, it may increase their attainment
value: the importance of doing well in the task; the utility value; and the perceptions of cost.
Figure 1 shows the relationship between the factors influencing teacher motivation to participate
in PD and the values and costs described in expectancy-value theory. While this framework has
been used to examine teacher PD in general, we wanted to better understand how PD features,
previous experiences, social support, and administrative support influenced the barriers teachers
perceive to participating in a climate change specific PD opportunity. It is possible that teachers
perceive the barriers to participation differently with ideologically fraught subjects such as
climate change (e.g. Plutzer, Hannah et al. 2016; Waldron et al. 2019; Wise 2010).

Methods

The population of interest for this study included middle school science teachers who chose
not to participate in a two-day CCPD workshop hosted by a public university. The workshop
was designed to introduce middle school teachers to a new series of lessons focused on climate
change and the impacts on their state. The choice of middle school teachers for the CCPD
opportunity specifically relates to the age range of students that they serve. During middle
school, students are at a point in development where they are capable of understanding a
complex topic such as climate change (Mason and Scirica 2006), but are still malleable when
forming their own perceptions on topics (Vollerberg, ledema, and Raaijmakers 2001). Therefore,
they are able to critically think about topics like climate change while being less burdened by
the engrained socio-cultural and ideological biases faced by adults. These lessons specifically
were developed to meet the state’s middle school science standards. The workshop included
several best practices in PD: it was focused on climate change content, it included active learn-
ing, collaboration between teachers, modeling of activities, as well as coaching and content
experts (Darling-Hammond, Hyler, and Gardner 2017). For more detailed information on the PD,
see Lawson etal. (2019).

To address traditional barriers to PD participation (OECD 2009), the workshop was held during
the summer to avoid conflicting with school schedules and teachers were given a stipend, travel
reimbursement, lodging, and meals. Information on the initial call to participate in the original
PD opportunity can be found in Appendix 1. In spite of the resources offered to offset potential
barriers to participation, there were still many teachers who opted not to participate in the CCPD.

Teachers initially recruited to participate in the summer PD were selected from a sample
frame that included all middle school science teachers from coastal counties in a southeastern
state in the United States. The study used a hierarchical sampling design by randomly selecting
60 schools from all public middle schools across the coastal counties and then randomly
selecting science teachers from those schools to invite as participants in the PD (n=349).
Teachers were contacted via email and received up to 4 reminders about participating in the
workshop. For further information about the specifics of the teacher recruitment process, see
Lawson and colleagues (2019). For this study, only the teachers who declined or did not
respond to the initial request to participate in the initial CCPD were contacted and invited to
participate in this study.

In an attempt to reach more of the target population (i.e. the teachers who did not respond
to the initial PD invitation), we used a multiple mode survey (Dillman, Smyth, and Christian
2014). First, we distributed an online survey through Qualtrics, with one initial invitation followed
by two reminders. We sent the reminder emails at different times during the school week in
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hopes of reaching more teachers. Of the 279 teachers emailed, 52 people took the survey and
five opted out. To reach more of the non-respondents, 50 additional teachers were identified
to be called by phone. These teachers were randomly selected using the random number
function in Excel from the teachers who did not respond to the emailed survey. The teachers
were initially called between 2-4pm to reach them after school. Each teacher was called a
maximum of three times. Eleven teachers were reached and nine completed the survey. The
teachers reached by phone were read the online survey verbatim in order to decrease variability
between the online surveys and phone surveys. Of the 279 individuals contacted, 62 took the
survey either by email or phone for a response rate of 22.22%. This study was conducted under
approval number 9400 from North Carolina State University’s Institutional Review Board. The
participants were provided an informed consent at the beginning of the survey and could only
access the questions if they selected agree. For those participating via phone call, the informed
consent was read and verbal consent was given before beginning the survey.

Instrument development

To better understand why respondents chose not to participate in the PD, a survey was devel-
oped based on expectancy-value theory in the context of teacher PD. Questions were developed
to examine the five factors from the Karabenick and Conley (2011) model. To examine these
five factors, we asked teachers, ‘Why did you choose not to participate?’ (in the CCPD oppor-
tunity). We then listed eight potential barriers to participation based on the factors in the model
(Table 1). Barriers based on motivation to teach science included: ‘l was not interested in the
subject; ‘I don't know enough about climate change’ and ‘Climate change is too controversial'
Barriers based on the PD features as well as prior PD experiences included ‘I do not have time
to teach the curriculum) ‘l do not have time to attend the professional development’ and ‘l was
already familiar with the content’ Barriers examining social support included ‘1 do not have
parental support’ and administrative support included ‘I do not have administrative support.
These barriers were identified from previous teacher PD research (e.g. Badri et al. 2016; Geldenhuys
and Oosthuizen 2015; Johnson 2006; Kwakman 2003; OECD 2009). We asked teachers to indicate
their level of agreement that those items were barriers to participation on a Likert scale ranging
from strongly disagree to strongly agree. We also solicited information on the teachers’ climate
change beliefs through a multiple-choice question utilized in the 2011 nation-wide climate
change survey (Leiserowitz, Smith, and Marlon 2011). In this question, the teachers were asked
whether they believed climate change was happening and how confident they were in their
answer. While we acknowledge current concerns about the term ‘belief’ when examining climate
change perceptions, the ‘Six Americas’ Survey (Leiserowitz, Smith, and Marlon 2011) is a com-
monly used tool in assessing perceptions of climate change (Monroe etal. 2019) and allows for
comparison with other studies (Busch, Henderson, and Stevenson 2019). The final survey was

Table 1. Relationship between factors that influence teacher motivation to participate in professional
development and the barriers included in the teacher survey.

Factor Barrier to participation
Motivation to Teach Science (influences attainment value, | was not interested in the subject.
intrinsic value, utility value, and cost) | do not know enough about climate change.

Climate change is too controversial.
Program Features and Prior PD Experiences (influences intrinsic | do not have time to teach this curriculum.

value, utility value, cost) | do not have time to attend the PD.
| am already familiar with the content.
Social Support (influences attainment value, intrinsic value, and | do not have parental support.
cost)
Administration Support (influences attainment value, utility value, | do not have administrative support.

and cost)
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reviewed by a panel of science education researchers for comprehension, clarity, and validity.
It had an acceptable level of internal consistency, as determined by a Cronbach’s alpha of .70
(Gliem and Gliem 2003).

Data analysis

We conducted data analyses using STATA 16.0. Descriptive statistics were determined for the
variables that included belief in climate change, causes of climate change, and whether or not
teachers remembered receiving the email invitation to participate in the study. We also calcu-
lated descriptive statistics for each of the perceived barriers to CCPD participation. Because
data were not normally distributed, we used the non-parametric Wilcoxon-Rank Sum to test
for differences in perceived barriers to CCPD participation between teachers who were confident
about their belief that climate change is or is not happening and teachers who were not con-
fident about their beliefs. Data is available upon request from the corresponding author.

Results

After cleaning the data, a total of 54 teachers had completed the entire survey either via email
or over the phone. When asked whether they believed the climate was changing, most of the
teachers (64.81%, n=35) were confident that climate change is happening but 31.37% (n=16)
were not confident, and 5.56% (n=3) chose not to respond.

Perceived barriers to CCPD participation

To examine the factors that influenced teachers’ decisions to participate in climate change PD,
the survey first asked the teachers why they did not attend the workshop. The biggest perceived
barrier to CCPD participation was lack of time for PD, with a mean of 4.07 out of 5.00 possible
points (SD = 1.10; Figure 2). Lack of time was the largest perceived barrier to CCPD participation
for teachers who were both confident in their belief that climate change was happening as
well as those teachers who were not confident (Figure 3). Lack of time to teach climate change
related content and considering oneself already familiar with climate change pedagogy were

45
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Mean Score

I do not have time 1do not have time | was already I do not have Ido not have the |was notinterested 1do not know Climate change is
for PD to teach the familiar with the  parental support administrative in the subject enough about too controversial
curriculum content support climate change

Perceived Barriers

Figure 2. Teachers’ mean response to whether or not factors were seen as a barrier to participating in
a climate change professional development opportunity. Error bars represent 95% confidence intervals.
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I do not have time |do not have time | was already | do not have | do not have the |was notinterested | do not know Climate change is
for PD to teach the familiar with the  parental support administrative in the subject* enough about too controversial
curriculum content support* climate change**

Perceived Barriers

Figure 3. Teachers’ mean response to whether or not factors were seen as a barrier to participating in
a climate change professional development opportunity, separated by whether or not they were con-
fident or not confident about their climate change beliefs. Error bars represent 95% confidence intervals.
Statistically significantly different factors are indicated by an *. * p<0.05, ** p<0.01.

Table 2. Teachers’ mean level of agreement as to whether these statements were barriers to partici-
pating in a climate change professional development opportunity.

Barrier N M SD Lower 95% Cl Upper 95% Cl
| do not have time for professional development 54 4.07* 1.10 3.78 436
| do not have time to teach the curriculum 54 3.198 1.39 2.82 3.56
| was already familiar with the content 54 3.098 1.10 2.80 3.38
| do not have support from parents 54 2.41¢ 1.17 2.10 2.72
| do not have support from administration 54 2.26¢ 1.05 1.98 2.54
| was not interested in the subject 54 2.24¢ 1.13 1.94 2.54
| did not know enough about climate change to 54 2.13¢ 1.08 1.84 2.42
feel comfortable teaching about it
| feel climate change is too controversial 54 2.11¢ 1.06 1.83 2.39

Note.M B € Statistically significant groupings of barriers. Groups indicated by letter.

identified as the second group of barriers to CCPD. These two items ranked as neutral in terms
of whether teachers saw them as barriers to participation. Finally, five items fell into a third
group of barriers to CCPD. These included lack of support from parents, lack of support from
administration, lack of interest in the subject, lack of enough knowledge to feel comfortable
teaching the subject, and feeling as though climate change is too controversial. These five items
were all below three, or neutral, meaning teachers disagreed that these items were barriers to
participating in the CCPD (Table 2).

To examine whether there were differences between teachers who were confident climate
change is happening and those who were not confident, we compared the two groups for
each of the eight barriers (Table 3). Of the eight barriers listed in the survey, teacher responses
varied significantly for three items. These included lack of support from the administration
(Confident in their beliefs about climate change: M=2.03, SD = 1.04; Not Confident in their
beliefs about climate change: M=2.69, SD = 1.01; p=0.044), lack of interest in the subject
(Confident: M=2.03, SD = 1.18; Not Confident: M=2.69, SD = 0.95; p=0.028), and lack of
enough knowledge on climate change to feel comfortable teaching about it (Confident:
M=1.86, SD = 1.09; Not Confident: M=2.69, SD = 0.87; p=0.006; Figure 3). While there is a
significant difference between groups for these three items, both groups still tended to rank
them as ‘disagree’ meaning they did not see them as a barrier to participating in the PD.
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Table 3. Teachers’ mean level of agreement as to whether these factors were
barriers to participating in a climate change professional development oppor-
tunity, based on whether or not they were confident or not confident in their
climate change beliefs.

Confident Not Confident
Barrier M SD M SD
I do not have time for professional development 4.11 1.16 3.94 1.00
| do not have time to teach the curriculum 2.91 1.46 3.63 1.15
| was already familiar with the content 3.14 117 3.13 0.96
| do not have support from parents 2.23 1.21 2.81 1.05
| do not have support from administration 2.03 1.04 2.69* 1.01
| was not interested in the subject 2.03 1.18 2.69* 0.95
| did not know enough about climate change to feel 1.86 1.09 2.69** 0.87

comfortable teaching about it

| feel climate change is too controversial 1.97 1.18 2.38 0.72

Note. "p<0.05, "p<0.01

The same trend existed for additional barriers, even though they were not significantly dif-
ferent for the two groups of teachers. Teachers who were not confident in their beliefs about
climate change, were more likely to perceive three of the remaining five choices as barriers
as opposed to those who were confident about their beliefs in climate change. The lack of
significant differences between the two groups could be due to small sample size in this
study (see Table 3). The two barriers that did not exhibit differences between groups were
time to participate and whether the teachers felt they were already familiar with the content
of the PD.

Discussion

Climate change education has been identified as an important tool for increasing climate
literacy among young people (Stevenson, Peterson, and Bondell 2018) and the general public
through intergenerational learning (Duvall and Zint 2007; Lawson etal. 2019). However, even
though climate change is included in the standard course of study in many countries (e.g.
NGSS Lead States 2013; Department for Education 2015; UNESCO 2010), teachers may shy away
from teaching about it in their classes. This study sought to add to the literature surrounding
general teacher PD by specifically examining what barriers teachers may perceive to partici-
pating in climate change specific PD. Having teachers who are prepared and willing to teach
about climate change is vital but first we must understand whether they will choose to attend
a PD opportunity designed to support them in teaching this subject.

Time as a barrier

This study examined teacher barriers to participating in a CCPD using the Professional
Development Motivation Model developed by Karabenick and Conley (2011) and expectancy-
value theory (Eccles and Wigfield 2002). Of particular interest were the portions of the model
focusing on teacher motivation to teach science (which includes self-efficacy and future goals),
the features of the PD opportunity (which includes teacher beliefs about the relevance and cost
of participating in the PD), previous experiences with PD, and perceived support which influence
teachers’ attainment value, intrinsic value, utility value and perceptions of cost when deciding
whether or not to participate in PD. When examining the data, features of the PD opportunity
were listed as the biggest barrier to participation. While we had initially hypothesized that
controversy associated with the topic of climate change would be the primary barrier to CCPD
participation, time to participate was the primary barrier reported by teachers in the study.
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This included both those teachers who were confident that climate change was happening as
well as those who were not confident. This finding suggests that rather than developing new
strategies specifically for CCPD, CCPD providers can focus on addressing common barriers to
participation in teacher PD using established research-based practices for high quality teacher
PD (e.g. Badri etal. 2016; Geldenhuys and Oosthuizen 2015; Johnson 2006; Kwakman 2003;
OECD 2009).

The concerns reported about time to participate suggest that teachers are not avoiding CCPD
opportunities due to the topic. As a whole, teachers disagreed with the statements that they
did not participate because the topic was too controversial or because they did not know
enough to teach the subject. For organizations who hope to offer climate change specific PD
opportunities, this suggests PD efforts should focus on minimizing time requirements for train-
ing. Embedding CCPD within school-based professional development would be one option to
reduce time constraints. Additionally, advertising the potential long-term time saving strategies
that would be offered during the PD (e.g. plug and play lessons) during recruitment may help
teachers see the time saving value of the PD.

While both groups of teachers agreed that time was the main barrier to participation, the
differences that existed between teachers with differing climate change beliefs suggests that
PD efforts should also consider obtaining support from school administration and focusing the
climate change content on local contexts. Research on climate change perceptions suggests
that climate change beliefs drive our perceptions of the world around us. This includes how
we interpret scientific information to form our climate change concern (Hamilton 2011), our
concepts about what policy steps should be taken (Leiserowitz, Maibach, and Roser-Renouf
2009), or even how our perceptions of the severity of specific weather events form (Cutler
2016). Understanding local audiences’ beliefs about climate change in order to properly frame
the content and focus on local contexts is vital for developing effective PD opportunities
(Brownlee, Powell, and Hallo 2013). Applying these techniques to recruiting materials may
increase the chances that teachers who hold a variety of climate change beliefs may attend.
They may also ensure that the workshops themselves are more effective at engaging teachers
in the material, subsequently increasing the quality of climate change education in the classroom.

Addressing barriers

The results of this study suggest that the barriers teachers perceive to participating in a climate
change specific PD opportunity are very similar to those barriers for other types of PD. When
planning climate change PD, organizations need to remember that there is no one solution that
will meet the needs of every teacher (Fields etal. 2012) and a wide range of tactics may be
needed to successfully recruit teachers to attend the PD opportunity. Teachers are busy and often
overworked so they are less likely to choose to spend their time on PD if they do not see the
relevance (Timperley et al. 2007). Organizers must help teachers understand that the CCPD oppor-
tunity is meaningful, usable, and practical so that teachers see the value in committing time to
the PD (Timperley etal. 2007). This study suggests efforts to reduce barriers to CCPD may be
more important in areas where teachers are less confident that climate change is happening.

In addition to helping teachers see the value of committing time to the PD, organizers should
help school districts understand the value of participation. Time is often the most significant
cost associated with professional development for districts (Gulamhussein 2013) and obtaining
administrative support may be crucial to getting teacher participation (Fields etal. 2012;
Timperley et al. 2007; Whitworth and Chiu 2015). This is particularly important as political barriers
such as district buy in and administrative support are the most difficult for teachers to overcome
(Johnson 2006). International research on teacher PD has found that school administrators not
only need to offer time for PD but also to develop a school culture that offers social support
from the administration and among the teachers (Evers, Van der Heijden, and Kreijns 2016). PD
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organizers should take opportunities to build relationships with the school systems they hope
to serve in order to increase administrative support.

Limitations

The greatest limitation to this study is the sample size and geographic restrictions as this was
limited to nonrespondent, middle school science teachers in coastal counties of a southeastern
state. There is a need to conduct this study with a larger population over a greater geographic
region. Additionally, demographic data for teachers was not collected to preserve their ano-
nymity. This prevents the data from being analyzed by gender, socioeconomic status, political
ideology, and other social factors that influence climate change beliefs. Care should be taken
when generalizing this study for other populations.

Conclusion

K-12 climate change education is considered imperative in moving towards a climate literate society,
therefore preparing teachers to effectively teach their students about the subject is key. This study
examined the barriers perceived by teachers who chose not to participate in a CCPD opportunity
that sought to mitigate many of the barriers traditionally expressed by teachers (a stipend, meals,
travel, and taking place outside of the school year). To better understand the barriers teachers
perceive surrounding climate change specific PD, we recommend similar studies should be con-
ducted with a larger sample of teachers in a wider geographic range. To gain more information
on teacher motivation, additional research should investigate how teacher agency and social cultural
barriers may influence teacher participation in CCPD. Future research should also explore how
changing time and location affects participation as well as examine the effectiveness of online
asynchronous climate change PD opportunities in increasing teacher participation.

Teachers have a vital role to play in creating a climate literate public. By educating youth
in climate issues and solutions, it may be possible to reach adult decision makers (Duvall and
Zint 2007; Lawson et al. 2019). Youth are better than adults at separating out facts about climate
science from socio-ideological biases (e.g. worldviews, political ideologies, gender identities
(Flora etal. 2014; Kahan 2012; Stevenson et al. 2014). Therefore, climate change education in
schools may have the opportunity to make real inroads in achieving a climate literacy society
where other approaches have not been as successful. However, this study suggests teachers
who are not confident climate change is real perceive barriers to CCPD as more difficult to
overcome than other teachers do. Thus, success of climate change education relies in part on
helping these teachers prepare to teach the subject and states must commit to professional
development in support of this goal (National Center for Science Education & Texas Freedom
Network Education Fund 2020).

Organizations offering CCPD opportunities must find ways to address the barriers to partic-
ipation teachers are facing. Increasing the characteristics that teachers find appealing in PD
opportunities as well as designing PD that is locally relevant may increase participation partic-
ularly for teachers who are not confident in their beliefs about whether climate change is
happening. Developing climate change education programs that are focused on connecting
participants to the information by making it meaningful and relevant has emerged as an
important theme in research assessing the success of climate change education (Monroe etal.
2019). To help educators connect with the content, researchers and organizers should identify
pre- and post-workshop activities to help the participants further engage with the content as
well as ways to support participants during the implementation of the new content (Lauer et al.
2014). Additionally, in classroom support has been identified as a method for improving teachers’
practice with new content and pedagogical skills (Johnson 2006; Maeng etal. 2020) and so
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researchers and institutions offering CCPD should explore ways to include classroom coaching
as part of their PD offerings.

Current research shows that time is the major barrier to participation in teacher PD no matter
the topic (e.g. Badri et al. 2016; Geldenhuys and Oosthuizen 2015; Johnson 2006; Kwakman 2003;
OECD 2009). Therefore, organizations offering climate change specific PD should further investigate
techniques to boost PD participation and think creatively about how to create time for teachers
to attend their PD opportunities. To identify the appropriate length for the PD as well as to guide
the scope of the workshop, researchers and organizers of CCPD should consider the use of a
needs assessment to best meet the needs of their participants (Lauer etal. 2014).

The results of this study also suggest administrative buy in is an important first step for decreas-
ing the barriers perceived by teachers who were not confident in their beliefs about whether
climate change is happening. Increasing administrative support is necessary in terms of both time
and money. School districts need to recommit to supporting teacher PD both in terms of time
and financial support. A 2012 study found that PD is often the first item cut during budget cuts
with 69.4% of school districts saying PD is the first line item they reduce in times of shortage
(Ellerson 2012). However, a report by the Center of Public Education found that districts may not
need to spend more money on PD for teachers but rather they need to identify how much they
are currently spending and examine ways to restructure current funds (Gulamhussein 2013).

Teacher professional development is important for teachers in all stages of their careers
(NSTA 2006). The National Science Teaching Association recommends finding ways to help PD
accommodate teachers’ busy schedules through opportunities offered at a variety of times
including in school, after school, as well as during the summer (2006). Finally, organizations
offering PD must help teachers understand the value of their opportunities and adhere to best
practices in PD implementation (NSTA 2006). By collaborating with local school districts, orga-
nizations offering climate change specific PD may be able to better recruit and sustain teacher’s
participation leading to more teachers who can effectively communicate climate change science
to their students.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This material is based upon work supported by the National Science Foundation Graduate Research Fellowship
Program under Grant No. DGE-1252376 as well by the North Carolina Sea Grant supported by the NOAA Office
of Sea Grant, United States Department of Commerce, under grant No. 2016-R/16-ELWD-1. Any opinions, findings,
and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily
reflect the views of the National Science Foundation, NOAA, or Sea Grant.

Notes on contributors

Dr. Megan Ennes is the Assistant Curator (Professor) of Museum Education in the Florida Museum of Natural
History at the University of Florida. A former museum educator, her research focuses on the use of online learning
in museums as well as how to support the professional development of museum educators. She also examines
how museums can support the science interests and career aspirations of underrepresented groups through
family programming.

Dr. Danielle Lawson is an Assistant Professor in the College of Health and Human Development & College of
Education at the Pennsylvania State University. Her research aims to help empower and elevate the voices of all
members of future and current generations to tackle complex global issues. She focuses on the three interrelated
thematic areas of environmental education, intergenerational learning, and social justice.



ENVIRONMENTAL EDUCATION RESEARCH e 775

Dr. Kathryn Stevenson is an Assistant Professor in the Department of Parks, Recreation & Tourism Management
at NC State University in Raleigh, NC, USA. She studies benefits of time in nature for children as well as how
children can help shape their communities’ responses to environmental challenges, including those related to
climate change.

Dr. M. Nils Peterson is a Professor of Fisheries, Wildlife, and Conversation Biology within the Department of
Forestry and Environmental Resources at NC State University. His research focuses on the human dimensions of
conservation biology.

Dr. Melissa (Gail) Jones has a PhD in Science Education from NC State University. Dr. Jones currently serves as
Alumni Distinguished Professor of Science Education teaching preservice and in-service teachers and conducting
research on virtual reality. informal education, and nanoscale science education. Dr. Jones’ research group is
currently researching new forms of technology for teaching science and strategies to enhance science capital
and family habitus for science.

ORCID

Megan Ennes http://orcid.org/0000-0002-7045-4900
Danielle F. Lawson http://orcid.org/0000-0002-6326-2257
Kathryn T. Stevenson http://orcid.org/0000-0002-5577-5861
M. Nils Peterson http://orcid.org/0000-0002-4246-1206

M. Gail Jones http://orcid.org/0000-0002-3815-510X

References

Aikenhead, G. S. 2003. “Review of Research on Humanistic Perspectives in Science Curricula” Paper presented at
the ESERA Conference, Nordwijkerhoud, The Netherlands. https://education.usask.ca/documents/profiles/aiken-
head/ESERA_2.pdf

Badri, M., A. Alnuaimi, J. Mohaidat, G. Yang, and A. Al Rashedi. 2016. “Perception of Teachers Professional
Development Needs, Impacts, and Barriers: The Abu Dhabi Case. SAGE Open 6 (3): 215824401666290.
doi:10.1177/2158244016662901.

Bales, S. N., J. Sweetland, and A. Volmert. 2015. “How to Talk About Oceans and Climate Change: A FrameWorks
MessageMemo.” FrameWorks Institute. http://www.frameworksinstitute.org/assets/files/PDF_oceansclimate/cli-
matechangeandtheocean_mm_final_2015.pdf

Bolsen, T., and M. A. Shapiro. 2017. “Strategic Framing and Persuasive Messaging to Influence Climate Change
Perceptions and Decisions.” In Oxford Research Encyclopedia of Climate Science. Retrieved 13 Apr. 2021, from
https://oxfordre.com/climatescience/view/10.1093/acrefore/9780190228620.001.0001/acrefore-
9780190228620-e-385. doi:10.1093/acrefore/9780190228620.013.385.

Brownlee, M. T,, R. B. Powell, and J. C. Hallo. 2013. “A Review of the Foundational Processes That Influence Beliefs
in Climate Change: Opportunities for Environmental Education Research!” Environmental Education Research 19
(1): 1-20. doi:10.1080/13504622.2012.683389.

Busch, K. C. 2016. “Polar Bears or People? Exploring Ways in Which Teachers Frame Climate Change in the Classroom.”
International Journal of Science Education, Part B 6 (2): 137-165. doi:10.1080/21548455.2015.1027320.

Busch, K. C.,, J. A. Henderson, and K. T. Stevenson. 2019. “Broadening Epistemologies and Methodologies in Climate
Change Education Research.” Environmental Education Research 25 (6): 955-971. doi:10.1080/13504622.2018.15
14588.

Cutler, M. J. 2016. “Class, Ideology, and Severe Weather: How the Interaction of Social and Physical Factors Shape
Climate Change Threat Perceptions among Coastal US Residents.” Environmental Sociology 2 (3): 1-285. doi:10
.1080/23251042.2016.1210842.

Darling-Hammond, L., M. E. Hyler, and M. Gardner. 2017. Effective Teacher Professional Development. Learning Policy
Institute, Palo Alto, CA.

Dawson, V. 2012. “Science Teachers' Perspectives about Climate Change.” Teaching Science 58 (3): 8-13.

Department for Education. 2015. “National Curriculum in England: Science Programmes of Study.” https://www.
gov.uk/government/publications/national-curriculum-in-england-science-programmes-of-study/national-curriculu
m-in-england-science-programmes-of-study

Dillman, D., J. Smyth, and L. Christian. 2014. “Mixed-Mode Questionnaires and Survey Implementation.” In Internet,
Phone, Mail, and Mixed-Mode Surveys: The Tailored Design Method, 398-449. John Wiley & Sons, Inc, Hoboken, NJ.

Drewes, A., J. Henderson, and C. Mouza. 2018. “Professional Development Design Considerations in Climate Change
Education: Teacher Enactment and Student Learning.” International Journal of Science Education 40 (1): 67-89.
doi:10.1080/09500693.2017.1397798.


http://orcid.org/0000-0002-7045-4900
http://orcid.org/0000-0002-6326-2257
http://orcid.org/0000-0002-5577-5861
http://orcid.org/0000-0002-4246-1206
http://orcid.org/0000-0002-3815-510X
https://education.usask.ca/documents/profiles/aikenhead/ESERA_2.pdf
https://education.usask.ca/documents/profiles/aikenhead/ESERA_2.pdf
https://doi.org/10.1177/2158244016662901
http://www.frameworksinstitute.org/assets/files/PDF_oceansclimate/climatechangeandtheocean_mm_final_2015.pdf
http://www.frameworksinstitute.org/assets/files/PDF_oceansclimate/climatechangeandtheocean_mm_final_2015.pdf
https://www.aasa.org/uploadedFiles/Policy_and_Advocacy/files/AASA%20Sequestration%20July%202012.pdf
https://www.aasa.org/uploadedFiles/Policy_and_Advocacy/files/AASA%20Sequestration%20July%202012.pdf
https://doi.org/10.1093/acrefore/9780190228620.013.385
https://doi.org/10.1080/13504622.2012.683389
https://doi.org/10.1080/21548455.2015.1027320
https://doi.org/10.1080/13504622.2018.1514588
https://doi.org/10.1080/13504622.2018.1514588
https://doi.org/10.1080/23251042.2016.1210842
https://doi.org/10.1080/23251042.2016.1210842
https://www.gov.uk/government/publications/national-curriculum-in-england-science-programmes-of-study/national-curriculum-in-england-science-programmes-of-study
https://www.gov.uk/government/publications/national-curriculum-in-england-science-programmes-of-study/national-curriculum-in-england-science-programmes-of-study
https://www.gov.uk/government/publications/national-curriculum-in-england-science-programmes-of-study/national-curriculum-in-england-science-programmes-of-study
https://doi.org/10.1080/09500693.2017.1397798

776 M. ENNES ET AL.

Duvall, J., and M. Zint. 2007. “A Review of Research on the Effectiveness of Environmental Education in Promoting
Intergenerational Learning.” The Journal of Environmental Education 38 (4): 14-24. doi:10.3200/JOEE.38.4.14-24.

Eccles, J. S, and A. Wigfield. 2002. “Motivational Beliefs, Values, and Goals" Annual Review of Psychology 53:
109-132.

Ellerson, N. M. 2012. “Cut Deep: How the Sequester Will Impact Our Nation’s Schools.” Report of Findings. American
Association of School Administrators. https://www.aasa.org/uploadedFiles/Policy_and_Advocacy/files/AASA%20
Sequestration%20July%202012.pdf

Evans, L., T. L. Milfont, and J. Lawrence. 2014. “Considering Local Adaptation Increases Willingness to Mitigate.”
Global Environmental Change 25: 69-75. doi:10.1016/j.gloenvcha.2013.12.013.

Evers, A. T, B. I. Van der Heijden, and K. Kreijns. 2016. “Organisational and Task Factors Influencing Teachers’
Professional Development at Work.” European Journal of Training and Development 40 (1): 36-55. doi:10.1108/
EJTD-03-2015-0023.

Fields, E. T., A. J. Levy, T. M. Karelitz, A. Martinez-Gudapakkam, and E. Jablonski. 2012. “The Science of Professional
Development.” Phi Delta Kappan 93 (8): 44-46. doi:10.1177/003172171209300810.

Fisher, S., R. Fitzgerald, and W. Poortinga. 2018. “Climate Change Social Divisions in Belief and Behaviour. In British
Social Attitudes: The 35th Report, edited by D. Phillips, J. Curtice, M. Phillips, and J. Perry. The National Centre
for Social Research, p. 1-27.

Flora, J. A., M. Saphir, M. Lappé, C. Roser-Renouf, E. W. Maibach, and A. A. Leiserowitz. 2014. “Evaluation of a
National High School Entertainment Education Program: The Alliance for Climate Education.” Climatic Change
127 (3-4): 419-434. doi:10.1007/s10584-014-1274-1.

Flurry, L. A, and A. C. Burns. 2005. “Children’s Influence in Purchase Decisions: A Social Power Theory Approach.”
Journal of Business Research 58 (5): 593-601. doi:10.1016/j.jbusres.2003.08.007.

Geldenhuys, J. L., and L. C. Oosthuizen. 2015. “Challenges Influencing Teachers’ Involvement in Continuous
Professional Development: A South African Perspective!” Teaching and Teacher Education 51: 203-212. doi:10.1016/j.
tate.2015.06.010.

Gliem, J. A, and R. R. Gliem. 2003. “Calculating, Interpreting, and Reporting Cronbach’s Alpha Reliability Coefficient
for Likert-Type Scales” Midwest Research-to-Practice Conference in Adult, Continuing, and Community Education,
The Ohio State University, Columbus, OH.

Gulamhussein, A. 2013. “Teaching the Teachers: Effective Professional Development in an Era of High Stakes
Accountability” Center for Public Education 1: 1-47.

Gulliver, A., K. M. Griffiths, and H. Christensen. 2012. “Barriers and Facilitators to Mental Health Help-Seeking for
Young Elite Athletes: A Qualitative Study.” BMC Psychiatry 12 (1): 157. doi:10.1186/1471-244X-12-157.

Hamilton, L. C. 2011. “Education, Politics and Opinions about Climate Change Evidence for Interaction Effects.”
Climatic Change 104 (2): 231-242. doi:10.1007/s10584-010-9957-8.

Henderson, J., and A. Drewes. 2020. Teaching Climate Change in United States. Routledge, London.

Herman, B. C., A. Feldman, and V. Vernaza-Hernandez. 2017. “Florida and Puerto Rico Secondary Science Teachers’
Knowledge and Teaching of Climate Change Science!” International Journal of Science and Mathematics Education
15 (3): 451-471. doi:10.1007/s10763-015-9706-6.

Hestness, E., R. C. McDonald, W. Breslyn, J. R. McGinnis, and C. Mouza. 2014. “Science Teacher Professional
Development in Climate Change Education Informed by the Next Generation Science Standards.” Journal of
Geoscience Education 62 (3): 319-329. doi:10.5408/13-049.1.

IPCC. 2018. “Global Warming of 1.5° C: An IPCC Special Report on the Impacts of Global Warming of 1.5°C Above
Pre-industrial Levels and Related Global Greenhouse Gas Emission Pathways, in the Context of Strengthening the Global
Response to the Threat of Climate Change, Sustainable Development, and Efforts to Eradicate Poverty. Intergovernmental
Panel on Climate Change. https://www.ipcc.ch/site/assets/uploads/2018/03/ipcc_far_wg_l_full_report.pdf.

Johnson, C. C. 2006. “Effective Professional Development and Change in Practice: Barriers Science Teachers Encounter
and Implications for Reform.” School Science and Mathematics 106 (3): 150-161. doi:10.1111/j.1949-8594.2006.
tb18172.x.

Johnson, R. M., S. Henderson, L. Gardiner, R. Russell, D. Ward, S. Foster, K. Meymaris, B. Hatheway, L. Carbone,
and T. Eastburn. 2008. “Lessons Learned through Our Climate Change Professional Development Program for
Middle and High School Teachers.” Physical Geography 29 (6): 500-511. doi:10.2747/0272-3646.29.6.500.

Kahan, D. M. 2012. “Cultural Cognition as a Conception of the Cultural Theory of Risk." In Handbook of Risk Theory:
Epistemology, Decision Theory, Ethics, and Social Implications of Risk, edited by S. Roeser, R. Hillerbrand, P. Sandin,
and M. Peterson. Springer, New York.

Karabenick, S. A., and A. Conley. 2011. Teacher Motivation for Professional Development. Ann Arbor: Math and
Science Partnership—Motivation Assessment Program, University of Michigan.

Kwakman, K. 2003. “Factors Affecting Teachers’ Participation in Professional Learning Activities” Teaching and
Teacher Education 19 (2): 149-170. doi:10.1016/50742-051X(02)00101-4.

Lauer, P. A, D. E. Christopher, R. Firpo-Triplett, and F. Buchting. 2014. “The Impact of Short-Term Professional
Development on Participant Outcomes: A Review of the Literature. Professional Development in Education 40
(2): 207-227. doi:10.1080/19415257.2013.776619.


https://doi.org/10.3200/JOEE.38.4.14-24
https://www.aasa.org/uploadedFiles/Policy_and_Advocacy/files/AASA%20Sequestration%20July%202012.pdf
https://www.aasa.org/uploadedFiles/Policy_and_Advocacy/files/AASA%20Sequestration%20July%202012.pdf
https://doi.org/10.1016/j.gloenvcha.2013.12.013
https://doi.org/10.1108/EJTD-03-2015-0023
https://doi.org/10.1108/EJTD-03-2015-0023
https://doi.org/10.1177/003172171209300810
https://doi.org/10.1007/s10584-014-1274-1
https://doi.org/10.1016/j.jbusres.2003.08.007
https://doi.org/10.1016/j.tate.2015.06.010
https://doi.org/10.1016/j.tate.2015.06.010
https://doi.org/10.1186/1471-244X-12-157
https://doi.org/10.1007/s10584-010-9957-8
https://doi.org/10.1007/s10763-015-9706-6
https://doi.org/10.5408/13-049.1
https://www.ipcc.ch/site/assets/uploads/2018/03/ipcc_far_wg_I_full_report.pdf
https://doi.org/10.1111/j.1949-8594.2006.tb18172.x
https://doi.org/10.1111/j.1949-8594.2006.tb18172.x
https://doi.org/10.2747/0272-3646.29.6.500
https://doi.org/10.1016/S0742-051X(02)00101-4
https://doi.org/10.1080/19415257.2013.776619

ENVIRONMENTAL EDUCATION RESEARCH e 777

Lawson, D. F, K. T. Stevenson, M. N. Peterson, S. J. Carrier, R. L. Strnad, and E. Seekamp. 2019. “Children Can Foster
Climate Change Concern among Their Parents” Nature Climate Change 9 (6): 458-462. doi:10.1038/
s41558-019-0463-3.

Lee, T. M., E. M. Markowitz, P. D. Howe, C. Y. Ko, and A. A. Leiserowitz. 2015. “Predictors of Public Climate Change
Awareness and Risk Perception around the World” Nature Climate Change 5 (11): 1014-1020. doi:10.1038/
nclimate2728.

Leiserowitz, A., E. W. Maibach, and C. Roser-Renouf. 2009. “Climate Change in the American Mind: Americans’
Climate Change Beliefs, Attitudes, Policy Preferences, and Actions.” Attitudes, Policy Preferences, and Actions.

Leiserowitz, A., N. Smith, and J. R. Marlon. 2011. “American Teens’ Knowledge of Climate Change.” Yale University.
New Haven, CT: Yale Project on Climate Change Communication. http://www.ourenergypolicy.org/wp-content/
uploads/2013/05/American-Teens-Knowledge-of-Climate-Change.pdf

Leeming, F. C,, B. E. Porter, W. O. Dwyer, M. K. Cobern, and D. P. Oliver. 1997. “Effects of Participation in Class
Activities on Children’s Environmental Attitudes and Knowledge.” The Journal of Environmental Education 28 (2):
33-42. doi:10.1080/00958964.1997.9942821.

Lovell, G., W. El Ansari, and J. K. Parker. 2010. “Perceived Exercise Benefits and Barriers of Non-Exercising Female
University Students in the United Kingdom." International Journal of Environmental Research and Public Health
7 (3): 784-798. doi:10.3390/ijerph7030784.

Maeng, J. L., B. A. Whitworth, R. L. Bell, and D. R. Sterling. 2020. “The Effect of Professional Development on
Elementary Science Teachers’ Understanding, Confidence, and Classroom Implementation of Reform-Based
Science Instruction.” Science Education 104 (2): 326-353. http://www.10.1002/sce.21562. doi:10.1002/sce.21562.

Maibach, E., C. Roser-Renouf, and A. Leiserowitz. 2009. “Global Warming’s Six Americas 2009: An Audience
Segmentation Analysis.” https://cdn.americanprogress.org/wp-content/uploads/issues/2009/05/pdf/6americas.pdf

Mason, L., and F. Scirica. 2006. “Prediction of Students’ Argumentation Skills about Controversial Topics by
Epistemological Understanding.” Learning and Instruction 16 (5): 492-509. doi:10.1016/j.learninstruc.2006.09.007.

McCright, A. M., and R. E. Dunlap. 2011a. “Cool Dudes: The Denial of Climate Change among Conservative White
Males in the United States.” Global Environmental Change 21 (4): 1163-1172. doi:10.1016/j.gloenvcha.2011.06.003.

McCright, A. M., and R. E. Dunlap. 2011b. “The Politicization of Climate Change and Polarization in the American
Public’s Views of Global Warming, 2001-2010." The Sociological Quarterly 52 (2): 155-194. doi:10.1111/j.1533-
8525.2011.01198.x.

Ministry of Education, Culture, Sports, Science and Technology. 2012. “Guidelines for the UNESCO Associated
Schools in Japan!” http://www.mext.go.jp/en/unesco/title04/detail04/1373242.htm

Monroe, M. C,, R. R. Plate, A. Oxarart, A. Bowers, and W. A. Chaves. 2019. “Identifying Effective Climate Change
Education Strategies: A Systematic Review of the Research.” Environmental Education Research 25 (6): 791-812.
doi:10.1080/13504622.2017.1360842.

Moser, S. C., and L. Dilling. 2007. “Toward the Social Tipping Point: Creating a Climate for Change.” In Creating a
Climate for Change: Communicating Climate Change and Facilitating Social Change, S. C. Moser & L. Dilling (Eds.),
Cambridge: Cambridge University Press p.491-516.

National Center for Science Education & Texas Freedom Network Education Fund. 2020. “Making the Grade? How
State Public School Science Standards Address Climate Change.” https://climategrades.org/

NGSS Lead States. 2013. Next Generation Science Standards: For States, by States. The National Academies Press,
Washington.

NSTA. 2006. “NSTA Position Statement: Professional Development in Science Education Introduction.” http://www.
nsta.org/about/positions/profdev.asp

OECD. 2009. Creating Effective Teaching and Learning Environments: First Results from TALIS. OECD Publishing, Paris,
France.

Plutzer, E., A. L. Hannah, J. Rosenau, M. S. McCaffrey, M. Berbeco, and A. H. Reid. 2016. “Mixed Messages: How
Climate Change Is Taught in America’s Public Schools.” National Center for Science Education. http://ncse.com/
files/MixedMessages.pdf

Plutzer, E.,, M. McCaffrey, A. L. Hannah, J. Rosenau, M. Berbeco, and A. H. Reid. 2016. “Climate Confusion among
US Teachers.” Science 351 (6274): 664-665. doi:10.1126/science.aab3907.

Roman, D., and K. C. Busch. 2016. “Textbooks of Doubt: Using Systemic Functional Analysis to Explore the Framing
of Climate Change in Middle-School Science Textbooks.” Environmental Education Research 22 (8): 1158-1180.
doi:10.1080/13504622.2015.1091878.

Shea, N. A., C. Mouza, and A. Drewes. 2016. “Climate Change Professional Development: Design, Implementation,
and Initial Outcomes on Teacher Learning, Practice, and Student Beliefs." Journal of Science Teacher Education
27 (3): 235-258. doi:10.1007/s10972-016-9456-5.

Simon, A., A. Volmert, A. Bunten, and N. Kendall-Taylor. 2014. “The Value of Explanation: Using Values and Causal
Explanations to Reframe Climate and Ocean Change! FrameWorks Institute.

Stein, M. K., M. S. Smith, and E. Silver. 1999. “The Development of Professional Developers: Learning to Assist
Teachers in New Settings in New Ways" Harvard Educational Review 69 (3): 237-270. doi:10.17763/
haer.69.3.h2267130727v6878.


https://doi.org/10.1038/s41558-019-0463-3
https://doi.org/10.1038/s41558-019-0463-3
https://doi.org/10.1038/nclimate2728
https://doi.org/10.1038/nclimate2728
http://www.ourenergypolicy.org/wp-content/uploads/2013/05/American-Teens-Knowledge-of-Climate-Change.pdf
http://www.ourenergypolicy.org/wp-content/uploads/2013/05/American-Teens-Knowledge-of-Climate-Change.pdf
https://doi.org/10.1080/00958964.1997.9942821
https://doi.org/10.3390/ijerph7030784
http://www.10.1002/sce.21562
https://doi.org/10.1002/sce.21562
https://cdn.americanprogress.org/wp-content/uploads/issues/2009/05/pdf/6americas.pdf
https://doi.org/10.1016/j.learninstruc.2006.09.007
https://doi.org/10.1016/j.gloenvcha.2011.06.003
https://doi.org/10.1111/j.1533-
https://doi.org/10.1111/j.1533-
http://www.mext.go.jp/en/unesco/title04/detail04/1373242.htm
https://doi.org/10.1080/13504622.2017.1360842
https://climategrades.org/
http://www.nsta.org/about/positions/profdev.asp
http://www.nsta.org/about/positions/profdev.asp
http://ncse.com/files/MixedMessages.pdf
http://ncse.com/files/MixedMessages.pdf
https://doi.org/10.1126/science.aab3907
https://doi.org/10.1080/13504622.2015.1091878
https://doi.org/10.1007/s10972-016-9456-5
https://doi.org/10.17763/haer.69.3.h2267130727v6878
https://doi.org/10.17763/haer.69.3.h2267130727v6878

778 M. ENNES ET AL.

Stevenson, K. T., M. N. Peterson, and H. D. Bondell. 2018. “Developing a Model of Climate Change Behavior among
Adolescents.” Climatic Change 151 (3-4): 589-603. d0i:10.1007/510584-018-2313-0.

Stevenson, K. T., M. N. Peterson, H. D. Bondell, S. E. Moore, and S. J. Carrier. 2014. “Overcoming Skepticism with
Education: Interacting Influences of Worldview and Climate Change Knowledge on Perceived Climate Change
Risk among Adolescents.” Climatic Change 126 (3-4): 293-304. doi:10.1007/s10584-014-1228-7.

Stuckey, M., A. Hofstein, R. Mamlok-Naaman, and I. Eilks. 2013. “The Meaning of ‘Relevance’ in Science Education
and Its Implications for the Science Curriculum. Studies in Science Education 49 (1): 1-34. doi:10.1080/030572
67.2013.802463.

Sullivan, S. M. B, T. S. Ledley, S. E. Lynds, and A. U. Gold. 2014. “Navigating Climate Science in the Classroom:
Teacher Preparation, Perceptions and Practices.” Journal of Geoscience Education 62 (4): 550-559.
doi:10.5408/12-304.1.

Thomson, M. M., and E. Kaufmann. 2013. “Elementary Teachers’ Views of Their Science Professional Development
Attendance: An Expectancy-Value Approach.” Eurasia Journal of Mathematics, Science & Technology Education 9
(1): 45-58.

Timperley, H., A. Wilson, H. Barrar, and I. Fung. 2007. “Teacher Professional Learning and Development: Best
Evidence Synthesis Iteration [BES] Ministry of Education. http://www.oecd.org/education/school/48727127.pdf

UNESCO. 2010. “Climate Change Education for Sustainable Development: The Climate Change Initiative” UNESCO.
https://unesdoc.unesco.org/ark:/48223/pf0000190101

US Global Change Research Program. 2009. “Climate Literacy: The Essential Principles of Climate Science! https://
downloads.globalchange.gov/Literacy/climate_literacy_highres_english.pdf

US Global Change Research Program. 2014. “National Climate Assessment.” http://nca2014.globalchange.gov/

Vollerberg, W. A. M., J. ledema, and Q. A. W. Raaijmakers. 2001. “Intergenerational Transmission and the Formation
of Cultural Orientations in Adolescence and Young Adulthood.” Journal of Marriage and Family 63: 1185-1198.

Waldron, F, B. Ruane, R. Oberman, and S. Morris. 2019. “Geographical Process or Global Injustice? Contrasting
Educational Perspectives on Climate Change.” Environmental Education Research 25 (6): 895-911. doi:10.1080/1
3504622.2016.1255876.

Whitworth, B. A., and J. L. Chiu. 2015. “Professional Development and Teacher Change: The Missing Leadership
Link.” Journal of Science Teacher Education 26 (2): 121-137. doi:10.1007/s10972-014-9411-2.

Wise, S. 2010. “Climate Change in the Classroom: Patterns, Motivations, and Barriers to Instruction among Colorado
Science Teachers!” Journal of Geoscience Education 58 (5): 297-309. doi:10.5408/1.3559695.


https://doi.org/10.1007/s10584-018-2313-0
https://doi.org/10.1007/s10584-014-1228-7
https://doi.org/10.1080/03057267.2013.802463
https://doi.org/10.1080/03057267.2013.802463
https://doi.org/10.5408/12-304.1
http://www.oecd.org/education/school/48727127.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000190101
https://downloads.globalchange.gov/Literacy/climate_literacy_highres_english.pdf
https://downloads.globalchange.gov/Literacy/climate_literacy_highres_english.pdf
http://nca2014.globalchange.gov/
https://doi.org/10.1080/13504622.2016.1255876
https://doi.org/10.1080/13504622.2016.1255876
https://doi.org/10.1007/s10972-014-9411-2
https://doi.org/10.5408/1.3559695

	Its about time: perceived barriers to in-service teacher climate change professional development
	ABSTRACT
	Methods
	Instrument development
	Data analysis

	Results
	Perceived barriers to CCPD participation

	Discussion
	Time as a barrier
	Addressing barriers
	Limitations

	Conclusion
	Disclosure statement
	Notes on contributors
	ORCID
	References



