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Place-based climate change: lowering students' psychological 
distance through a classroom activity
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ABSTRACT Psychological distance (PD) can be a barrier to how students perceive 
climate change impacts and severity. Localizing climate change using place-based 
approaches is one way instructors can structure their curricula to help combat stu
dents' PD, especially from a spatial and social viewpoint. We created a novel classroom 
intervention that incorporated elements of place-based education and the Teaching 
for Transformative Experiences in Science model that was designed to lower under
graduate biology students' spatial and social distance of climate change. Our research 
questions sought to determine whether students' PD changed following our interven
tion and whether variables beyond our intervention might have contributed to changes 
we identified. To measure the efficacy of our intervention, we administered a survey 
that contained several instruments to measure students' recognition and psychologi
cal distance of climate change pre- and post-intervention. We found that students' 
psychological distance to climate change decreased after participating in our classroom 
intervention. Additionally, course level was the only outside variable we identified as 
a predictor of students' post-activity scores. Participation in our activity lowered our 
students' spatial and social psychological distance, which could have impacts beyond 
the classroom as these students become the next generation of scientists and voters.

KEYWORDS climate change, education, classroom intervention, university students, 
biology, psychological distance, teaching for transformative experience (TTES)

T he ever-present threat of climate change has increased the interest in and need 
for instructors to include climate change in undergraduate student curricula (1, 

2). However, the global and interdisciplinary complexity of climate change can create 
barriers for instructors, making it difficult to incorporate the topic into their exist
ing classroom curricula (2). In the classroom, instructors often frame climate change 
primarily within a global context, which can impact how students understand climate 
change and perceive its severity (3, 4). Further, this globalized framing can increase the 
distance in which students perceive the impacts of climate change (5, 6). The construct 
of psychological distance (PD) is often used to describe the perceived distance between 
an individual and climate change across multiple scales (e.g., spatial, social, temporal, 
and hypothetical) (7; Fig. 1). Individuals might experience one or multiple levels of 
psychological distance at any given time.

Increased psychological distance is considered a barrier to climate change action (8). 
Lowering a person's PD can lead to an elevated concern for climate change (4, 6, 9) and 
sometimes increased performance of sustainable actions and behaviors (10). Some 
research suggests that proximizing climate change, or making it more personally 
relevant, can lower an individual's psychological distance leading to increased concern 
and action (8, 11). However, other research indicates that simply personalizing climate 
change may not have the desired effect (12) and can sometimes lead to lowered concern 
for climate change (13). Prior beliefs regarding climate change may also contribute to the 
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decreased effect that proximizing climate change has on an individual (14). Additionally, 
intense experiences with climate-related disasters can lead to increased fear associated 
with climate change impacts leading some individuals to further distance themselves 
from climate change problems instead of increasing their concern or action (15).

Duke and Holt (16) found that university students who had lower levels of spatial 
psychological distance were more aware of localized effects of climate change and 
were able to provide observational examples suggesting that PD could be a valuable 
construct to utilize in educational settings. Furthermore, Gubler et al. (4) found that PD 
is an important predictor of climate change concern in student populations. Studies 
have shown that an individual's PD is not static and can change when new information 
is presented (17, 18). If true, targeting psychological distance through curricula and 
classroom activities could be an effective strategy for increasing students' concern for 
climate change.

Strategies to create personally relevant curricula are frequently discussed in the 
literature, especially in relation to climate change education (2, 5, 19, 20). Place-based 
education (PBE) is used to engage students in their local communities, including local 
environments, and is often targeted by instructors seeking to increase environmental 
awareness in their students (21, 22). In addition to PBE, the teaching for transformative 
experience model offers a way to further personalize climate change for students. The 
construct of transformative experience is rooted in the concept of personal relevance 
describing student experiences as “a learning episode in which a student acts on the 
subject matter by using it in everyday experience to more fully perceive some aspect 
of the everyday world and finds meaning in doing so” (23, p. 111). Meaningful student 
learning is achieved through genuine experiences that can be directly applied to the 
student's life, allowing more value to be placed upon the content learned (23, 24). 
Through these transformative experiences, students begin to see the content in new 
ways and use this new information to expand their perceptions of the phenomena 
of interest (25). There is limited research that uses these constructs (i.e., place-based 
education, TTES) in tandem to effectively personalize course curricula (26).

FIG 1 Figure depicting proximal versus distant levels of psychological distance.
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Research questions

Our study aimed to determine the efficacy of a purposefully designed classroom 
intervention to lower the spatial and social psychological distance of climate change 
among biology undergraduate students. To better localize climate change, our activity 
takes a novel approach by combining concepts from place-based education (PBE) and 
the Teaching for Transformative Experiences in Science (TTES) model. Our study included 
two key research questions. RQ 1: Following a classroom intervention, does biology 
students' spatial and social psychological distance (PD) associated with climate change 
change? RQ 2: What factors (political party, gender, other PD scales, etc.) best predict 
students' spatial and social PD?

METHODS

Data collection for this study was conducted with permission from the Institutional 
Review Board at the University of Northern Colorado where the primary investigators are 
affiliated (IRB No. 2208042211). We used convenience sampling (27) to recruit biology 
instructors from two higher education institutions in Colorado (CO) and Georgia (GA) 
to include our intervention in their classrooms in either the Fall 2022 or Spring 2023 
semesters. We chose biology students because (1) we assumed these students would 
have a basic understanding of climate change and (2) previous research suggested that 
this population shows variance in their psychological distance to climate change (16).

Sites and participants

We contacted ten instructors across four institutions in CO and GA, and five of 
these instructors representing two institutions agreed to use our intervention in their 
classrooms and collect pre- and post-activity survey data (Table 1). All undergraduate 
biology students in recruited classes (n = 685) participated in a four-part classroom 
intervention in their respective course (lab, lecture, or hybrid setting; see Climate Change 
Intervention Overview for further details); however, only students who provided consent 
for the use of their data and those who completed both the pre- and post-surveys 
are included in the present study (n = 471). Consent was secured from each student 
participant before completing the pre- and post-intervention survey. Our final sample 
of 471 participants primarily resided in Georgia (n = 392), were sophomores (n = 128), 
identified as female (n = 309), and were white (n = 251) (Appendix S1).

Climate change intervention overview

This intervention (Appendix S3) specifically targets students' spatial and social psycho
logical distance (PD) of climate change, with the goal of lowering students' PD across 
each scale (6, 7). We chose to target students' spatial PD because it was a significant 
predictor of students seeing the effects of localized climate change in another study 
(16). Next, we selected social PD because research suggests that students are often 
unaware of how climate change impacts humans, including themselves (3). Focusing 

TABLE 1 Courses, states, and institutions from which participants were recruitedb

Courses Course level Course taught State Institutiona Removed Final sample size

Ecology Advanced Lab CO A1 12 31

Ecology Advanced Lab CO A2 3 34

Ecoclimatology Advanced Lecture CO A 12 14

Intro Biology II 

(majors)

Intro Lab GA B 199 335

Ecology Advanced Hybrid GA B 6 57
aNumbers next to institution letters denote multiple sections of the same course.
bMultiple universities were sampled in each state and are anonymized and noted with letters. Some students were 
removed from the data set for incomplete surveys (n = 72), duplicate data (n = 21), completing the activity in 
multiple courses (n = 3), completing the pre-survey early (n = 13), or not consenting to their data being used in the 
study (n = 105). Sample size indicates the final sample from each course population after removals.

Research Article Journal of Microbiology and Biology Education

April 2024  Volume 25  Issue 1 10.1128/jmbe.00168-23 3

https://docs.google.com/document/d/1QQR9bBUt9WcP8Glcv_F35WwcqOIjPChW0Cc65fKEVmo/edit?usp=sharing
https://doi.org/10.1128/jmbe.00168-23


on spatial and social PD also allowed us to make our activity more localized, personally 
relevant, and meaningful to our student population by using place-based approaches 
to orient our intervention in the students' local area (2, 6, 19, 28). Finally, we incorpora
ted elements of the TTES model to foster “reseeing” of climate change effects in our 
students' local environments (25, 29) and support our students' expansion of perception 
of how climate change affects their local areas (23).

The intervention is divided into three scaffolded activities, followed by small group 
share sessions, designed to address our research questions and student learning 
objectives (Appendix S3). Part 1 aimed to make climate change more personally relevant; 
students collaborated in small groups to explore local impacts of climate change on 
natural systems at different spatial scales and shared their findings with other groups. 
Part 2 targeted both spatial and social psychological distances and making climate 
change more personally relevant; students collaborated in small groups to explore local 
impacts of climate change on humans and shared their findings. Part 3 allowed students 
to “resee” and expand their perception of climate change effects on local communities. 
Through a campus walk, students predicted how climate change currently impacts their 
local environment currently and in the future.

Pre- and post-intervention survey

Since our RQ 1 sought to determine the impact of our intervention on students' social 
and spatial PD, participants were given an online pre-survey immediately before the 
activity and a post-survey the week following the activity. Students were awarded no 
compensation for sharing their data as part of the study. The pre- and post-surveys were 
identical to allow for comparison.

Our survey combined several validated instruments (Appendix S2) adapted from 
Spence et al. (6) and Gubler et al. (4), and we analyzed four of the scales for this study 
(Fig. 2). Each scale included several statements that were rated by students with a 5-level 
Likert scale, and then later consolidated through arithmetic averaging. The first two 
scales measured spatial PD and the latter two scales measured social PD. First, one of 

FIG 2 Four psychological distance scales included in our student pre- and post-survey. Each question was scored on a 5-point Likert scale (1 = strongly disagree; 

2 = disagree; 3 = neither agree or disagree; 4 = agree; 5 = strongly agree).
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the spatial scales we call the Geographic Climate Awareness Scale (GeoCC) was highly 
reliable with university students in a previous study (16), and our data were also highly 
reliable with this scale (Pre-Survey Cronbach's = 0.89; Post-Survey Cronbach's = 0.95).

Second, we created the Ecosystem Impacts of Climate Change Scale to measure 
spatial PD through a novel lens, focusing on whether students' perceived specific 
ecosystems in the state where their university is located are “likely to be impacted” 
by climate change. The ecosystems chosen for this scale were tailored to the state where 
the intervention was conducted (Fig. 2). The number of items on the ecosystem scale 
varied by location (CO = 6, GA = 7; Fig. 2). This novel scale was highly reliable for our 
population (EcoCC; CO Pre-Survey Cronbach's ⍺ = 0.90; CO Post-Survey Cronbach's ⍺ = 
0.94; GA Pre-Survey Cronbach's ⍺ = 0.93; GA Post-Survey Cronbach's ⍺ = 0.95).

Next, we used two scales to capture social PD. Our third metric, which measured 
students' social PD, we called the Self Climate Change Impacts Scale (SelfCC; Pre-Sur
vey Cronbach's = 0.76; Post-Survey Cronbach's ⍺ = 0.86). Finally, we created a Human 
Impacts of Climate Change Scale for social distance. This scale allowed us to further 
measure our students' social PD through a personal lens to determine how they (or their 
friends and family) have been impacted by climate change (e.g., economy, recreation; 
Fig. 2). This scale was also reliable for our population (HumCC; Pre-Survey Cronbach's ⍺ = 
0.90; Post-Survey Cronbach's ⍺ = 0.96).

In the final section of the survey, we collected student information including gender, 
race/ethnicity, region, course level, academic level, political identity (e.g., conservative, 
liberal), and political party affiliation, most of which were collected to describe our 
population. Additionally, we hoped to seek general trends between the students' region 
of longest residence and their spatial and social PD of climate change. We provided 
students with a map of the United States and asked them to indicate the regional area 
where they have lived most of their lives (Appendix S2; Question #1).

Data analysis

Student data were deidentified prior to analysis. Most analyses were conducted using 
the statistical program R (30). Cronbach's ⍺ was utilized to determine the reliability 
of the psychological distance scales and was conducted using the “psych” package 
(31). Before choosing the statistical tests for our study, we ran a Shapiro-Wilk test and 
examined Q-Q plots, which indicated that our data did not follow a normal distribution 
(P < 0.05), so non-parametric tests were chosen to analyze our data. Further, many of 
our response variables and predictors were multicollinear; thus, we used models for 
which these are not an assumption. Each of the four scales measuring aspects of PD was 
analyzed as response variables in separate models. A Wilcoxon Signed Rank test helped 
identify paired differences in pre- and post-survey scores across each of our response 
variables. Effect sizes were calculated for any significant relationships (P < 0.05) using the 
“wilcox_effsize” function in the “coin” package in R (32).

To determine which factors (e.g., gender, political identity, other PD scales) best 
predicted scores on the PD scales, we performed non-parametric multiplicative 
regressions (NPMR) using HyperNiche version 2.0 (33). This regression type is primarily 
used for ecological modeling; however, its ability to model complex interactions using 
all possible combinations of factors is fitting for educational data (33). Each model 
fits a local mean using a Gaussian function and separate smoothing parameters or 
“tolerances”, for each predictor (34). We conducted eight sets of NPMR models, two for 
each scale. For our first set of four models, we forced models for each scale with matched 
pre-survey scores as the sole predictor of post-survey score (e.g., GeoCC Pre as the only 
predictor of GeoCC Post scores; Table 2). These models served as proxies for the effect 
of our intervention on each participant's social and spatial PD. The second set of four 
models utilized the free-search function of HyperNiche that uses an iterative process 
to fit hundreds of potential models in a forward, stepwise manner (33, 34). For these 
models, we used post-survey scores as the response variable fitted against 10 possible 
predictors, including pre-survey scores for that scale, post-survey scores for the other 
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three scales, and six student factors (e.g., academic level, course level, gender, political 
affiliation, political identity, race/ethnicity, and region). We evaluated each model fit 
using a leave-one-out cross-validated pseudo-R2 or xR2, which helps reduce model 
overfitting (33, 34).

RESULTS

RQ 1: students' spatial and social psychological distance (PD) lowered 
following a classroom intervention

For both pre- and post-survey scores for the two spatial metrics (Geographic and 
Ecosystem scales), the interquartile range was primarily above 4 on a scale of 5 possible 
points suggesting fairly low spatial psychological distance in our sample (Fig. 3). Of the 
two social metrics, the interquartile ranges of the pre- and post-survey Human scale 
scores were lower than the spatial metrics but above 3 points, the mid-score value 

FIG 3 Violin plots of averaged categorical data from the two spatial metrics (Geographic and Ecosystem; green) and two social metrics (Self and Human; blue), 

separated by whether they were gathered prior to or following the climate change intervention. Figure 2 includes the items for each scale.

TABLE 2 Best-fit models included for each response variablea

Intervention models (pre-only) Best-fit models from nine possible predictors Model comparison

Response type Response variable Variable xR² Variable 1 Variable 2 Variable 3 Variable 4 xR² xR² difference

Post-Survey 

Models

GeoCC Post GeoPre (0.20000) 0.3158 GeoPre 

(0.40000)

SelfPost 

(0.70000)

HumPost 

(0.40000)

EcoPost 

(0.60000)

0.5978 0.282

SelfCC Post SelfPre (0.35000) 0.2783 GeoPost 

(0.60000)

SelfPre 

(0.52500)

HumPost 

(0.40000)

N/A 0.4937 0.2154

HumCC Post HumPre (0.40000) 0.2936 SelfPost 

(0.35000)

HumPre 

(0.60000)

EcoPost

(0.40000)

N/A 0.6131 0.3195

EcoCC Post EcoPre (0.40000) 0.2959 GeoPost 

(0.40000)

HumPost 

(0.20000)

Course

(0.00000)

N/A 0.6449 0.349

aEach predictor variable is included with the tolerance included in parentheses
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(Fig. 3). The other social metric, Self CC scale, had the lowest scores of the four scales 
(i.e., greatest PD; Fig. 3). Overall, participants scored higher on the post-survey across 
all four scales (i.e., lower PD following intervention). We found the paired difference in 
pre- and post-scores for each scale significantly differed from zero. Both spatial metrics 
(Geographic: P < 0.001, d = 0.39; Ecosystem: P < 0.001, d = 0.45) and the Self scale of the 
social metrics (P < 0.001, d = 0.48) had moderate effect sizes of this difference (sensu; 35). 
The Human scale of the social metrics (P < 0.001, d = 0.52) had a large effect size, where 
PD was reduced following the intervention (i.e., higher scale scores on post-surveys).

RQ 2: what factors contribute to differences in students' spatial and social 
PD?

The pre-scores only models explained ≥27% of the variance in each model (Table 2). Our 
best-fit free-search models for each of the four metrics explained ≥49% of the variance in 
each scale (Table 2). The four models with any possible predictors explained roughly two 
times as much variance in each scale as the pre-scores only models (Table 2). The best 
predictors in the free-search models included post-scores of other scales and pre-scores 
of that scale, excepting the Ecosystem CC scale (Table 2). Course level, which separated 
the introductory biology students from those in advanced biology courses, was the only 
student variable included as a predictor in the best-fit models of all predictors and was 
only included in the Ecosystem CC free-search model (Table 2).

DISCUSSION

Individuals with lower psychological distance to climate change are often more 
concerned about climate change (4, 6, 9), have increased environmental awareness 
(16), and sometimes perform more environmentally responsible behaviors (10, 11, 15). 
Our biology undergraduate sample generally had moderate to low spatial and social 
psychological distance to climate change at the start of the semester, suggesting that 
these students had some understanding of how climate change impacts local human 
and natural environments prior to participating in our intervention. Following participa
tion, we found positive, significant increases in students' PD scale scores, i.e., reductions 
in their PD with time when compared to their pre-intervention scores (Fig. 3).

Research indicates that using visuals and maps, as used in our study, is important for 
communicating climate change and, when effective, can help to localize climate change, 
potentially leading to increased concern and engagement (19, 36, 37). After completing 
the intervention, we saw a decrease in students' spatial and social PD, which indicates 
an effective localization of climate change for our participants. Other studies have used 
different educational approaches in lowering PD through inquiry-based learning (38) 
and gamification (39, 40). Notably, Fox et al. (40) had university students complete an 
activity focusing on human-induced environmental impacts (e.g., pollution and illegal 
dumping) on rivers using an interactive video game and found that students who 
interacted with local rivers in the activity experienced a decrease in their spatial and 
temporal distance to their local environment. In our study, we saw a similar decrease 
in students' spatial distance associated with local ecosystems (Fig. 3), suggesting an 
increase in their environmental awareness of climate change impacts at the local level.

We noted the most significant pre- to post-survey increase and effect size for our 
Human PD scale following our classroom intervention (Fig. 3). Before our intervention, 
most of our university students exhibited moderate social PD that decreased following 
participating in our activity. With younger students, Gubler et al. (4) found that, while 
some middle and high school students were aware that climate change was directly 
impacting them, the majority believed that the effects would impact people in other 
locations. Personal experiences with climate change effects can reduce an individual's 
social distance, increasing their concern and understanding of risk (41, 42). These 
personal experiences develop over time, which might explain the higher social PD that 
Gubler et al. (4) observed. The relatively high average student score on the Human PD 
scale (i.e., moderate social PD) suggests that some of our students may already have 
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personal experiences (i.e., recent destructive wildfires in CO) with climate change that 
they were able to recall during the pre-survey (Fig. 3). Although many students in our 
study initially acknowledged that they are affected by climate change, they may have 
been unsure of the details or severity of these impacts (6, 40). Our intervention may 
have helped solidify these personal experiences by filling in knowledge gaps, resulting in 
increased post-survey scores (i.e., decreased social PD).

Our NPMR models indicated that matched pre- and post-scores from different scales 
were better predictors of PD than other student variables (e.g., political identity, gender). 
While other research has indicated that demographic variables such as gender (43, 
44), political party (45, 46), and geographic location (16, 47) are important predictors 
of climate change acceptance, awareness, and concern among individuals, we did not 
observe this relationship in our data. Of the five student variables included in our NPMR 
models, only Course Level was a strong predictor and it only manifested in one model 
as the third predictor after two others (e.g., EcoCC Post; Table 2). The Ecosystem CC 
scale focuses on how different ecosystems in the participants' state are impacted by 
climate change, which may be challenging for introductory-level biology students whose 
post-scores were generally lower than those of advanced biology students because they 
may not have yet developed strong ecological literacy (48). Alternatively, our ecology 
students' pre-Ecosystem CC scores were relatively high but their change over time may 
be limited by a ceiling effect (49, 50). Overall, our results are encouraging and suggest 
that regardless of most student characteristics we measured (academic level, gender, 
political identity, race/ethnicity, and region), students' PD was positively impacted by our 
intervention.

Limitations

While our results are promising, we acknowledge several limitations of our study. As 
mentioned above, some researchers indicate that different measures of PD (e.g., spatial, 
social, temporal, hypothetical) overlap and are difficult to disentangle (15). We recognize 
this overlap and indicate its presence in our results; however, this synergy between 
spatial and social PD does not detract from the cumulative reduction in PD across scales 
nor its overall importance in student perception at the local level. We also recognize 
that our limited participant demographics including geographic spread (i.e., most of our 
participants reside in the southern US) may limit the generalizability of our findings. 
Future research is needed to determine if comparable patterns exist in other student 
populations.

Conclusions

Our results indicate that students' spatial and social PD associated with climate change 
can change following classroom instruction. This fluidity suggests that PD is a valua
ble construct for instructors to target through curricular design (17, 18). The ability 
for students to understand that climate change effects are localized and capable of 
impacting them, their friends, and their families could be an important step in increasing 
concern for climate change and willingness to act sustainably to mitigate its effects (6, 
9, 51); however, these relationships are complicated and not always present (9–12, 52). 
Regardless, our study indicates that lowering PD can increase students' spatial and social 
awareness of climate change at a local level, which could have important educational 
implications. While our findings suggest a change in students' PD, we cannot speculate 
on the prolonged nature of this change nor whether this change will lead to action to 
mitigate climate change. More research is needed to determine whether participating 
in our classroom intervention results in a lasting change in students' spatial and social 
PD, increases their climate change concern, and leads to more sustainable actions by 
students.
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