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Abstract

Teaching climate change is complex because it requires a system-level understanding of
many science disciplines and also because students may have preconceptions about
climate change. Previous work shows students learn and retain science content better
when they are engaged in the learning process. Active learning strategies engage students
in learning science, but the engagement impact of active learning has not yet been
assessed in a controlled environment using both biometric and self-reporting tools. Here,
we analyze 52 university students’ engagement during several common active learning
strategies in a controlled research setting. We collected biometric data from all participants with hand sensors that measured changes in skin conductance as a proxy for
engagement. Participants self-reported their engagement as a control. The combined
biometric and self-reported data show that skin conductance data matched self-reported
engagement, confirming that skin conductance is a robust proxy for engagement. Overall,
dialog was the most engaging activity, with engagement levels about 165% above
baseline. Non-science majors had higher average engagement than science majors
(137% vs. 53% above baseline, respectively). Notably, skin conductance data showed
no statistically significant differences based on participants’ political or religious affiliations. In summary, our results demonstrate biometric sensors’ potential to measure and
monitor engagement in a learning environment. Relevant for climate education, in-class
dialog increases student engagement in learning climate science and is especially effective for non-science majors.
Keywords Active learning . Climate change . Higher education . Geoscience education . Student
engagement
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1 Introduction
Teaching climate change is challenging, especially in large lecture classrooms, because climate
change is a dynamic and complex subject. Teaching students in a climate change class can be
difficult not only because of the scientific complexity but also because the scientific content
can be overwhelmed by non-science factors. For example, students may struggle to learn about
the science depending on their political (Unsworth and Fielding 2014), religious (Morrison
et al. 2015), or other cultural worldviews that shape perceptions of climate change (Aksit et al.
2018). Students may also be disengaged from class material because they have little interest in
science and are taking the class to fulfill a requirement (Gilbert et al. 2012). Engaging students
in the process of learning about climate change is one of the first steps towards learning the
science itself and towards improving climate literacy, and thus, measuring the effectiveness of
engagement strategies in climate change classes is an important contribution to the understanding of best teaching practices. The goal of this work is to identify the most effective
strategies to engage students in learning about climate change.
Student engagement is broadly defined here as the interest, motivation, and effort that a
student has or shows towards learning class material (based on Sinatra et al. 2015). Students
learn and retain information better when their cognitive, affective, and emotional domains are
engaged (van der Hoeven Kraft et al. 2011). In other words, students learn and retain
information better when they think, internalize, and express their own ideas about class
material. Increased student engagement in classes is linked to increased learning gains both
in and outside of the classroom (Fredricks et al. 2004; Johnson and Sinatra 2012; Tytler and
Osborne 2012; Sinatra et al. 2015). One way to increase student engagement in science classes
is by using active learning strategies. “Active” learning strategies cover almost all non-lecture
activities but most commonly refer to activities where students actively participate in class or
interact with one another (Bonwell and Eisen 1991). When students actively participate in
class, they are being asked to internalize ideas and construct new knowledge based on prior
experience or understanding—a basic tenet of constructivism (Fosnot and Perry 1996), which
is the theoretical basis for this work. Active learning increases student engagement with the
material and has also been shown to improve student performance in science classes (e.g.,
Freeman et al. 2007, 2014; Haak et al. 2011; Kontra et al. 2015; McConnell et al. 2003;
Yuretich et al. 2001). Studies have focused on the impact of active learning and increased
engagement in geoscience (McConnell et al. 2003; Yuretich et al. 2001), biology (Freeman
et al. 2007; Haak et al. 2011), and physics classes (Kontra et al. 2015), but not specifically in
climate change classes. Furthermore, no studies have focused on how student engagement
varies with demographics when learning climate change. Can active learning strategies engage
students in climate change material, regardless of student demographics and attributes such as
prior science knowledge?
Recently, new biometric tools that quantitatively measure changes in skin conductivity as a
proxy for engagement are being used in education research, providing novel information to
assess the engagement impact of teaching strategies. Galvanic hand sensors are a non-invasive
method of measuring changes in skin conductance and have been verified in medical studies as
an appropriate tool for this purpose (e.g., Dolgin 2014; Poh et al. 2012). Skin conductance is a
function of the moisture level of the skin, which in turn is controlled by sweat gland activity
(Critchley 2002). The skin’s electrical conductivity, measured in micro Siemens (μS), increases and decreases as sweat glands open and close because ions in sweat make it a good
conductor (Sato et al. 1989). Sweat glands are part of the sympathetic nervous system, which
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also governs emotional states, so an increase in sweat gland activity may signify both
psychological and physiological arousal. Skin conductance increases as a participant becomes
emotionally aroused, but hand sensors only identify that a change in conductance occurred, not
the type of emotion that caused the change. Skin conductance data can therefore be used as a
proxy for engagement over a sustained period or during different stimuli (e.g., watching
movies vs. listening to lectures; Boucsein 1992; McNeal et al. 2014; di Lascio et al. 2018).
One drawback of using skin conductance as a proxy for engagement is that it can be affected
by any outside stimulus (e.g., cellphone messages or loud noises) or physical activity, not just
the tested stimulus. Using hand sensors in a controlled setting limits the distractions commonly
found in classrooms. A controlled setting also allows researchers to analyze skin conductance
in conjunction with self-reported information that may impact engagement (e.g., mood,
perceived temperature) and other outside factors that may impact skin conductance. To date,
no rigorous experimental study has established the methodological boundaries for using hand
sensors in a controlled educational setting.
Motivated by the importance of engaging students in learning about climate change and by
the new instruments for measuring engagement, this study has three research questions: (1)
Are hand sensors effective instruments to measure student engagement in an educational
setting? (2) How do students’ engagement levels vary during several active learning strategies
commonly employed in science classrooms (e.g., worksheets, discussions)? Not only do we
identify the most engaging activities, for the first time, we also assess how student engagement
varies by attributes such as prior interest in climate change. (3) Do canonical climate change
images (polar bears) increase engagement when the images are included in classroom activities? To answer our research questions, we directly match skin conductance (i.e., biometric
proxies for engagement) with student feedback about their own engagement in a controlled
setting, described below.

2 Methods
2.1 Selection of study participants
We recruited undergraduate and graduate students from a large public research university
located in the western U.S. A convenience sample of undergraduate students willing to
participate in a research study was recruited through in-class announcements, in-person
recruitment, posted flyers around campus, and emails to professors asking them to advertise
the study. Participants randomly signed up for an available study session. All participants
provided consent to participate in the study and received a $20 gift card incentive for their
participation.

2.2 Study design incorporating active learning strategies
Each study session took place in a controlled classroom setting to enforce similarity between
study settings. The study was designed to mimic a real classroom setting but was not an actual
class. Between two and six students participated as a group in each of the study sessions. Over
a 30–40-min period, students were guided through a study protocol in engaging in several nonlecture activities commonly used in active learning classrooms. The study activities were
chosen based on their established impact on student engagement in science classes (e.g.,
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Yuretich et al. 2001; Tanner 2009; McNeal et al. 2014; Freeman et al. 2014). As a result, we
did not test the engagement impact of lecturing because lectures have already been shown to
be low engagement activities for students (McNeal et al. 2014). Here, participants (1) watched
two 5-min videos about general climate change topics (e.g., greenhouse effect, climate
feedbacks), (2) completed a six-question worksheet based on the video content (Appendix A
in the supplementary material), (3) participated in a group discussion around the video
imagery, and (4) individually answered a direct question out loud about climate change. The
worksheet contained a variety of question types: reading a graph, multiple-choice, and openended. The group received a prompt before both dialog activities. The group discussion
prompt was, “Which video imagery did you find most engaging?” The direct climate change
question was, “In which ways do you think climate change affects the U.S.?”
The two videos that the participants watched were developed by the coauthors and
produced for this study. The videos had identical scientific content and differed only slightly
in their imagery. One video included polar bear imagery as iconic “eye candy” that exemplifies
Arctic climate change, while the other video replaced polar bear imagery with Arctic scenery.
For example, if the polar bear imagery was of a polar bear walking across the tundra, the
replacement landscape imagery was just the tundra. The goal of developing these two versions
of the same video was to study the influence of iconic climate change imagery on student
engagement in climate change science. All participants watched these two different versions of
the same video. Participants watched one of the videos as their first instructional activity and
then the second version of the video after completing the worksheet. Between study sessions,
we alternated showing the polar bear version as the first and second video.

2.3 Methods for measuring engagement during study sessions
During the study, each participant wore an Empatica E4 galvanic hand sensor (https://www.
empatica.com/e4-wristband) to measure skin conductance. E4 sensors record skin conductance
at 0.25-s intervals. Following earlier work (e.g., Poh et al. 2010), participants wore the hand
sensor on their wrists. Each participant wore the sensor on his or her non-dominant wrist to
avoid excessive sensor movement during writing activities. After each activity, participants
were asked to describe their current level of engagement on a self-reflection survey (Appendix
B in the supplementary material). After the completion of the study, the students completed a
set of reflection questions around their engagement during the entire study and answered
questions about their demographics (e.g., gender, ethnicity, and undergraduate major).

2.4 Data analysis strategies
2.4.1 Normalizing skin conductance data using new baseline conductance protocol
To normalize the skin conductance data, we compared participants’ conductance during the
study against their baseline conductance—i.e., skin conductance levels when participants are
calm and relaxed (Poh et al. 2010). In order to obtain their baseline skin conductance, the study
participants sat quietly at the beginning of the study session for 3 min. Recording the baseline
began 28 s after the researcher said the baseline period began and ended 2 s before the
researcher said the baseline period was over. To calculate the actual baseline skin conductance,
we only used 2.5 min of skin conductance data from the 3 min of baseline recording so that
participants had time to settle down and relax in the beginning. The individual baseline

Climatic Change

conductance for each participant was used to normalize all skin conductance measures from
each participant in this study.
For data cleaning, part of the baseline protocol methodology includes a criterion for using a
participant’s skin conductance data: during the baseline period, the maximum conductance
value must be less than twice the minimum value. By our criterion, if a participant’s maximum
conductance value during the baseline was more than twice the minimum conductance value
during the baseline, then that participant did not equilibrate or reach their baseline skin
conductance during the baseline period. For example, one participant’s maximum
(minimum) skin conductance during the baseline period was 1.75 μS (0.71 μS). Since their
maximum skin conductance value was more than twice their minimum value, that participant
did not reach their true skin conductance baseline. Skin conductance is a function of sweat
gland activity, so high temperatures can artificially inflate skin conductance values by increasing sweating. The study participants that did not reach their baseline all showed a rapid cooling
off during the baseline calibration (based on body temperature data from the hand sensors).
Since the study took place in an air-conditioned room during a hot summer day with mean
daily temperature > 32 °C, participants cooled off rapidly while the baseline measurement was
conducted. The adjustment to the cooler indoor temperatures was particularly striking for some
participants and affected their baseline skin conductance measurements. Data from participants
that did not reach their baseline skin conductance during the baseline period were not included
in our analysis.
When we removed data from participants that did not reach their baseline skin conductance,
our study population was n = 52 (from the original sample population of 61). The study
population was representative of the university’s demographics with respect to race, though
there was a larger percentage of female participants in the study population than at the
university as a whole (University of Colorado Boulder Data Analytics 2018). Demographics
of the study population (Table 1) were representative of the university as a whole by race: 30%
of the selected study population were non-white participants; 63% of the selected study
population were female.

2.4.2 Processing of skin conductance data from hand sensors
All skin conductance data were read into MATLAB and first processed with Ledalab software
(written for analyzing skin conductance data; Benedek and Kaernbach 2010) at the original
resolution (i.e., no data smoothing). The processed data were then analyzed using the
following techniques.
Skin conductance data must be normalized before analyzing data across a group because
skin conductance values can vary by more than 100% between individuals. To normalize the
quantitative hand sensor data, we calculated the percent difference between the mean baseline
and the mean activity skin conductance for each participant and for each study activity.
Normalizing skin conductance data against the individual baseline allows us to use the
engagement response for each participant to a stimulus in our data analysis, rather than the
skin conductance magnitude. All skin conductance results in this study are reported with the
percent difference between baseline and activity skin conductance. For the rest of this paper,
we differentiate between skin conductance data collected directly from the hand sensors and
normalized data. “Raw conductance data” refers to the skin conductance data directly collected
by the hand sensors. “Skin conductance response” and “quantitative engagement data” refer to
the percent difference between the mean baseline and activity skin conductance.

(b) Survey questions
How well informed do you feel you are about how the Earth’s
climate system works?
How sure are you that climate change is happening?
How strongly do you feel hopeful when you think about the issue
of climate change?
How worried are you about climate change?
How interested are you in the subject of climate change?
How often do you talk about the issue of climate change with your
family or friends?
How strongly do you feel helpless when you think about the issue
of climate change?
How strongly do you feel discouraged when you think about the
issue of climate change?

Religious affiliation

Political affiliation

(a) Demographics
Gender
Race
Undergraduate major

Fairly (n = 26)
Very (n = 11)
Moderately (n = 20)
Somewhat (n = 16)
Moderately (n = 19)
Occasionally (n = 31)
Moderately (n = 27)
Moderately (n = 27)

Very (n = 6)
Extremely (n = 35)
Very (n = 5)
Extremely (n = 30)
Very (n = 30)
Often (n = 6)
Very (n = 12)
Very (n = 12)

Not very or not at all (n = 13)

Not very or not at all (n = 13)

Not very (n = 4)
Not very (n = 3)
Rarely or never (n = 15)

Somewhat (n = 6)
Not very or not at all (n = 27)

Not very (n = 20)

Male (n = 19)
Female (n = 33)
White (n = 36)
Non-white (n = 16)
Science, technology, engineering, or math (STEM, n = 36) Non-science, technology, engineering, or math
(non-STEM, n = 16)
Very liberal (n = 5) Liberal (n = 23)
Moderate
Conservative Very conservative
Other
(n = 16)
(n = 4)
(n = 0)
(n = 3)
Other
Christian/Catholic Christian/non-Catholic Buddhist
Muslim (n = 1) Jewish
None
(n = 2)
(n = 9)
(n = 7)
(n = 1)
(n = 2)
(n = 30)

Participant attributes from survey responses

Table 1 Participant attributes based on responses from the study pre- and post-test surveys. n is the number of participants self-identifying with each attribute
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All statistical tests were one-way or mixed analysis of variance (ANOVA) with a post
hoc Holm-Bonferroni correction to account for small sample sizes (Aickin and Gensler
1996). All reported p values are adjusted values due to the post hoc correction. On all
figures, we show the standard error around the mean simply for reference. Outlier skin
conductance response values are defined as skin conductance response values more than
two standard deviations from the mean, and we removed two outlier values from the
direct climate change question. Removing outliers from our analysis did not change the
conclusions from this study.

2.4.3 Processing self-reported engagement and personal information
Participants self-reported their demographics and attributes such as climate change
knowledge or interest on pre- and post-test surveys (Appendix C in the supplementary
material). All questions assessing participants’ climate change perspectives were from
validated instruments (Leiserowitz et al. 2015; Libarkin et al. 2018); questions around
political and religious beliefs were adapted from the Evolutionary Psych Lab at SUNY
New Paltz, and two questions about the participants’ academic background were written
specifically for this study. Based on the academic background answers, participants were
coded as STEM (science, technology, engineering, and mathematics) or non-STEM
majors according to the STEM Designated Degree Program List (National Center for
Education Statistics 2010).
Participants’ self-reflection data were coded for emotions and self-reported engagement
level during the study. Participants were categorized as “engaged” or “unengaged” based on
their responses on their self-reflection surveys (Appendix B in the supplementary material).
We coded the participants’ self-reflected engagement based on the following specific emotions: “Engaged” participants reported being engaged, interested, or enjoying the activity
(Sinatra et al. 2015). “Unengaged” participants reported being bored or feeling neutral about
an activity (Linnenbrink-Garcia et al. 2011; Pekrun 2006). Only participants that reported the
above emotions were categorized as “engaged” or “unengaged.”

3 Results
3.1 Validating hand sensors as tools to measure engagement
Participants that reported being engaged during their participation in the instructional
activities had higher quantitative engagement than participants that reported being bored
or feeling neutral (“unengaged”) (88% vs. 45% engagement above baseline, respectively;
Fig. 1a; Table 2). Thirty of the 31 “engaged” participants reported being engaged by,
enjoying, or interested in the dialog activities. Based on the mixed ANOVA test, average
quantitative engagement for all five instructional activities for “engaged” participants
was significantly higher than quantitative engagement for “unengaged” participants (p
value = 0.04; Table 2). Comparing quantitative and qualitative data allows us to assess
the effectiveness of hand sensors for measuring engagement. Figure 1 shows that
quantitative skin conductance data match the self-reported qualitative reflection data.
From these analyses, we conclude that skin conductance recorded by hand sensors is an
appropriate proxy measurement for engagement.
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Fig. 1 (a) Mean engagement relative to baseline engagement for participants that said they were engaged during
the group discussion and/or the direct climate change question (n = 31) and participants that said they were bored
during an activity (n = 8) on their surveys. 3 participants fit in both categories: they were engaged in one of the
dialog activities but also bored during a different activity. The star in the legend indicates that the average skin
conductance response for “engaged” participants was significantly higher than for “bored” participants (p < 0.05).
(b) Mean engagement relative to baseline engagement for all participants (n = 52). The star in the figure indicates
that the average skin conductance response was statistically highest during the direct climate change question
(p ≪ 0.01). Relative engagement is calculated as the percent difference between a participant’s mean baseline
engagement and the participant’s mean engagement during an activity. The error bars are the standard error
around the mean, shown for reference in all figures but not used for statistical analysis

3.2 Most engaging educational activities for all participants
Using hand sensor data, we found that participants were overall most engaged while
responding to a direct question (Fig. 1b). The average skin conductance response during the
direct climate change question was 165% above baseline (Table 2), compared with less than
100% above baseline for all other activities. Participants’ skin conductance response during the
climate change question was significantly higher than skin conductance response during all
other study activities (p value ≪ 0.01; Table 3). On the self-reflection surveys, 25 participants
said they were engaged in the discussions because they were interested in what their peers had
to say and in sharing their own opinion. To quote one participant, “It’s quite easy to maintain
engagement when you’re the one speaking, more second-nature than listening.” On average,
engagement as measured by skin conductance increased across the instructional sequence and
peaked during the climate change question, starting with 13% above baseline during the first
video and increasing to 56% above baseline during the group discussion and 165% above
baseline during the climate change question (Table 2).

3.3 Engagement in activities based on participant attributes
When participants were separated by self-reported attributes, non-STEM majors had significantly higher skin conductance response during the group discussion compared with STEM
majors (Fig. 2): 219% vs. 44% above baseline, respectively (p value = 0.02). Average skin
conductance response during the entire study was significantly higher for non-STEM majors
than for STEM majors (p value < 0.01; Table 3). Regardless of academic background,
however, both STEM and non-STEM majors showed the highest quantitative engagement in
the climate change question (148% and 226% above baseline, respectively).
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Table 2 Percent difference in mean skin conductance response between baseline and each instructional activity,
across all participants and separated by participant attributes
Survey question

Participant attribute
based on answers

All participants
Self-reflected level of engagement Engaged in speaking
Bored
Gender
Female
Male
Major
STEM
Non-STEM
Political affiliation
Very liberal
Liberal
Moderate
Conservative
Other
Religious affiliation
Christian/Catholic
Christian/non-Catholic
Buddhist
Muslim
Jewish
None
Other
Very informed
How well informed do you feel
you are about how the Earth’s Fairly informed
Not informed
climate system works?
How sure are you that climate
Extremely sure
change is happening?
Very sure
Somewhat sure
How strongly do you feel helpless Very
when you think about the issue Moderately
Not very/not at all
of climate change?
How often do you talk about the Often
Occasionally
issue of climate change with
Rarely or never
your family or friends?
How strongly do you feel worried Extremely
when you think about the issue Somewhat
Not very/not at all
of about climate change?
How interested are you in the
Very
subject of climate change?
Moderately
Not very
Very
How strongly do you feel
Moderately
discouraged when you think
Not very/not at all
about the issue of climate
change?
How strongly do you feel hopeful Very
when you think about the issue Moderately
Not very/not at all
of climate change?
Polar bear imagery shown in first Bear version first
or second video?
Bear version second

Video
1

Worksheet Video
2

Group
Climate
discussion change
question

12.5
8.4
− 6.4
12.99
12.0
18.0
8.3
− 20.7
10.6
19.9
22.4
− 7.1
0.3
25.4
− 56.6
50.1
9.8
7.5
9.9
2.1
13.2
8.5
14.3
7.1
15.2
4.0
26.9
2.9
4.41
21.2
− 2.2
17.4
− 2.7
55.78
20.0
6.19
35.72
− 12.6
10.7
19.2

26.3
15.6
11.2
28.43
22.6
22.1
39.8
6.2
29.3
24.8
39.9
2.5
25.8
37.1
− 78.4
75.6
27.1
13.7
68.7
9.0
37.4
10.2
32.5
− 8.5
68.8
12.2
31.9
31.0
17.21
41.3
− 3.2
32.3
13.1
− 3.68
29.6
20.98
27.38
7.3
34.1
5.0

28.7
38.6
8.6
33.6
30.4
19.8
65.1
58.7
45.6
21.3
51.0
12.0
46.2
26.6
187.3
87.7
31.8
18.2
88.1
64.4
42.4
2.3
29.1
− 3.2
82.3
13.8
28.6
41.2
23.04
38.1
14.0
31.3
12.6
70.11
22.6
45.34
43.94
34.4
36.5
14.4

55.5
71.4
32.6
65.8
36.8
43.5
219.0
179.8
68.5
61.4
88.5
15.7
67.5
53.7
291.9
693.6
4.7
49.6
318.8
117.4
37.0
19.5
57.6
7.2
236.5
29.0
65.3
142.2
44.34
74.8
47.3
63.5
35.0
120.14
58.9
112.09
73.31
18.0
56.1
81.7

164.9
178.7
58.4
169.7
156.2
147.7
225.8
185.3
150.2
220.5
2286
12.3
219.9
308.6
195.2
1.9E3
16.2
101.8
318.0
228.0
188.9
113.3
156.0
47.0
566.6
62.7
191.9
234.8
136.81
167.6
121.4
171.5
136.6
228.36
157.9
224.65
199.86
116.2
166.2
204.9

73.1
13.8
10.2
0.8
9.9

10.3
24.5
25.6
33.5
5.2

− 16.3
44.9
25.5
13.2
20.0

87.6
69.0
53.9
47.0
33.0

261.1
136.8
176.4
108.5
145.8

Varying levels of certainty that climate change is happening were associated with varying
levels of engagement (Fig. 3). When asked on the pre-test survey, “How sure are you that
climate change is happening?,” participants who reported that they were “somewhat sure” had
significantly higher skin conductance response during the climate change question than
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Table 3 Statistically significant differences in skin conductance responses for participant attributes when
averaged across the entire study and for specific activities. The participant attribute is listed first, then the activity
that had significantly different skin conductance responses between groups. If the activity is shown as “average,”
then the groups had significantly different skin conductance responses when averaged over all five instructional
activities (video 1, worksheet, video 2, group discussion, and direct climate change question). The group in
column I showed significantly lower skin conductance response than the group in column II. The adjusted p
value for mixed ANOVA test with Holm-Bonferroni post hoc correction is shown in column III
Attribute

I. Significantly lower
engagement

(a) Self-reflected level of engagement

Bored; average

(b) All participants

(c) Undergraduate major

(d) How sure are you that climate change is
happening?

(e) How strongly do you feel helpless when you
think about the issue of climate change?

II. Significantly higher III. p
engagement
value

Engaged while
speaking; average
Video 1
Climate change
question
Worksheet
Climate change
question
Video 2
Climate change
question
Group discussion
Climate change
question
STEM; average
Non-STEM; average
STEM; group
Non-STEM; group
discussion
discussion
Very sure; average
Somewhat sure;
average
Extremely sure;
Somewhat sure;
average
average
Somewhat sure;
Very sure; climate
change question
climate change
question
Somewhat sure;
Extremely sure;
climate change
climate change
question
question
Very helpless; average Not helpless; average

0.038
9.93E−08
1.11E−07
1.11E−07
2.81E−05
7.12E−04
0.018
1.68E−07
7.92E−06
4.20E−05

4.13E−05

0.032

participants who reported being “extremely” or “very sure” that climate change is happening
(p value < 0.01; Table 3). Participants that were “somewhat sure” climate change is happening
had the statistically highest average skin conductance response over the entire study (p value <
0.01): 567% above baseline (Table 2). Overall, the less certain participants were about climate
change happening, the more engaged they were during the study.
Feeling helpless about the issue of climate change was not associated with changes in
participants’ specific activity engagement but was associated with significant differences in
average engagement over the five instructional activities. Participants that felt “not very” or
“not at all” helpless when they thought about climate change had significantly higher average
skin conductance response than participants that felt “very” helpless (p value = 0.03; Fig. 4).
For most reported participant attributes, there was no significant difference in skin conductance response to specific activities (Table 4). For example, gender was not associated with
significant changes in quantitative engagement (Fig. 5a). Quantitative engagement levels were
statistically identical for male and female participants for every individual activity and
averaged over the five instructional activities together (p value = 0.4). Participants’ emotions
about climate change (hopefulness (Fig. 5b), worry (Fig. 5c), or discouragement (Fig. 5d))
were not associated with significant differences in skin conductance. Likewise, participants
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Fig. 2 Mean activity engagement relative to baseline engagement for science, technology, engineering, and
mathematics (STEM) majors (n = 40) and non-STEM majors (n = 12). n is the number of respondents for each
category. The error bars are the standard error around the mean. The stars indicate that non-STEM majors had
statistically higher average engagement than STEM majors across all five instructional activities and specifically
during the group discussion.

that reported being “very” interested in climate change did not show significantly higher
engagement in any activity than participants that reported being “moderately” or “not very”
interested in climate change (Fig. 5e). Participants that talked to family and friends about
climate change “often” did not have higher skin conductance responses for any activity than
participants that talked about climate change “occasionally” or “rarely or never” (Fig. 5f). How

Fig. 3 Mean activity engagement relative to baseline engagement based on the pre-test question, “How sure are
you that climate change is happening?” n is the number of respondents for each category. The error bars are the
standard error around the mean. The stars indicate that participants who were “somewhat sure” that climate
change is happening had the statistically highest average engagement across all five instructional activities and
specifically during the group discussion.
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Fig. 4 Mean activity engagement relative to baseline engagement based on responses to the pre-test survey
question, “How strongly do you feel helpless when you think about the issue of climate change?” n is the number
of respondents for each category. The error bars are the standard error around the mean. The star indicates that
participants who felt “not very” or “not at all” helpless when thinking about the issue of climate change had the
statistically highest average skin conductance response during the five instructional activities.

informed participants felt about climate change was also not associated with significant
differences in skin conductance response (Fig. 5g). Finally, participants’ reported political
(Fig. 5h) and religious (Fig. 5i) affiliations were not associated with differences in quantitative
engagement in any activity or on average over the five instructional activities. When participants self-selected their political and religious affiliations, the sample size for most groups was
n < 5 participants (Table 1).

3.4 Impact of imagery on engagement
Polar bear imagery appeared to have no impact on skin conductance response during the video
screenings (Fig. 6). Overall, the average skin conductance response was very low during both
video screenings (Fig. 1b; Table 2). When participants viewed the video with polar bear
imagery first, skin conductance response to the first video (polar bear version) was 12% above
baseline, while skin conductance response to the second video (the non-bear version) was 23%
above baseline (Table 2). In contrast, when the polar bear video was shown second, skin
conductance response to the first video (the non-bear version) was 13% above baseline, and
skin conductance response to the second video was 34% above baseline. No matter which
video version was shown first, the skin conductance responses between the first and second
videos were not statistically significant (Table 2). Since polar bear imagery appeared only
briefly during the video, instantaneous responses (i.e., rapid peaks in raw skin conductance
data) to polar bear imagery may not have appeared in the available resolution of four skin
conductance measurements/second. Higher resolution data might show a skin conductance
response to polar bear imagery, but we were not able to identify any spikes in the raw skin
conductance data when polar bears appeared in the video. During the group discussion,
however, 26 participants said that they thought the polar bear imagery was the most engaging
imagery during the videos (Table 5). When asked about the most engaging parts of the videos,
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Table 4 Adjusted p values, with Holm-Bonferroni post hoc correction, for non-significant differences in skin
conductance response averaged over the five instructional activities. None of the attributes listed in this table
showed significant differences in skin conductance response averaged over the four learning activities or in
average skin conductance response to a specific activity.
Attribute

I. Compared groups for each attribute

II. p
value

(a) Gender
(b) How strongly do you feel hopeless when you
think about the issue of climate change?

Male
Very
Very
Moderately
Extremely
Extremely
Somewhat
Very
Very
Moderately
Very
Moderately
Moderately
Often
Often
Occasionally
Very
Very
Fairly
Very liberal
Very liberal
Very liberal
Very liberal
Liberal
Liberal
Liberal
Moderate
Moderate
Conservative
Christian/Catholic
Christian/Catholic
Christian/Catholic
Christian/Catholic
Christian/Catholic
Christian/Catholic
Christian/non-Catholic
Christian/non-Catholic
Christian/non-Catholic
Christian/non-Catholic
Christian/non-Catholic
Buddhist
Buddhist
Buddhist
Buddhist
Jewish
Jewish
Jewish
Muslim
Muslim
None

0.4
1.9
1.9
1.3
0.6
0.6
0.4
1.1
1.1
1
1.7
1.5
1.7
1.0
1.0
0.2
0.79
0.10
0.07
5.6
3.0
2.0
3.7
3.9
5.6
3.8
4.7
3.4
3.7
4.9
4.0
6.3
7.8E−7
6.1
3.5
2.0
6.4
7.0E−7
2.9
6.4
6.3
6.9E−7
5.8
5.0
7.4E−7
3.0
1.1
7.8E−7
6.8E−7
0.3

(c) How strongly do you feel worried when you think
about the issue of climate change?
(d) How strongly do you feel discouraged when you
think about the issue of climate change?
(e) How interested are you in the subject of climate
change?
(f) How often do you talk about the issue of climate
change to your family or friends?
(g) How informed do you feel about how the Earth’s
climate system works?
(h) Political affiliation

(i) Religious affiliation

Female
Moderately
Not very/not at all
Not very/not at all
Somewhat
Not very/not at all
Not very/not at all
Moderately
Not very/not at all
Not very/not at all
Moderately
Not very
Not very
Occasionally
Rarely/never
Rarely/never
Fairly
Not
Not
Liberal
Moderate
Conservative
Other
Moderate
Conservative
Other
Conservative
Other
Other
Christian/non-Catholic
Buddhist
Jewish
Muslim
None
Other
Buddhist
Jewish
Muslim
None
Other
Jewish
Muslim
None
Other
Muslim
None
Other
None
Other
Other

Climatic Change

Fig. 5 Mean activity engagement relative to baseline engagement based on the following survey and demographics questions: (a) Gender. (b) How strongly do you feel hopeful about climate change? (c) How worried are
you about climate change? (d) How strongly do you feel discouraged about climate change? (e) How interested
are you in climate change? (f) How often do you talk about climate change to your family and friends? (g) How
informed do you feel you are about how the Earth’s climate system works? (h) Political affiliation. (i) Religious
affiliation. None of the attributes shown had significant differences in average skin conductance response over the
five instructional activities or in skin conductance response to a specific activity (see Table 5). n is the number of
respondents for each category. The error bars are the standard error around the mean. Note the scale difference for
each panel.

participants commented, “Most engaging was the polar bears only because they didn’t appear
in the first video,” “I felt like I was just watching for the polar bears!,” and “Once I realized
there were bears in the second video, I was kind of playing ‘spot the bear.’” In other words,
participants may have reacted to the polar bear version of the video as a game. The act of
looking for polar bears appears to have been engaging, but the polar bear imagery itself may
not have been engaging. In our study, imagery of polar bears appeared to not increase
quantitative engagement in the videos as measured by the hand sensors.

4 Discussion
An important advance made in this study is the development of a methodological approach for
using and analyzing hand sensor data from a controlled setting to measure engagement. Three
factors were necessary for validating the sensor data: (1) a controlled setting, (2) a baseline
protocol, and (3) self-reported engagement. In a controlled setting, measured skin conductance
values were a physical response to an educational activity and not to unrelated stimuli, such as
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Fig. 6 Mean engagement relative
to baseline engagement for
participants that watched the video
version with polar bear imagery as
their first video (n = 28) and as
their second video (n = 24). The
error bars are the standard error
around the mean.

a text message or other cellphone notification. Using a participant’s baseline to normalize skin
conductance data was especially valuable for data analysis because skin conductance is highly
individualized and skin conductance values have limited meaning without a personal reference
level. Finally, agreement between participants’ self-reported engagement levels and skin
conductance suggests that skin conductance is an appropriate proxy for engagement in the
instructional activities and that hand sensors are appropriate tools for measuring engagement in
an educational setting. Hand sensors can likely capture all three types of engagement (i.e.,
cognitive, affective, and emotional), even though skin conductance data does not tell us what
type of engagement is being captured. The participants’ self-reflection data can give us some
insight into the type of engagement captured by the hand sensors, however. For example,
participants seemed to be engaging their affective domain during dialog activities, based on
self-reflection language such as, “I definitely enjoyed discussions,” “I think the discussion
sparked interest,” and “Once again I was interested in everyone’s responses [during the direct
question].” Overall, our results validate the use of hand sensors to measure skin conductance as
a proxy for engagement. The findings from this research study will be an important

Table 5 The number of participants that said the following answers to the group discussion question, “Which
video images did you find most engaging?”
Video imagery

Participants

Polar bears
Time lapse of melting glaciers
Map of mixing atmospheric CO2 concentrations
Sea level rise
Arctic environment
Sea level rise demonstration
Greenhouse effect demonstration
Graph of observed temperature increase since 1950
Cyclists, images connected to climate change mitigation
Time lapse of plants growing
The Front Range in Colorado, USA

26
10
10
6
5
4
2
2
1
1
1
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contribution to the use of hand sensors in educational research and provide insights into how to
interpret sensor data.
The most engaging activity across all attributes was dialog. Our results provide evidence
that actively participating in class—especially through speaking with peers or in front of the
class—increases student engagement over watching videos or doing in-class worksheets. Our
results are consistent with previous studies that found asking questions and having discussions
increase classroom engagement (e.g., Blasco-Arcas et al. 2013; Dengler 2008; Finn and
Zimmer 2012; Freeman et al. 2014; Prince 2004; Smith et al. 2014). Dialog can be a highly
engaging activity because of its interactive and constructive nature (Chi 2009). When students
interact with each other, they can build on their own knowledge and construct new ideas.
Answering questions is also engaging because students can self-identify knowledge gaps and
come up with their own questions to fix these gaps (Graesser and Person 1994). Our results
contrast with McNeal et al. (2014), who used hand sensors over the course of an introductory
environmental geology class (n = 24) to the highest levels of engagement during a 75-min
video that was shown in class, followed by small (< 5 people) group discussions and lastly
traditional lecturing. Three key differences between our study and that of McNeal et al. (2014)
were (1) the controlled study environment that allowed to isolate activities very carefully, (2)
the baseline protocol, which we used to normalize hand sensor data before performing any
analysis, and (3) our larger sample size. Since all participants in our study were most engaged
during the group discussion and while answering the climate change question, it is reasonable
to assume that all students would benefit from incorporating dialog into climate change
classes.
Identifying the most engaging activities has important implications for improving student
engagement in climate change classes. Here, all participants were most engaged during the
group discussion and climate change question, so in a classroom, all students would likely be
most engaged during group and individual dialog as well. While all students would benefit
from incorporating more verbal discussions into science classes, the benefits might be largest
in introductory science classes. Why? One of our main takeaways is that non-STEM majors,
who are often the majority of introductory science class students, are highly engaged while
speaking to their peers or individually to the instructor (Fig. 2). Therefore, implementing
dialog into introductory science classes is an especially effective way of engaging students in
class material. Introductory climate change classes likely have many non-STEM majors.
Implementing dialog and talking about climate change actions and solutions as part of a
climate change course (i.e., reducing students’ feelings of helplessness related to climate
change; Fig. 4) may also help increase engagement in the material. Since higher engagement
is linked to larger learning gains in science classes (Prince 2004, p. 4), learning more about
climate science may result in a positive feedback in climate science classrooms: as students
learn more, they become more engaged, which increases learning gains, which further
increases engagement. We did not test learning gains, but given the literature connecting
active learning strategies to learning gains (e.g., Freeman et al. 2014; Jensen et al. 2015;
Kontra et al. 2015; Watkins and Mazur 2013), it is likely that incorporating more speaking
activities into climate change classes will also improve learning outcomes. Overall, the results
presented here suggest that implementing dialog into climate change classes will increase
engagement from all students, and the benefits will be largest in introductory classes.
While we have robust results indicating which activities are the most engaging, our
methodology was not designed for measuring the engagement impact of specific content.
One limitation of our study was that the only method for testing content was through the
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different imagery in videos. Overall, participant skin conductance response to the videos was
low and the polar bear imagery had no discernable impact on skin conductance response. The
fact that polar bears had no impact on quantitative engagement raises another question: Did
polar bears have no impact because polar bears themselves are unengaging or because we
tested their impact with a low engagement activity? Another question is whether the method
by which the polar bears were presented in the videos was engaging. The videos included polar
bears as “eye candy” and not as emotional hooks. That is, we tested the impact of polar bears
just with the presence and absence of polar bear imagery, not with content that “hooked”
participants emotionally, such as images or descriptions of starving polar bears. The hand
sensors failed to register skin conductance changes in response to the presence and absence of
polar bear imagery. Even though 27 participants said that polar bears were the most engaging
part of the video, it is not clear whether participants were being engaged by the polar bears and
were choosing polar bears as the most engaging part of an otherwise unengaging activity. As
stated in Section 3.3 above, looking for different content was more engaging than the actual
content. We have not ruled out polar bears as engaging content, but polar bear imagery did not
result in measurable increases of skin conductance in our study. Specifically, we showed that
the absence or presence of bears in a video is not the best way to test the quantitative
engagement impact of bears. Further research is necessary to study the impact of polar bears
on student engagement.

5 Conclusion
Here, we used, for the first time, galvanic hand sensors and skin conductance data in a
controlled educational setting to measure how active learning strategies affect student engagement in learning about climate change. Engagement measured by the hand sensors matched
participants’ self-reported engagement, so skin conductance is an appropriate proxy for
engagement. Based on hand sensor and self-reported engagement data, participants were most
engaged during speaking activities. Thus, our results support previous studies that found active
learning techniques increase engagement in science classes.
A novel finding from this study is the impact of student attributes on engagement in climate
change. For the first time, student engagement in climate change is analyzed in conjunction
with students’ attributes such as knowledge of and interest in climate change. Three attributes
were correlated with significant changes in engagement during the overall study: academic
background, certainty that climate change is happening, and how strongly participants felt
helpless about climate change. Non-STEM majors were significantly more engaged during the
group discussion than STEM majors. Non-STEM majors also had significantly higher average
engagement than STEM majors. Participants that were “somewhat sure” climate change is
happening were significantly more engaged during the climate change question than participants that were “extremely” or “very” sure. On average, “somewhat sure” participants also had
the significantly highest engagement. Feeling “not very” helpless about climate change was
also linked to higher average engagement during the study than feeling “very” or “extremely”
helpless. The findings from this research study indicate that active learning strategies, especially in-class dialog, are the most effective way of engaging all students in the complex and
dynamic topic of climate change.
Implementing our hand sensor methods in a typical classroom environment is a next step to
expanding upon this work. This study took place in a controlled setting, which eliminated
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distractions such as personal computers and cellphones but which did not replicate a real class.
Since a motivation for this study was to find learning strategies that increase student engagement in climate change classes, it is important to determine if the results from a controlled
setting can be applied in a real classroom. Conducting this study in a real class could also
reduce possible study-induced bias: participants were self-selected into a study on engagement
in climate change, so they may have been more engaged during the study than they would
have been in a classroom. A longer study could assess student learning gains as well as
engagement. Identifying teaching strategies that increase student engagement in real classes is
the next step to better learning gains from climate change classes and increased climate
literacy.
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