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ARTICLE

ABSTRACT
This study measured student engagement in real time through the use of skin biosensors, 
specifically galvanic skin response (GSR), in a large undergraduate lecture classroom. 
The study was conducted during an intervention in an introductory-level biology course 
(N = 420) in which one section of the course was taught with active-learning approaches 
and the other with traditional didactic teaching. GSR results were aligned and correlated 
with the Classroom Observation Protocol for Undergraduate STEM, or COPUS, and stu-
dent self-reflections on their own engagement. Results showed that the active-learning 
section spent more time working in groups, resulting in GSR measures that trended high-
er and self-reported engagement, while showing indications of higher content learning 
gains compared with the traditional lecture section. Comparisons between COPUS scores 
and GSR readings indicate that engagement increased during group work and decreased 
during listening activities. Throughout a class period, GSR activity of the active-learning 
group showed increased trends compared with baseline measures, while the traditional 
lecture group showed decreased trends. Results indicate that GSR is a promising measure 
of real-time student engagement in the undergraduate classroom, bringing a new tech-
nique to discipline-based education researchers who aim to better measure student en-
gagement; however, some limitations exist for broad-scale implementation.

INTRODUCTION
Research in various science, technology, engineering, and mathematics (STEM) disci-
plines over the last few decades has revealed a suite of high-impact teaching strategies 
(e.g., reformed-based teaching and learning, active learning, or student-centered 
learning) that contribute to improvements in several aspects of performance among 
college students (Singer et al., 2012), including improvements in student learning 
(e.g., Derting and Ebert-May, 2010; Deslauriers et al., 2011; Freeman et al., 2014), 
increased retention rates (Russell et al., 2007; Haak et al., 2011; Eddy and Hogan, 
2014), and reductions in the achievement gap among student populations (Haak 
et al., 2011; Eddy and Hogan, 2014; Theobald et al., 2020). A fundamental assump-
tion of these reformed-based teaching practices is that the students are more engaged 
during the learning process when these teaching techniques are employed. Founda-
tional to constructivist approaches is the principle that engagement is an essential part 
of the process in student learning (Vygotsky, 1978; Coates, 2005). We approach our 
theoretical framework similarly to Soltis et al. (2020), relying on the work of Fredricks 
et al. (2004), Malmivou and Plonsey (1995), and Bloom (1956). These researchers 
divide engagement into three dimensions: behavioral, emotional, and cognitive. 
Behavioral engagement describes how involved students are with the task at hand. 
The emotional dimension relates to student interest and emotional response. Finally, 
cognitive engagement relates to the level of rigor and challenge of the learning 
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activities in which students are engaged. There has been much 
work to show that all three—emotional, cognitive, and behav-
ioral engagement—are connected and correlated, often linking 
to student performance (Pekrun et al., 2002; Linnenbrink and 
Pintrich, 2004; Chaouachi et al., 2010; Goetz et al., 2010). 
However, direct measurement of student engagement in class-
room settings can be challenging.

Attempts to measure engagement in the undergraduate 
STEM classroom, including biology courses, have come in many 
forms. Several classroom observation tools have been designed 
to measure student (and instructor) participation and behavior 
in the classroom (Sawada et al., 2002; Hora and Ferrare, 2010; 
Smith et al., 2013; Eddy et al., 2015; Lane and Harris, 2015). 
However, these tools are limited, because they only capture 
overt behaviors and do not measure the internal values stu-
dents place on an activity. Consequently, other tools have been 
developed to obtain students’ reflections on their own levels of 
cognitive and emotional engagement, providing a more detailed 
picture of a student’s level of involvement (Pritchard, 2008; Chi 
and Wylie, 2014; Wiggens et al., 2017). However, even these 
assessments can be limited, as they rely on student self-report as 
the primary data source, which although informative, may still 
fall short in obtaining a reliable and unbiased engagement data 
set, because they are documented postactivity and students 
must recall how they felt when the activity occurred. While 
engagement can be measured through observation and surveys, 
these results can be hard to validate and difficult to interpret.

The limitations for documenting instructor engagement are 
similar to those for student engagement. For instance, many 
classroom observation protocols document what the instruc-
tor’s overt activities and behaviors are (e.g., Owens et al., 2017; 
Smith et al., 2013; Sawada et al., 2002), but they rarely mea-
sure how the chosen activity may affect the instructor, as the 
focus is usually on the student learning impacts. In fact, there 
do not seem to be any documented cases that specifically show 
how the instructor physiologically responded as a result of the 
chosen classroom teaching behaviors.

Galvanic skin response (GSR) has been introduced to 
address the need for unbiased physiological data that provide 
information about subject engagement as a result of external 
stimuli (Poh et al., 2010) and has recently been applied to the 
undergraduate classroom (McNeal et al., 2014; Soltis et al., 
2020). GSR captures electrodermal activity (EDA), a measure 
of subtle electrical changes across the skin’s surface due to 
changes in the amount of perspiration or moisture levels of 
the skin, which are controlled by sweat gland activity. As the 
sweat glands are regulated by the sympathetic nervous sys-
tem, it has been postulated that increased sweat gland activ-
ity signifies both psychological and physiological arousal 
(Malmivuo and Plonsey, 1995; Dragon et al., 2008). Changes 
in skin conductance, or the electrical response when low volt-
age is conducted by the skin, correspond to activation of the 
sympathetic nervous system, the same system that controls 
the body’s flight-or-fight response. The sympathetic nervous 
system is activated by excitement or stressors. These stressors 
may be physical, emotional, or cognitive (Malmivuo and 
Plonsey, 1995)—the same three dimensions of engagement 
described by Fredricks et al., 2004. Thus, skin conductance is 
a useful proxy for engagement (McNeal et al., 2014; Soltis 
et al., 2020).

Skin conductance is measured with a pair of electrodes 
touching the skin. Here, sweat that is generated by the wearer 
of the GSR device will increase the flow of electrons between 
the electrodes, and the EDA reading will increase. Traditionally, 
skin conductance has been measured on the palm; however, 
more recent research has demonstrated that the EDA signal is 
also discernible and usable when the biosensor is worn on the 
wrist (Poh et al., 2010; Van Dooren et al., 2012; Soltis et al., 
2020). Some issues exist with collecting GSR data, such as 
improper placement of the skin-sensing unit on the research 
subject or excessive sweat production making it difficult to 
identify meaningful skin conductance responses (Dawson et al., 
2007). However, such obstacles can commonly be controlled 
through placing the skin sensor on the wrist instead of the 
palm, as the wrist often produces less sweat and the wrist place-
ment eliminates the possibility that hand movements by wear-
ers could interfere with contact between the skin and the GSR 
device (Potter and Bolls, 2011). Skin conductance can be used 
to examine the level of engagement over sustained periods 
(hours) or during short-lived stimuli and bursts of activity (Ben-
edek and Kaernbach, 2010; McNeal et al., 2014).

Skin conductance methods have become common in psy-
chological research and often form an important part of a larger 
set of instrumentation used to monitor biophysical responses, 
such as heart rate, muscle activity, skin temperature, blood-vol-
ume pulse, cardiac activity, and respiration (Haag et al., 2004; 
Shen et al., 2009); skin sensors are often used in place of some 
of these other psychophysiological measures due to the compar-
ative ease of measurement and analysis of GSR data (Andreassi, 
2007; Potter and Bolls, 2011; Kim, 2018). Studies have mea-
sured stress among autistic students during social interactions 
using skin biosensors (O’Haire et al., 2015; Goodwin, 2016). 
Yet others have examined cognitive engagement during prob-
lem solving (Pecchinenda, 1996). Some studies have deter-
mined emotional engagement while playing violent video 
games (Ivory and Kalyanaraman, 2007; Ravaja et al., 2008), 
watching a television show (Gregersen et al., 2017), or interact-
ing in a virtual environment (Beeli et al., 2008). A number of 
studies have detected engagement during physical activity like 
dancing, painting, using scooters, jumping into a ball pit, and 
riding a zipline while using skin biosensors (Latulipe et al., 
2011; Hedman et al., 2012).

Several studies have explored the role of affect in learning by 
using skin conductance (Dragon et al., 2008; Arroyo et al., 
2009; Shen et al., 2009; Woolf et al., 2009; Hardy et al., 2013; 
Kim, 2018). In the undergraduate classroom, skin biosensors 
have been used to measure engagement during various inter-
ventions, including the comparison of didactic lecture 
approaches to movie viewing and small-group discussions in a 
geoscience classroom (McNeal et al., 2014; Morrison et al., 
2020) and measuring the effect of augmented reality on stu-
dent engagement in the geoscience classroom (Soltis et al., 
2020). However, these studies were sample-size limited, and 
skin sensor data were not always correlated with more tradi-
tional measures such as classroom observation tools and stu-
dent reflections of engagement.

In the current study, to address the need for an unbiased tool 
that can collect real-time biophysical levels of student engage-
ment, we employed skin sensors with both students and 
the instructor in a large undergraduate introductory biology 
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classroom. Our primary goal was to use and explore skin sen-
sors as a meaningful measurement tool for student and instruc-
tor engagement in large undergraduate STEM classrooms. We 
compared the collected GSR data with traditional measures of 
student engagement (e.g., classroom observations and student 
self-reflections of engagement) to provide triangulation in our 
data collection. We wanted to determine whether the GSR 
approach could detect differences in engagement of students 
during different teaching modalities (active learning vs. tradi-
tional learning) in two different sections of an undergraduate 
biology classroom. We also collected data on changes in student 
academic performance in each treatment through a pre–post 
concept inventory assessment. Finally, we conducted an explor-
atory study on the engagement of the instructor when teaching 
using the two different approaches employed in this study. We 
set out to address these research questions: How does teaching 
approach (active learning vs. traditional lecture) impact stu-
dent engagement in the undergraduate biology classroom as 
measured using skin biosensors? How does instructor engage-
ment change as a result of the chosen teaching approach?

METHODS
This research study used a mixed-methods case study approach 
in which multiple quantitative and qualitative measures were 
employed, including a pre–post assessment on introductory 
biology content knowledge (students only), a classroom obser-
vation tool (outside observers recording student and instructor 
activities), the GSR skin sensor measure of skin conductivity 
(students and instructor), and data via the postclass self-reflec-
tion engagement form (students only) were collected. Human 
subjects’ research approval was obtained by the appropriate 
institutional review boards, and participant consent was 
obtained for this research project.

Study Setting and Population
Principles of Biology is a core course for science majors at the 
studied university, with more than 2000 students registered 
every year. This course is an introduction to the fundamental 
biological principles common to all organisms. Emphasis is 
placed on basic chemistry, cell structure and function, energy 
processing and metabolism, cell division, genetics, evolution, 
ecology and diversity, and other related topics.

Class Setting
The study was composed of two treatments of an introductory 
biology course taught by the same instructor (M.Z.) who used 
two different teaching approaches, one in each section of the 
course: active learning and traditional lecture. Both sections of 
the course were taught in the Fall semester of the same year. 
The active-learning section met two times a week, 75 minutes 
each time; and the traditional lecture section met three times a 
week, 50 minutes each time. Both classes were similar in enroll-
ment, with 200–220 students. More than 95% of students were 
freshman and all were science majors, including pre–health 
related majors (57% traditional, 46% active-learning), animal 
science and pre–veterinary majors (11% traditional, 17% 
active-learning), other STEM majors (16% traditional, 17% 
active-learning), and other majors (16% traditional, 20% 
active-learning). Gender, ethnicity, and student classification of 
year in college were very similar for the two sections (Table 1). 

Of the students enrolled in the course, 138 and 168 students 
opted into the research study in the active and traditional lec-
ture treatments, respectively. All active-learning and traditional 
lecture observations occurred in the same week to ensure the 
same content was taught in both classes. There were three mid-
term exams and a final exam during the semester. None of the 
classroom observations or skin sensor recordings were made 
during exam days. The first exam was implemented 3 weeks 
before the first class observation and skin sensor recording, so 
there was adequate time for the instructor and students to 
establish a classroom routine. The second observation/record-
ing occurred the week following and was given one class before 
the second exam. The third observation/recording occurred the 
week before the third exam. The fourth observation/recording 
occurred between the third exam and finals. The fifth observa-
tion/recording occurred the last week of classes before the final 
exam period began. The final exam was given 1 week after the 
last recording (see Supplemental Material for course syllabus).

There are many different and effective active-learning strat-
egies (Tanner, 2013) and various ways to implement active 
learning (Borrego et al., 2013; McConnell et al., 2017). The 
pedagogy of just-in-time teaching (Novak et al., 1999) was used 
in the active-learning class with preclass assignments and mul-
tiple in-class activities with prompt feedback using in-class 
learning assistants (LAs). In each learning unit, the preclass 
materials included lecture videos, reading materials, Power-
Point slides, and practical assignments. In class, students usu-
ally took an entrance quiz followed by a brief lecture (10–15 
minutes). Then multiple activities were provided based on the 
learning goals for the particular class, including team-based dis-
cussion, immediate feedback assessment technique quizzes, 
and essay- or video-based learning. Each unit usually ended 
with an exit quiz. In the traditional lecture class, students 
learned individually by listening to lectures and taking notes. 
Learning materials and resources from the active-learning 
course were also available to students enrolled in the traditional 
lecture. Supplemental instruction leaders sat in both classes 
and assisted students outside class during tutoring hours. 
During active-learning classes, there were 12 LAs in class to 
assist student teams. The main duties of LAs were to answer 
students’ questions during class activities and assist teamwork 
to achieve high efficiency. There were no LAs in the traditional 
lecture classroom due to the lack of class activities and the stan-
dard lecture format.

The instructor (M.Z.) of the course has been teaching the 
course under study for 7 years at the undergraduate level. She 
used a traditional lecture approach for the first 3 years and 
transformed the class to active learning for the past 4 years. As 
such, both teaching modalities had been previously imple-
mented in the same course with the same instructor (M.Z.) 
before this research study.

Recruitment and Incentives
Students enrolled in the active-learning and traditional lecture 
classrooms were recruited to the research study through course 
announcements given by the researchers. Although a researcher 
in the project, the lead instructor (M.Z.) was not allowed to 
recruit students, know which students had participated, or view 
student data during the semester as per IRB policies relating to 
coercion. Students who did not consent to participate in the 
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research study still completed pre–post content assessments as 
part of their regular classroom activities (these data were later 
removed from the data set), but did not complete any other 
portion of the research study. Only students who consented to 
participate completed a background information survey (See 
supplemental materials for background survey), wore skin sen-
sors, and completed self-reflection engagement forms. Extra 
credit was awarded to the entire class when the course as a 
whole completed an 85% return rate of the background infor-
mation survey. Students who wore skin sensors and completed 
engagement forms did not receive any additional incentives.

Skin Sensors
Due to a limited number of sensors, skin conductance readings 
were collected on a subset of randomly selected students from 
the pool of those who consented to participate in the research 
during each observed class. In total, 78 students were measured 
during the active-learning class section and 85 students during 
the traditional lecture section. Approximately 15–17 students in 
each class wore skin sensors during the five class periods that 
were observed for Classroom Observation Protocol for Under-
graduate STEM, or COPUS measurements (described in more 
detail in COPUS Observations). Each of the students selected to 
wear skin sensors was notified via email before class and 
instructed to meet the researchers at the front of the classroom 
a few minutes before class started. Students were provided an 
Empatica E4 wrist sensor and engagement feedback form at the 
beginning of class, and researchers assisted them in correctly 
placing the sensors on their wrists, ensuring the sensors were 
turned on and collecting data. Once the sensor made skin con-
tact, it automatically began collecting data. Students were 
asked to place it on their non-writing arm and not to press on 
the unit or make unnecessary movements while wearing the 
device. Students were shown how to press the button on the 
skin sensor that, when pressed, “marks” or timestamps specific 
events in the GSR data, allowing researchers to make whole-
group alignments during data analyses. At the start of class, the 
instructor asked students to push the button on the skin sensor. 

At the end of class, students returned the devices to the research-
ers along with their completed self-reflection engagement 
forms. The instructor was also provided a skin sensor to wear 
on her wrist during one of the five classes in each treatment.

The data from the sensors were then downloaded in Excel 
format from the Empatica software program provided by the 
sensor manufacturer. Data were collected every 0.125 seconds 
over the period of the classroom activities. The first 5 minutes 
of subjects wearing the sensor were considered a calibration 
period and the second 5 minutes of subjects wearing the sensor 
were considered a benchmarking period. Graphs of the data in 
Empatica allowed for visual inspection to ensure that data were 
complete with no obvious holes or gaps in skin contact. Data 
cleaning for calibration periods and percent change calculations 
were completed by the researchers, as the Empatica program 
was not able to perform these functions.

The skin sensors collected room temperature and accelerom-
eter data in addition to skin conductance. Limited room tem-
perature (0.18°C) changes were measured during each class, 
and students were all sitting in their chairs during each activity, 
with accelerometer data showing minimal movements. As such, 
temperature and movement were not shown to be factors on 
the collected skin conductance data.

Student Self-Reflection Engagement Forms and Post 
Instructor Discussions
At the end of the class, students who wore skin sensors com-
pleted a self-reflection form. Students were asked to rank their 
engagement in the class period and to compare their engage-
ment in the class period with their engagement in other courses 
using Likert-scale response options (scored 1–5 with options 
ranging from not engaged to somewhat engaged to highly 
engaged). Students were also give three open-ended questions 
that asked them to list the activities they found most and least 
engaging and why and to report on any aspects of the class that 
may have captured their attention (see Supplemental Material 
for engagement form).

The instructor (M.Z.) also engaged in a brief 5- to 10-minute 
informal discussion with researchers after each observed class 
period. During this time, the instructor shared with the research-
ers what she felt went well, what did not, and how engaged she 
felt during the class. The discussions were informal, as the 
instructor (M.Z.) was also a researcher on the project.

COPUS Observations
COPUS is a course observation protocol designed to collect 
information on the range and frequency of teaching practices 
used in an undergraduate STEM lecture course (Smith et al., 
2013). The protocol consists of two major components that 
are organized into several subcategories: student activities 
(e.g. listening and taking notes, asking questions, group work) 
and instructor activities (e.g. lecture, posing questions, 
demonstration). Every 2 minutes, the observer codes the 
behaviors exhibited by the teacher and students. A third scale 
on the protocol is the Student Engagement rating. We did not 
use this scale due to its subjectivity.

In our study, three trained observers who had previous 
experience with COPUS each attended eight of the 10 
observed classes during which skin sensors were used, and 
two of the three attended the remaining two observations. 

TABLE 1. Student demographic data for the two study treatments

Active  
learning

Traditional 
lecture

Gender
 Female 132 (71.7%) 137 (72.87%)
 Male 51 (27.7%) 50 (26.60%)

Ethnicity
 American Indian/Native American 1 (0.54%) 2 (1.06%)
 Asian/Asian American 7 (3.80%) 4 (2.13%)
 Black/African/African American 15 (8.15%) 10 (5.32%)
 Latino(a)/Hispanic 7 (3.80%) 3 (1.60%)
 White/Caucasian 150 (81.52%) 165 (87.7%)
 Other 4 (2.17%) 4 (2.13%)

Classification
 Freshman 148 (80.43%) 154 (81.91%)
 Sophomore 28 (15.22%) 28 (14.89%)
 Junior 5 (2.72%) 4 (2.13%)
 Senior 1 (0.54%) 1 (0.53%)
 Super-senior 2 (1.09%) 1 (0.53%)
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Five classes for the active-learning section and five classes for 
the traditional lecture section were observed, and each obser-
vation was on the same weekly topic and made when students 
wore GSR sensors. We coded observed behaviors and calcu-
lated interrater reliability using the adjacent agreement func-
tion in Excel. The overall percent agreement of the raters was 
92.4%. In general, there was strong consistency during obser-
vations of both the traditional lecture and active-learning 
courses, which continued to improve throughout the semes-
ter. The values for each COPUS element from the five 
active-learning and five traditional lecture classes were aver-
aged (scores are reported in Figures 3 and 4, which are dis-
cussed later in the article).

Pre–Post Conceptual Understanding Assessment
We selected a total of 37 items from three existing biology con-
cept inventories that best matched the content taught in the 
introductory biology course offered in this study. The concept 
inventories included a focus on molecular and cell biology 
(Klymkowsky, 2010; Shi et al., 2010) and genetics (Wick et al., 
2013). Because we selected questions from each assessment 
and then combined them into a new assessment that better fit 
the content taught in the course, we reanalyzed the reliability of 
the new assessment and obtained a Cronbach’s alpha score of 
0.6, an acceptable reliability score (See Supplemental Material 
for the pre-post concept inventory used in this study).

Data and Statistical Analyses
All data were processed in Microsoft Excel and then moved to 
Statistical Package for Social Sciences (v. 25.0) for more 
in-depth statistical analyses on aggregated data. Percent 
change was calculated for GSR data by subtracting the aver-
age skin conductance during the 5 minutes for benchmarking 
from the average skin conductance during class and then 
dividing by the average skin conductance during the 5-minute 
benchmark. Percent change values were cleaned to ensure 
that they were not biased toward changes between individuals 
with lower GSR readings by removing values that were more 
than 3 SDs greater than the mean (around ±150%, 27 cases), 
which likely indicated potential calibration or contact issues. 
Then, between-treatment t tests were conducted on the aver-
age percent change GSR data, average pre–post concept 
assessment scores, and average scores for the student self-re-
flection forms. Correlation analysis was performed on average 
COPUS scores (in the major categories of listening and group 
work) and average GSR readings for these same COPUS time 
periods. All statistical assumptions (e.g. normality, homogene-
ity of variance, linearity, and independence) of the parametric 
tests were met. Gain scores were calculated as (post − pre)/
(100 − pre).

RESULTS
For the GSR results, the active-learning classes on average 
showed the trend of an increase (10.56%) in percent change of 
skin conductance, while the traditional lecture showed a small 
decreasing trend in percent change of skin conductance (−1.23%). 
This difference between treatments is not statistically significant; 
however, statistical significance testing is likely limited due to the 
high standard deviations in the data set. Though skin conduc-
tance percent change was not significant between treatments, 
self-reported engagement between treatments was statistically 
significant and higher in the active-learning class with a medium 
effect size, t(159) = −2.438, p = 0.016, d = 0.52 (Table 2). Self-re-
ported engagement compared with other courses was also higher 
in the active-learning section than the traditional section (M = 
2.91 vs. M = 2.61), but not significantly so.

Individual student GSR differences between the two sections 
were noted after plotting EDA over time for randomly selected 
individuals. Figure 1 shows a typical student example in each 
treatment group plotted with the general activities in the class. 
The example student in the active-learning section had variable 
EDA during the class, with peaks in activity during periods of 
group work; classroom EDA measures were higher than base-
line measures for this individual. In contrast, EDA measures of 
the example student in the traditional lecture classroom stayed 
relatively constant and low throughout most of the class; class-
room EDA measures in this case were lower than baseline mea-
surements for this individual.

Similar EDA plots (Figure 2) for the collected measures of 
instructor GSR were made on the same dates as those shown in 
the students’ plots (Figure 1). During the traditional lecture 
class period, the instructor was constantly engaged throughout 
the duration of the class as she presented the PowerPoint lec-
ture to her students. However, during the active-learning class-
room, decreases in instructor engagement were measured 
during student group work. EDA readings stayed relatively con-
stant throughout the first portion of the class, with decreases 
beginning about midway through the class through the latter 
half of the class (Figure 2).

Post classroom implementation informal discussions with 
the instructor (M.Z.) indicated that, during the traditional lec-
ture course she felt the need to talk louder and be funnier (e.g., 
make jokes) to keep the students’ attention during the class ses-
sion. She also indicated that she felt more stressed, tired, and 
exhausted after the traditional lecture than after the active-learn-
ing sessions from having to be “on” the entire time. These addi-
tional efforts could explain the differences in EDA for the 
instructor between the two treatments.

There was a significant negative correlation between the 
time students spent listening and their percent change in skin 
conductance, and a significant positive correlation between the 

TABLE 2. Skin conductance and self-reported engagement results for the two study treatmentsa

Treatment Skin conductance Average self-reported engagement*

N Average percent change (SD) N Average (SD)

Active learning 71 10.56% (29.92) 72 3.51 (0.86)

Traditional lecture 65 −1.23% (58.08) 89 3.17 (0.92)
aPaired-sample t test results between treatments are shown for both the average percent change in skin conductance and the average student self-reported engagement 
results. Asterisk (*) indicates statistical significance at p < 0.05. Self-reported engagement was scored using a Likert scale from 1 (not engaged) to 5 (very engaged). 
Self-reported scores are for students who wore the skin sensors.
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amount of time students spent working in groups and their per-
cent change in skin conductance (Table 3). This suggests that 
students become less engaged the more time they spend listen-
ing to the instructor and more engaged when working in 
groups.

Additionally, there was a significant difference between the 
amount of time the instructor spent lecturing and the amount 
of time students spent listening between the traditional and 
active-learning classes (Figures 3 and 4). In the active-learning 
section, students spent 25% of the class time listening to lec-
ture, whereas in the traditional section of the course, students 
spent 62% of the class time listening to lecture. The active-learn-
ing group also spent at least 16% of their time doing group 
work and 30% of their time doing other activities, whereas the 

traditional group spent no time doing these activities. Addition-
ally, the instructor spent less time lecturing in the active-learn-
ing section (26%) than in the traditional section (47%), and 
spent more time doing activities related to managing the class-
room (24%), or facilitation, in the active-learning section. In 
the traditional lecture, none of her time was spent on classroom 
management activities.

For the pre–post concept inventory results, there was a sig-
nificant difference in pretest biology conceptual understanding 
scores between the two sections, t(304) = 3.851, p <0.01, with 
the traditional lecture class scoring higher (Table 4). However, 
the difference between the scores was no longer significant at 
posttest, t(304) = 1.700, p = 0.09. The increase in total number 
of questions correct for the active-learning class from pre to post 

FIGURE 1. Example student skin conductance for each of the study treatments: (A) traditional lecture (50 minutes) and (B) active learning 
(80 minutes). For both cases, the first 10 minutes of class were considered benchmarking phases when lecture only occurred in both cases.

FIGURE 2. Instructor skin conductance for each of the study treatments: (A) traditional lecture (50 minutes) and (B) active learning 
(80 minutes). For both cases, the first 10 minutes of class were considered benchmarking phases when lecture only occurred in both cases.

TABLE 3. One-tailed Pearson correlation results of average COPUS observations codes for working in groups (WG, OG) and listening (L) 
with skin conductance.

Average COPUS score: 
amount of time listening

Average COPUS score: 
amount of time working in groups

Skin conductance (N = 136) Pearson correlation −0.161 0.148

p value 0.031* 0.043*

*Statistical significance at p < 0.05.
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was greater than for the traditional class (5.23 vs. 4.15) and 
this difference between treatments is significant, t(305) = 
−1.974, p = 0.049, d = 0.227). Both traditional lecture and 
active-learning sections had gains in pre–post scores, with the 
active-learning section showing slightly greater gains, but these 
gains were not statistically significant (p > 0.05) between treat-
ments (Table 4).

DISCUSSION
Although reformed-based teaching and learning practices have 
long been noted for their impacts on improved student learning 
and performance outcomes, mostly due to increased student 

engagement in the classroom (Singer et al., 2012), it is often 
difficult to directly measure student engagement. Additionally, 
although research often monitors what instructors do in their 
teaching, it does not usually measure instructor engagement or 
how the chosen teaching modality impacts the instructor. When 
engagement is measured, it is frequently made through collect-
ing observation information on overt classroom behavior (e.g., 
Smith et al., 2013) or through post self-reflection surveys (e.g., 
Wiggens et al., 2017); both of these approaches can have 
limitations.

This research study took a new approach in which student 
and instructor engagement was measured using skin conduc-
tance, or GSR, in an introductory biology course. The percent 

FIGURE 3. Average COPUS results for student activities in both 
treatments: (A) traditional lecture and (B) active learning. AnQ, 
students answering questions; Ind, individual thinking/problem 
solving; L, listening; O, other; OG, other assigned groups; SQ, 
students ask questions; T/Q, test/quiz; W, waiting; WG, working in 
groups.

FIGURE 4. Average COPUS results for instructor activities in both 
treatments: (A) traditional lecture and (B) active learning. 1o1, 
talking individually to a student; Adm, administration tasks; AnQ, 
answering questions; D/V, diagram or video; Fup, follow-up; Lec, 
lecturing; MG, management; O, other; PQ, posing questions; RtW, 
writing on board; W, waiting.
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change in skin conductance was negatively correlated with the 
percent time students spent listening to the instructor and pos-
itively correlated with the time spent working in groups. These 
results are similar to those reported by McNeal et al. (2014), in 
which skin conductance measurements showed that students 
had greater engagement during group work than during lecture 
periods in a geoscience classroom, and also align with results 
reported by Morrison et al. (2020), in which engagement 
increased when students dialogued about climate change vid-
eos they viewed.

The results also showed that students in the active-learning 
section had a positive average percent change over baseline 
measurements in engagement, whereas the traditional lecture 
instead had a negative average percent change in engagement 
compared with baseline measurements. Students in the 
active-learning class also self-reported being more engaged 
than students in the traditional class section, which aligns with 
research by Wiggens et al. (2017), in which it was found that 
students in active-learning settings were more engaged when 
they valued an activity more and when they had a greater per-
sonal effort in the activity. These results align with student per-
formance metrics: students in the active-learning classroom 
had slightly higher content gains than those in the traditional 
classroom, although these differences were not statistically sig-
nificant between treatments. Despite initial significant pretest 
performance differences, with the active-learning group scoring 
lower, there were no differences in posttest performance at the 
end of the semester. As such, the active-learning class section 
made strides to close the content knowledge gap and “level the 
playing field,” an outcome also noted with such teaching 
approaches in similar studies (Derting and Ebert-May, 2010; 
Deslauriers et al., 2011; Wick et al., 2013; Freeman et al., 2014; 
Theobald et al., 2020).

Most of the attention to active-learning approaches has been 
placed on the students and their associated learning benefits. 
However, by taking the active-learning approach, instructors 
often have to make many changes themselves, including going 
from “sage on the stage” to “guide on the side” (King, 1993). 
The resulting classroom instructor behavior is often observed 
using classroom observation protocols (Sawada et al., 2002; 
Smith et al., 2013). However, direct measures of instructor 
engagement during active learning have not been made. In this 
study, we wanted to measure how the change from traditional 
lecture approaches to active-learning approaches affected 
instructor engagement. The exploratory results indicated that 
instructor engagement levels were consistently high during tra-
ditional lecture periods; however, during portions of the 
active-learning section, most often when students worked in 
groups, the instructor engagement levels decreased. This is 

likely due to the fact that the instructor did not feel she had to 
be “on” for the entire duration of the active-learning class sec-
tion and instead had time to facilitate, potentially relieving 
some of the instructor’s emotional stress and cognitive load for 
other tasks that may have been less demanding but potentially 
more beneficial to the students.

Use of Skin Sensors in the Undergraduate Classroom 
Setting
This study explored the use of GSR as a means to measure student 
engagement in the active-learning classroom, with results trian-
gulated with COPUS observations, student performance mea-
sures, and student self-reported engagement. Higher GSR mea-
surements during active-learning classrooms corresponded with 
trends of increased student performance and increased self-re-
ports of engagement and were positively correlated with class-
room activities that promote student engagement (e.g., group 
work). This study has shown that skin biosensors are a promising 
tool to measure student and instructor engagement in the under-
graduate classroom. However, more work needs to be completed 
to validate the results of this study, given the limitations of the 
current study and the difficulties in analyzing the skin sensor data 
(large standard deviations, individual GSR differences, etc.).

Limitations
There are several limitations in this study. First, there were high 
standard deviations among the GSR readings due to the fact that 
different students wore the skin sensors in each class and data 
were collected on different days. The sample size was limited, 
which impacted the types of statistical tests that could be 
employed. Additionally, variables such as student mood; stress 
due to in-class room experiences, such as being assigned to a 
student group; and out-of-class conditions can potentially be fac-
tors causing individual and day-to-day variances in skin conduc-
tance. However, these variables cannot be controlled in an exper-
iment like the one used in this study and thus should be treated 
as a limitation of this research. Another limitation of the study 
was that the concept inventories that were used for conceptual 
understanding in the research were difficult for the students 
(post scores less than 50 out of 100), and for this reason we did 
not observe very large gains in scores for either section of the 
course. Furthermore, the sample in our study was a convenience 
sample of undergraduates in a course that one of the researchers 
taught where individuals opted to be part of the research. As 
such, the results of the research may not have included students 
from all levels of academic ability. Furthermore, this study was 
conducted in a single instructor’s classroom, in one STEM con-
tent area, with only certain active-learning strategies. The study 
was also limited to a single instructor whose engagement was 

TABLE 4. Pre–post biology content knowledge mean percent scores and between-subjects t test results for each of the two study 
treatmentsa

Treatment Active learning (N = 168) Traditional (N = 138) p value

Pre mean score (SD) 32.84 (10.13) 37.38 (10.45) 0.010*
Post mean score (SD) 47.00 (11.95) 49.35 (12.29) 0.090
Gain scoreb (SD) 0.21 (.17) 0.18 (.20) 0.060
aMaximum content inventory scores were out of 100 total points.
bGain scores calculated using (post − pre)/(100 − pre), range 0–1.
*Statistical significance at p < 0.05.
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only measured during one class period for each of the two sec-
tions. Therefore, the results of this study cannot be generalized 
beyond the conditions presented, and future work should con-
firm the results in different contexts, learning environments, and 
student/instructor populations.

Future Recommendations
This study lays the groundwork for future studies exploring 
real-time student and instructor engagement during varied 
classroom teaching and learning practices or aim to robustly 
validate skin biosensors. Because this work has a variety of lim-
itations, we recommend future work be conducted to verify the 
results and expand on both the student and instructor findings. 
There are many ways real-time engagement information could 
be used to continue to refine and improve undergraduate STEM 
classroom teaching and learning. For instance, additional bio-
sensor studies could examine the role of high-stakes testing on 
student stress (Ballen et al., 2017). Perhaps student biosensor 
data could be used as a feedback tool during faculty profes-
sional development programs to support and train instructors 
in using active-learning approaches more frequently and more 
appropriately in their classrooms. Studies could even be 
designed to further explore the initial data on instructor engage-
ment during teaching presented here. There is still much more 
work to do to scale the use of skin biosensors in the classroom 
(e.g., data automation, analysis algorithms, and lower biosen-
sor equipment costs are needed); however, strides are being 
made to make these tools more practical. For instance, fitness 
monitors have been used in a variety of research settings 
(Cadmus-Bertram et al., 2017) and could be a more affordable 
option for collecting engagement-related information within 
the classroom. Additionally, efforts are underway to develop 
algorithms to analyze EDA (Greco et al., 2016). We hope that 
this work is a starting point for future research aimed at con-
tinuing to explore the affordances of skin biosensors in under-
graduate STEM teaching and learning.
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