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Abstract—This research full paper describes a measuring
performance using assessments allows instructors to evaluate
if students have developed the requisite skills and knowledge
needed to advance in their field. Cognitive factors alone do not
contribute to performance. Researchers are increasingly utilizing
physiological sensing techniques and biological markers to gain
a deeper sense of the science of learning and performance. This
exploratory study seeks to understand how cognitive and training
performance looks like for a group of seven undergraduate
biomedical and chemical engineering students participating in
a summer research experience. Students were tasked to learn
about cell culture lab techniques using video-based tutorials
(experimental condition) or digitally written tutorials (control
condition). A quiz was designed, face and content validated by
the authors and provided to the students before and after the
cell culture training. Preliminary observations suggest improved
laboratory student performance, using video-based instruction.
Future work will seek to better understand how lab training
interventions based on video and other forms of instructional
aids can improve laboratory student performance.

Keywords: Engineering education, Physiological assess-
ment, Academic emotional arousal, Video-based tutorials,
Cell culture training.

I. INTRODUCTION

In STEM education, both knowledge and skill-based
learning are essential for students to not just put together
important concepts but to apply them in a real-world context.
Combining knowledge and skills into learning provides a
leading educational paradigm for innovation within learning
environments [1]. However, in the context of laboratory
training settings, little is known about how knowledge
and skill-based learning occur and what instructional tools
best support lab-based student learning and performance.
Furthermore, measuring performance in a laboratory setting
is not straightforward as typical assessment measures such as
exams or surveys are seldom used in these settings.

For undergraduate students learning about lab skills in a
course, Amida and colleagues [2] found that a multifaceted
combination of instructional aids (e.g., manuals, videos,
guides) and reflective self-reports yielded the most effective

learning outcomes for students. On the other hand, other
scholars argue that instructional aids are not enough to
assess learning and performance in labs and that the actual
immersive lab experiences (e.g., undergraduate research
experience (URE)) is what determines performance [3].

Expanding upon UREs, a recent systematic literature
review showed a gap in research for effective implementation
of URE in other STEM fields outside of biology-related
fields [4]. Generally organized over a summer, UREs allow
students to spend the bulk of their time in a research lab
to help devise, refine, and conduct a research-driven lab
project. These types of experiences are believed to enhance
their problem-solving and critical-thinking skills in laboratory
settings [4]. However, the combination of instruction aids with
laboratory experiences to assess learning and performance
(hybrid models of UREs) are less understood.

Scholars are increasingly calling for a more thorough
investigation of the impacts that planning and implementing
UREs, including trainings using pre/post-survey designs
can have in analyzing “ real (instead of perceived) student
achievement results. . . ” [4, p. 14]. Thus, there is a dire need
to explore the impacts of instructional aids within laboratory
training to understand how undergraduates improve their
research knowledge and skill-based performance. This
exploratory study serves as a first attempt to understand what
happens to undergraduate STEM undergraduate students,
some in engineering and others in non-engineering disciplines,
when exposed to a summer research experience involving
biological laboratory techniques, in near-real-time.

II. BACKGROUND

Traditional measures such as self-reports (e.g., surveys,
interviews) are frequently utilized by educational researchers
to observe changes in knowledge and skill-based performance
in different training settings due to an intervention; however,
these instruments are not free from flaws [5]. Pre- and post-
test self-reports for lab-based experiences provide valuable



insights of a student’s exposure, but they do not help identify
the real impacts learning of a URE. Additional limitations to
self-reports include its overreliance on a person’s retrospective
or subjective perspectives and memories, higher susceptibility
to bias, and limited consideration of authentic contexts, which
limits researchers’ understanding of nuanced barriers students
may face as they are gaining lab skills [6, 7, 8].

In recent years, educational psychologists and STEM edu-
cation researchers have begun to combine self-reports with
physiological sensor technologies to gain both the percep-
tual and real experiences of participants as they engage on
a learning and training task [8, 9]. These physiologically-
embedded computing systems have been used in classrooms to
monitor students’ engagement levels [8, 9]. By tracking phys-
iological signals like heart rate, skin conductance, and brain
activity, these systems can infer student’s cognitive and emo-
tional state in near-real-time, offering an objective measure
of performance. When combined with subjective measures
offer,physiologically-embedded computing systems offers a
holistic approach to study performance [8, 9]. For example,
if a student appears disengaged or stressed, a physiologically-
embedded system could adapt the learning content or provide
targeted support to help students re-engage with experiential
learning [8]. In one study, researchers used electrodermal
activity (EDA), a measure of physiological stress while un-
dergraduate computer science and engineering students were
programming and found that students who experienced higher
physiological stress levels tended to make more errors in their
code [9].

This research employed a multimodal method [10, 11]
combining eye-tracking, electrodermal activity, and salivary
biomarker analysis before and after undergraduate lab skills
training session. Using a pre/post quiz, to understand knowl-
edge and skills, seven STEM undergraduate students in their
junior year were asked to study provided material in two
forms: a digital written lab book (control) and video-based
tutorials embedded into the digital written lab book (experi-
mental condition). These two instructional aids were studied to
thoroughly assess the factors that impacted lab skill acquisition
as they prepared to put into practice cell culture cryopreserva-
tion techniques. This exploratory but full research study took
place during the Summer of 2023.

Additional goals of this exploratory study served: to explore
the utility of eye tracking to assess student attention [12] and
the use of physiological electrodermal activity (EDA) to assess
cognitive load and emotional arousal [13] knowledge and skill-
based performance that happens when undergraduate STEM
students participate in a summer URE.

A. Use of Multimodal Physiological Tools (EDA and Eye
Tracker) in Task Performance Studies

Eye tracking (ET) and electrodermal activity (EDA) are
frequently used physiological methods to assess cognitive
processes and emotional arousal levels during learning tasks
[14]. Eye tracking uses cameras or sensors to monitor and
record eye movements and fixations to a region of interest,

offering valuable insights into how visual attention is allocated
[15]. Research studies have utilized eye-tracking technology
to evaluate the focus and concentration of engineering stu-
dents during exams [17, 18]. Researchers discovered that
individuals who achieved high-performance levels dedicated a
greater amount of time to concentrate on specified rote-recall
information, such as formulas, while allocating less attention
to peripheral content, such as headers. Suggesting selective
attention to assigned tasks [19].

EDA quantifies fluctuations in sweat gland function using
electrodermal activity sensors, which indicate the stimulation
of the sympathetic nervous system and is an indicator of phys-
iological emotional arousals [16]. Researchers have recently
integrated eye tracking with EDA to assess both cognitive
load and emotional arousal levels. A study monitored the
eye movements and EDA of 105 undergraduate computer
science students while they were taking coding exams at
private university in the Midwest [20]. The study observed that
the students experienced an elevated blinking rate, pupil dila-
tion, and increased skin conductance when they encountered
complex syntax errors suggesting excessive cognitive load and
high levels of mental effort when taking the coding exam
[19, 20]. Taken together, eye tracking enables the analysis of
visual attention and scanning patterns while EDA measures
physiological arousal due to an emotive response [28].

For this exploratory study, eye tracking and EDA were used
in a multi-modal approach through measures of emotional
arousal and cognitive load using an online quiz assessment
before (pre) and after (post) a lab training experience for a
URE summer program focused on cell culture [10, 27, 32].
The use of knowledge assessment (e.g., quiz) and physiolog-
ical tools in STEM education or UREs is relatively nascent.
To our knowledge, no other study has combined these tools
to understand laboratory-specific skill acquisition in STEM
education.

III. RESEARCH DESIGN AND METHODS

This full research study was conducted as an exploratory
quasi-experimental study [21] where a group of seven STEM
education undergraduate students were placed in either a con-
trol or experimental condition to infer the causality between
the independent variable (type of instructional aid) and depen-
dent variable (lab-skill performance). The control condition
consisted of an instructor-designed digital, written tutorial
on laboratory cell culture techniques while the experimental
condition consisted of the same tutorial with video-based
contents and instructions; the latter group was also provided
the digital, written tutorial for additional support. The research
hypothesis was:

A. Research Hypothesis and Rationale

Hypothesis 1. There will be an increase in pre- and post lab-
based performance for URE students who utilized video-based
learning materials compared to those who utilized digital,
written learning materials only.



We hypothesized that video-based supplementary material
will help students to cognitively establish connections to the
lab training that will lead to an improved quiz performance
compared to text-only materials. According to the literature,
the use of educational videos in the context of teaching
and trainings can enhance engagement, support mental model
development, strengthen mastery, recall and increase of com-
plex technical concepts essential in engineering education
[22, 33]. This prediction was also found in prior research in
which video-based learning improved skill acquisition over
text-based learning alone [23] and provided additional sen-
sory modalities that support students’ constructions of mental
schemas via dynamic visuals and demonstrations [24].

B. Data Analysis and Interpretation

This study had 2 types of sample sizes. The first is par-
ticipant sample size which included control (n=3) and exper-
imental (n=4) groups. The second sample uses ET and EDA
physiological data of participants specifically. Eye tracking
data was collected using a GazePoint GP3 eye tracker at 60
Hz, resulting in n (avg) = 144,000 data points for the control
group and n (avg) = 90,000 data points for the experimental
group. This high-resolution data allowed for detailed analysis
of pupil dilation and blink rate to assess visual attention
patterns and cognitive load. Concurrently, EDA was recorded
continuously using an Empatica E4 wristband. EDA data
was preprocessed to extract baseline tonic (skin conductance
level, SCL) and phasic (skin conductance responses, SCRs)
components, providing insights into overall arousal and event-
related physiological responses. To integrate these diverse data
streams, Pearson correlation analyses were conducted between
EDA metrics and eye-tracking parameters for the control and
experimental groups. The participant sample size served to
describe average performance scores in the pre- and post-quiz
and time of quiz taking.

IV. PARTICIPANTS

For the participants, a group of seven undergraduate STEM
education students, comprising three male-identifying and
four female-identifying participants in a summer iGEM
synthetic biology undergraduate summer research experience
led by the third author. The junior and senior students were
chosen through convenience sampling [25]. The third author
pre-assessed the previous knowledge about laboratory cell
culture techniques. All student participants reported to have
basic knowledge on biology/microbiology but had not been
trained in mammalian cell culture. The third author developed
a NIH/3T3 Fibroblast Cell Culture Basics training for the
students and in consultation with the second author assigned
students to one of two groups - an experimental group (n=4)
receiving video-based learning materials and a control group
(n=3) receiving equivalent text-based materials.

Under Institutional Review Board approvals (IRB
202200802), the students were provided with a demographic
questionnaire asking about their cell culture and bench
laboratory experience in addition to their self-identified

gender, race, ethnicity, age range, year of undergraduate
study, age range, and GPA. This survey was provided one
week before the cell culture training. The research team
quickly assessed the level of experience self-reported by
the participants to pre-assign them to a control group or
experimental group. A control group was assigned to the
students who had a lot of cell culture/bench lab experience,
and the experimental group was assigned to students who had
little-to-no experience. The rationale was that by allowing
the inexperienced group to have the video-based tutorials,
their skill acquisition may be like the control group after the
training.

The third author had custom-created two versions of
the NIH/3T3 Fibroblast Cell Culture tutorial a few weeks
prior to the study. One version of the tutorial, aimed for
the control group, contained digitally written laboratory
protocols and PDF-generated resources. The second version
of the tutorial, aimed for the experimental group, contained
the same resources as the control group with the added
feature of video-based content that included a suite of cell
culture video demonstrations from the Journal of Visualized
Experiments and YouTube. The students were required to
take all necessary Environmental Health & Safety training for
handling biological reagents, waste disposal and autoclaving
procedures before the study. Upon identifying the control and
experimental group, the third author allowed access to one
of the two tutorials corresponding to their group assignment.
The sharing of the content happened simultaneously and
occurred two days before the study to ensure all participants
received the same time frame to prepare for the NIH/3T3
Fibroblast Cell Culture Training.

Quiz materials were created by the second author using the
cell culture tutorial as a reference and the 12 multiple-choice
question quiz was shared with the third author for verification
and accuracy of the content and to ensure that the content
selected was the same across the two experimental conditions.
The quiz consisted of 12 questions that covered the cell
culture tutorial content. The first and second author custom-
created a Canvas learning management system module to
house the quiz as well as the protocol needed to collect the
eye tracking and EDA data. This quiz included step-by-step
instructions on how to calibrate the physiological tools to
establish a baseline signal before the participants took the
quiz.

On the day of the experiment, participants first completed
a pre-quiz in the testing station found in the lab of the
second author. The average duration of the pre-quiz was
40 minutes for the control group and 25 minutes for the
experimental group. The student groups were then escorted
to the third author’s laboratory to put into practice what they
had learned in the tutorial and to participate on a hands-on
training session with a graduate student of the third author’s
lab. The cell culture technique training sessions averaged
2 hours for the control group and 1 hour 30 minutes for
the experimental group. During this timeframe, the graduate
student trainer annotated in a lab skill worksheet created



by the third author, the number of cell culture lab skills
that were demonstrably accurate by the participants. After
completing the hands-on training, the groups were escorted
back to the testing session of the second author’s lab so that
they can complete a post-quiz that had the same content as
the pre-quiz. The average completion time for the post quiz
was 24 minutes for the control group and 27 minutes for the
experimental group.

V. TESTING STATION SETUP AND APPARATUS DETAILS

A. Testing Station Setup

During the pre- and post-quiz testing sessions, participants
were asked to sit down in a desk station containing a laptop
and a separately connected monitor, keyboard, mouse, and a
custom-made Canvas quiz page. Underneath the monitor, a
Gazepoint GP3 eye tracker was utilized to capture participants’
gaze data throughout the quiz period. The GP3 angle was pre-
set at around 45-degrees from the bottom of the monitor and
pointing to the participants’ eyes, although the degree was
adjusted according to participant height by a member of the
lab team of the second author. Proper angling of the eye tracker
was verified by running the calibration protocol embedded
in the eye-tracker software. The first author and a graduate
student lab assistant helped to calibrate the eye tracker and
EDA sensors as the participants sat down. The second author
assisted with participant setup and salivary sampling. The third
author and a lab assistant supporting laboratory training of
participant pre- and post-quiz.

B. Apparatus Details

The gazepoint GP3 is a non-invasive, lightweight eye-
tracker. GP3 is designed to capture eye gaze data in a way that
enables unrestricted movement of the head during tracking.
The GP3 system operates by projecting near-infrared light on
the eyes at a wavelength of 850nm and recording corneal re-
flections with a sampling rate of 60Hz using sensors integrated
into the glasses frame. Gaze position accuracy is 0.5-1 degrees
over an 80-degree horizontal and 40-degree vertical range. The
eye tracker is calibrated for each participant prior to use to
map their individual gaze coordinates and was time-synced to
the laptop internal clock. The GP3 records eye-tracking data
with high temporal resolution, typically at 60Hz or higher, and
each data point is timestamped, enabling detailed analysis of
eye movements and gaze positions over time.

EDA was assessed using a wireless, Bluetooth-enabled Em-
patica E4 non-invasive, wristbands equipped with both EDA
and PPG sensors to enable the measurement of the sympathetic
nervous system activity as well as heart rate. In addition, E4
houses additional sensors that capture accelerometry data for
movement, internal thermopiles (for skin temperature detec-
tion), and has event-marking capabilities with a 5ppm time
referencing accuracy. E4 has an internal memory capable of
storing up to 60 hours of data with a 5s synchronization
resolution. For this study, the research team solely used
the EDA data and the event-marking capabilities. For the
EDA, variations in the electrodermal conductivity of the skin,

measured by electrical conductance changes in microSiemens
was collected at a sampling rate of 4Hz to measure tonic
(baseline) and phasic (reactive/responsive) levels. The EDA
signal provides an indication of sympathetic nervous system
arousal and physiologically induced emotional arousal levels.

Both EDA and ET were time synchronized to the quiz
questions using the analytics from the Canvas quiz and the
laptop internal clock. This allowed for a more nuanced data
capturing that will be described in a future paper. Note that
because EDA and ET data streams range between 4 Hz and 60
Hz, respectively, the physiological sample size for the control
group was almost 200,000 and for the experimental group was
430,000. As such, while the participant numbers may be small,
the real-time physiological data is substantiative to provide a
robust understanding of the experiences that these students had
during the study.

VI. PROCEDURE

The experiment was conducted following Institutional Re-
view Board (IRB)-approved procedures (IRB 202200802) and
spanned two days. On the first day, all participants in the
control group were placed in a lab station fitted with a
computer monitor, keyboard, mouse, one ET positioned at
the bottom of the monitor at a 45-degree angle pointing
towards the participant’s eyes, and one EDA wristband that
was adjusted snugly to participants’ non-dominant hand by a
member of the research team. Before the start of the quiz,
the eye tracker was calibrated using Gazepoint GP3 software
for each participant. Eye movement data and EDA baselines
were captured according to manufacturer recommendations as
well as previous lab methods from the research team [26].
Both GP3 and E4 were time synched and consistently recorded
throughout the entire duration of the quiz.

The raw gaze data was analyzed utilizing Gazepoint soft-
ware [29]. The Gazepoint standard filter was employed to
detect and analyze blinks and fixations. The eye fixation
locations were determined by identifying anatomical regions
of interest that were relevant to performance on the quiz
[30]. Analyzed skin conductance data was used to extract
phasic (reactive) EDA components from its tonic components
(baseline), which served as indicators of sympathetic arousal in
response to specific events [31]. Saliva samples were collected
at five distinct time intervals: 1) 10 minutes before the quiz
as a reference point, 2) after viewing the introductory video,
3) during the midpoint of the quiz, 4) immediately after the
quiz, and 5) 10 minutes after the quiz. Note that for this study,
salivary data or laboratory skill tracking will not be presented
as data analysis is ongoing.

VII. DESCRIPTIVE AND STATISTICAL ANALYSIS

Descriptive summaries for the participant performance data,
means and standard deviations, were calculated to describe
differences in quiz completion time between the control and
experimental groups. For the physiological electrodermal and
eye-tracker data, in alignment with the assigned control and
experimental group designations was used where p < 0.05



were statistically significant and (0.05 < p ≤ 0.10) are
marginally significant. To explore potential physiological cor-
relates of performance, a Pearson correlation analysis was
performed on the eye-tracking per group to identify any
statistically significant relationships between EDA measures
and ET metrics.

VIII. RESULTS

A. Observation of Group Performance Results

The average time (minutes) and scores (%) that the par-
ticipants in both groups for the pre-quiz and post-quiz are
summarized in Table 1. As seen in Table 1, the control
group participants exhibited a decrease in the time for the
post-quiz compared to the pre-quiz. In the control group, the
time to complete the post-quiz decreased by 10-20 minutes
compared to the pre-quiz for all participants. The average
time to complete the pre- and post-quiz decreased from 38.33
minutes (SD = 5.77) in the pre-quiz to 24.33 minutes (SD =
1.15) in the post-quiz. Similar reductions were observed in the
experimental group, with all participants completing the post-
quiz 8-14 minutes faster than the pre-quiz. The average time
for the experimental group decreased from 41.00 minutes (SD
= 2.94) in the pre-quiz to 27.00 minutes (SD = 3.65) in the
post-quiz.

Regarding quiz scores, the control group showed an im-
provement from an average of 52.67% (SD = 17.62) in the pre-
quiz to 66.67% (SD = 8.50) in the post-quiz. The experimental
group, however, showed a slight decrease in average score
from 77% (SD = 7.66) in the pre-quiz to 73% (SD = 17.30)
in the post-quiz.

It’s important to note that the experimental group started
with a higher average pre-quiz score (77%) compared to the
control group (52.67%). Despite the slight decrease in the
experimental group’s post-quiz score, they still maintained
a higher average (73%) compared to the control group’s
post-quiz average (66.67%). The data suggests the control
group showed improvement in both time and score, while
the experimental group improved in time but showed a slight
decrease in average score. However, the experimental group
maintained higher scores overall.

TABLE I
PRE-QUIZ AND POST-QUIZ PERFORMANCE COMPARISON BETWEEN

CONTROL AND EXPERIMENTAL GROUPS

Pre-Quiz Post-Quiz
Participant Score (%) Time (min) Score (%) Time (min)

Control
C-001 58 35 58 25
C-002 67 35 75 23
C-003 33 45 67 25

Average - 52.66 38.33 66.66 24.33
SD - 17.61 5.77 8.50 1.15

Experimental

E-001 67 37 75 23
E-002 83 42 92 31
E-003 75 41 50 25
E-004 83 44 75 29

Average - 77 41 73 27
SD - 7.65 2.94 17.30 3.65

B. Physiological Data Results

As shown in Table 2, the eye-tracker blink rate and pupil
dilation data for both the control and experimental groups
are summarized during the pre-quiz and post-quiz phases.
Blink rate, an indicator of cognitive fatigue, showed an
increase in the control group from the pre-quiz (M=16.1,
SD=7.12) to the post-quiz (M=20.47, SD=9.03). In contrast,
the experimental group exhibited a decrease in blink rate from
the pre-quiz (M=23.14, SD=7.56) to the post-quiz (M=11.91,
SD=9.03). However, the differences between the control
group (t = -3.18, p = 0.086) is marginally significant and
experimental group (t = 2.18, p = 0.117) is not statistically
significant for either the pre-quiz (t = -1.248, p = 0.134)
or the post-quiz (t = 1.301, p = 0.125). Pupil dilation, an
indicator of cognitive load, showed a slight decrease in the
control group from the pre-quiz (M=16.13, SD=1.50) to the
post-quiz (M=15.79, SD=2.55). The experimental group,
however, demonstrated a small increase in pupil dilation from
the pre-quiz (M=17.74, SD=2.77) to the post-quiz (M=18.39,
SD=1.20). The differences between the control group (t =
0.53, p = 0.64) and experimental group (t = -0.41, p = 0.70)
were not statistically significant for the pre-quiz (t = -0.897,
p = 0.205) and marginally significant for the post-quiz (t
= -1.822, p = 0.064). The eye-tracker data suggests that
the experimental group experienced a decrease in cognitive
fatigue (as indicated by the reduced blink rate) and a slight
increase in cognitive load (as indicated by the increased
pupil dilation) from the pre-quiz to the post-quiz phase. In
contrast, the control group showed an increase in cognitive
fatigue and a slight decrease in cognitive load. However,
the lack of statistical significance in the differences between
the groups suggests that these changes could be due to chance.

TABLE II
EYE-TRACKER DATA SUMMARY FOR CONTROL AND EXPERIMENTAL

GROUPS

Blink Rate, blinks/minute Pupil Dilation, mm/second
Pre-Quiz Post-Quiz t-test p-value Pre-Quiz Post-Quiz t-test p-valueMean SD Mean SD Mean SD Mean SD

Control 16.10 7.12 20.47 9.03 -3.18 0.086 16.13 1.50 15.79 2.55 0.53 0.64
Experimental 23.14 7.56 11.91 9.03 2.18 0.117 17.74 2.77 18.39 1.20 -0.41 0.70

t-test -1.248 1.301 - - -0.897 -1.822 - -
p-value 0.134 0.125 - - 0.205 0.064 - -

The EDA analysis, as shown in Table 3, provides a
detailed insight into the physiological emotional arousal of
participants during the pre-quiz and post-quiz for control and
experimental groups. In the pre-quiz, the experimental group
exhibited higher mean phasic (M=1.17, SD=2.29) and tonic
(M=1.36, SD=2.21) compared to the control group (phasic:
M=0.358, SD=0.61; tonic: M=0.39, SD=0.36). However, the
differences between control group (t = -0.063, p = 0.995)
and experimental group (t = -0.102, p = 0.926) were not
statistically significant for either phasic (t = -0.58, p = 0.29)
or tonic EDA (t = -0.73, p = 0.24). During the post-quiz,
the experimental group continued to show higher mean
phasic EDA (M=1.12, SD=1.29) compared to tonic EDA
(M=0.42, SD=0.36) compared to the control group (phasic



EDA: M=0.68, SD=1.17; tonic EDA: M=0.09, SD=0.08).
The differences between the control group (t = 0.812, p =
0.502) and experimental group (t = 0.881, p = 0.443) were
not statistically significant for phasic EDA (t = -0.46, p =
0.33) and marginally significant for tonic EDA (t = -1.47, p
= 0.10). The higher tonic EDA values in the experimental
group suggest that participants in this group experienced
greater baseline physiological emotional arousal across the
experiment compared to the control group suggesting potential
autonomic changes in arousal, that may have resulted from
changes from spontaneous fluctuations in EDA to a sustained
stimulus (e.g., quiz questions) over a period. However, the
lack of statistical significance indicates that the differences in
EDA between the groups could be due to chance.

TABLE III
EDA DATA SUMMARY FOR CONTROL AND EXPERIMENTAL GROUPS

EDA, microSiemens
Pre-Quiz Post-Quiz

Phasic Tonic t-test p-value Phasic Tonic t-test p-valueMean SD Mean SD Mean SD Mean SD
Control 0.36 0.61 0.39 0.36 -0.06 0.96 0.68 1.17 0.09 0.08 0.81 0.50

Experimental 1.17 2.29 1.36 2.21 -0.10 0.93 1.12 1.29 0.42 0.36 0.88 0.44
t-test -0.58 -0.73 - - -0.46 -1.47 - -

p-value 0.29 0.24 - - 0.33 0.10 - -

C. Pearson Correlation Results

A bivariate Pearson correlation analysis was performed to
investigate the relationships between physiological measures,
including pupil dilation, EDA tonic values, EDA phasic
values, and blink rate as students were taking the pre- and
post-quiz. The results revealed varying degrees of correlation
between these variables, although none of the correlations
reached statistical significance.

TABLE IV
PEARSON CORRELATION FOR THE CONTROL GROUP

Pupil Dilation &
Tonic EDA

Pupil Dilation &
Phasic EDA

Bink Rate &
Tonic EDA

Blink Rate &
Phasic EDA

Pre-Quiz Post-Quiz Pre-Quiz Post-Quiz Pre-Quiz Post-Quiz Pre-Quiz Post-Quiz
r -0.85 0.47 0.38 0.22 -0.26 0.95 -0.36 -0.51

p-value 0.34 0.68 0.74 0.85 0.83 0.19 0.76 0.65
R2 0.72 0.22 0.14 0.04 0.06 0.90 0.12 0.26

Variance 72% 22% 14% 4% 6% 90% 12% 26%

Upon analyzing the data in Table 4, we observed a marginal
positive correlation between the post-quiz blink rate and
post-quiz EDA tonic for the control group, with a Pearson
correlation coefficient of r = 0.95, p = 0.19, although not
significant but close to marginal significance for the control
group.

TABLE V
PEARSON CORRELATION FOR THE EXPERIMENTAL GROUP

Pupil Dilation &
Tonic EDA

Pupil Dilation &
Phasic EDA

Bink Rate &
Tonic EDA

Blink Rate &
Phasic EDA

Pre-Quiz Post-Quiz Pre-Quiz Post-Quiz Pre-Quiz Post-Quiz Pre-Quiz Post-Quiz
r 0.71 -0.07 0.06 0.71 0.73 -0.26 -0.60 -0.25

p-value 0.28 0.92 0.93 0.28 0.26 0.73 0.31 0.74
R2 0.50 0.005 0.003 0.51 0.54 0.06 0.36 0.06

Variance 50% 0% 0% 51% 54% 6% 36% 6%

After examining the data in Table 5, we found no statisti-
cally significant differences in pupil dilation, blink rate, EDA
phasic, and EDA tonic for the experimental group.

IX. DISCUSSION

The study aimed to compare the effectiveness of video-
based and text-based instructional materials in relation to
students’ learning outcomes and physiological responses. The
results indicate that both groups experienced an observable
though not statistically significant decrease in the time taken to
complete the post-quiz compared to the pre-quiz. Nevertheless,
the experimental group, which employed video-based learning
material, appeared to have better results on the post-quiz
despite a slight decrease in the mean score compared to
the pre-quiz. The control group, which utilized text-based
instructional material, appeared to have a greater improvement
in average scores from the pre-quiz to the post-quiz.

After conducting an in-depth investigation, we discovered
one noteworthy participant in the control group who achieved
a very low score on the pre-quiz and took a longer time to
complete it compared to the other participants. This participant
acknowledged using internet videos (i.e., YouTube) to prepare
for the quiz despite the researchers’ instructions to refrain
from using online tools; this participant also acknowledged
not having prior cell culture technique but having general
lab experience. Nevertheless, this same participant exhibited
significantly better performance compared to the other two
participants in the control group during the post-quiz. This
participant achieved a 50% increase in post-quiz score com-
pared to their pre-quiz score and demonstrated the greatest
improvement in learning from the cell culture training among
all the participants in the control group. This student also
became one of the highest performers of the group towards
the end of the URE, as reported by the third author (data not
shown).

Based on the eye-tracker results, it can be inferred that the
experimental group showed a decrease in cognitive fatigue (as
indicated by a decrease in blink rate) and a slight increase in
cognitive load (as indicated by an increase in pupil dilation)
from the pre-quiz to the post-quiz phase. In contrast, the
control group demonstrated an increase in cognitive fatigue
and a slight decline in cognitive load. This may suggest that
the experimental group, having more lab experience, afforded
the space to focus more on the task and concentrate on the
application of the learned content compared to the control
group.

Interestingly, the experimental group showed higher emo-
tional arousal across the pre- and post-quizzes for both phasic
and tonic EDA although the post-quiz event appeared to have
the highest tonic EDA levels with a marginal significance
compared to the control group. This may suggest either a
long-standing cognitive stress prior to the summer experience
perhaps due to a desire to perform accurately to the experiment
and training task or due to frustration about the experimental
setup and time duration. Further experiments would need
additional qualitative data (post-interview with participants) to



nuance these findings further.
The bivariate Pearson correlation analysis examined the re-

lationships between students’ physiological measures, specif-
ically pupil dilation, tonic EDA, phasic EDA, and blink
rate. Although none of the correlations achieved statistical
significance two noteworthy findings showed a strong positive
correlation between the post-quiz pupil dilation and tonic EDA
for control and experimental groups and a strong positive
correlation found between post-quiz blink rate and post-quiz
EDA tonic (for control group). Both suggest a potential
relationship between cognitive load and emotional reactive
arousal responses to a task.

To summarize, the study demonstrated that the experimental
group, who used the video-based instructions, achieved a
slightly better score on the post-quiz. On the other hand, the
control group, which used text-based instructions, showed a
greater improvement from the pre-quiz to the post-quiz. How-
ever, these differences were not statistically significant. The
control group performed better in the post-quiz as compared
to the pre-quiz, although the difference was not statistically
significant. Meanwhile, the experimental group performed
almost the same in both the pre-quiz and post-quiz. The eye-
tracker data showed a slightly significant rise in blink rate
for the control group, suggesting that they experienced more
cognitive fatigue compared to the experimental group. The
reason for this could be that the control group studied only
with text-based instruction, whereas the experimental group
received video-based instruction. This difference in instruc-
tional methods may have resulted in reduced fatigue for the
experimental group, as video-based instruction is believed to
facilitate faster learning. The observed effect can be attributed
to the utilization of video-based instructions, that help in
reducing fatigue and facilitating faster learning within the
experimental group.

X. CONCLUSION AND NEXT STEPS

The study suggests that video-based instructions might have
advantages compared to text-based material, such as reducing
learner fatigue and potentially improving the learning process.
With that said, we cannot discard the influence that prior
experience and perhaps disciplinary areas of study may have
played.

Future studies will aim to increase sample sizes to identify
the potential statistical significance of the findings. Also, the
research team will begin to randomize the treatments as well
as expand modalities of instruction as it was suggested that
a combination of text and video (per the control participant
exception observed) may be conducive to increase in perfor-
mance. More work will continue to explore the influences
that instructional aids can have in research lab training for
undergraduate students as this is an underexplored area of
study.
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