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Inquiry-based learning followed by peer-teaching in a
physiological signals lab: Work in Progress

Introduction

Cooperative, student-centric pedagogical models have been shown extensively to enhance
student learning. Not completely unrelated to these models, student attitude and motivation has a
significant impact on student learning. Grades make a convenient extrinsic motivator for
students to learn but when students are intrinsically motivated the learning occurs at a higher
level®. Along those lines many instructors are exploring how to utilize active learning in
laboratory classes?># because cookie-cutter labs do not allow students to practice their creativity
or develop critical thinking skills>®7. Inquiry-based learning in a laboratory environment
develops creativity and critical thinking skills®®. Peer-teaching has also been shown to increase
student learning in a laboratory environment®. This study looks at how inquiry-based learning
followed by peer-teaching affects student attitudes toward the subject matter and their overall
learning experience.

Methods

Table 1. The five different measurement techniques utilized to complete instructor provided
objectives.

Technique Instructor Provided Objectives

e Collect signal using National Instruments myDAQ and homemade
Electromyography amplifiers
(EMG) e Analyze the signal using Labview

e Compare lifting a variety of weights at a variety of speeds
e Collect alpha waves under two different conditions such as eyes
open and eyes closed

Electroencephalography

(EEG) e Compare the frequencies
Heart Rate Variability e Collect 20 minutes of electrocardiography data
(HRV) e Calculate HRV statistics

e Determine relationship between voltage and angle of vision
Electrooculography e Measure reaction time for moving eyes only
(EOG) e Measure reaction time for maintaining gaze during forced head

movement

e Record an action potential upon posterior stimulation

e Record an action potential upon anterior stimulation
Earthworm Action e Calculate action potential velocities and compare posterior to
Potential Propagation anterior

e Determine stimulus threshold (i.e. how many action potentials are
required to elicit a muscular response)

A brief description of the physiological signal measurement techniques and the objectives to be
met is shown in Table 1. These were presented to all of the students before they were asked to
complete a survey of their preferred topic to study. Groups of two or three students were then
created by the instructor. Groups were given some critical background information to prepare
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for lab including references regarding relevant physiology, measurement techniques, and data
analysis specific for the acquired signal. The groups were allowed one three hour lab period to
learn and practice the measurement and analysis techniques in order to achieve the instructor
provided objectives making them the “experts”. During the following week’s three hour lab, all
of the groups presented their techniques and how to achieve the objectives. During the next four
lab periods, groups rotated through the other four experiments that were presented to them and
achieved the instructor provided objectives.

The attitudinal impact of this pedagogy including student-perceived learning gains, confidence in
their understanding, and enthusiasm for learning the new material was assessed using an
anonymous online survey ‘Student Assessment of their Learning Gains (SALG)’ containing
Likert-style and free response questions®®. The Likert-style questions ranged from “no gains” or
“no help” scoring a 1 to “great gains” or “great help” scoring a 5. The sample size that
completed the survey was 16 out of the 33 enrolled students.

Results

Three of the five techniques had not been performed by the students in the curriculum before:
EOG, EEG, earthworm action potential propagation. Students reported an increase in perceived
understanding for EEG and EOG receiving scores of 4.0/5.0 with 31% reporting “great gain” in
their understanding. The earthworm action potential propagation scored a 3.6/5.0. The
techniques that were not completely new scored slightly lower, 3.4/5.0 and 3.2/5.0 for EMG and
HRYV respectively.

The students reported perceived increase in skills due to “teaching peers how to perform an

experiment” (3.9/5.0) but reported a smaller gain in understanding from “preparing and giving

oral presentations” (2.9/5.0). Students reported only a moderate gain in “enthusiasm for

physiological signals™ (3.2/5.0) compared to a larger gain in “confidence that you can analyze

physiological signals” (4.0/5.0). The comments about how “class changed your attitudes toward

the subject” were overall very positive:

e “I feel more prepared to collect, analyze and explain physiological signals”

e “Iwas not particularly interested in signal processing before this lab. I now have a better
understanding of how to interpret signals along with a marginally increased interest in them.”

Students found “participating in class discussions during class with peers”, “participating in class

discussions during class with instructor”, and “participating in group work during class” as

helpful (3.9/5.0 each); 25%, 25%, and 31% respectively found these class activities as “great

help”. Students found “working with peers during class” and “working with peers outside of

class” to be more helpful scoring 4.1/5.0 for both. The comments about how “the support you

received from others helped your learning” were overall very positive:

e “It made it much easier to learn the material if I could interact with others to work out the
solutions to my problems”

e “Between staff and peers, I asked a lot of questions and got asked plenty of questions as well.
The classroom was a cooperative environment”

e “Everyone was willing to help each other out in the group labs and this was really helpful to
allow us to learn it better”
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When asked to comment on “how the way this section of class was taught helps you remember

key ideas,” students gave mixed comments:

e “Having to create a lab for ourselves and teach it to the class helped me to understand the
physiology behind the experiment better.”

e “I don’t think this method made me better remember any key ideas. It seemed like such big
shifts each week that we didn’t have time to absorb any one thing.”

e  “We only covered slightly above the fundamental level of understanding most of the
subjects. This helps me to remember these fundamentals.”

e “Learning on my own and then teaching students was probably the best method of learning.
| found it easier to sort and organize my thoughts if | knew | would have to repeat them to the
class and have a fundamental understanding of each concept in case questions were asked.”

Discussion, Conclusions, and Future Work

Inquiry-based learning was a success. The students were given background information as well
as a friendly environment for experimentation which allowed them freedom to apply the
understanding they already had and learn new skills. They enjoyed the experience and felt they
learned the techniques. Peer-teaching was a success but does show room for improvement.
When the students taught each other the technique, they appreciated the process of breaking
down the steps and being clear to not just show conceptual knowledge but teach how to perform
a task. The students appreciated and utilized the friendly environment to ask each other
questions.

In future offerings of the course, each successive week after the initial inquiry-based learning
week will be dedicated to a specific experiment. Having all of the presentations in one week and
then rotating through the experiments meant that the later weeks were further removed from their
presentation and that the “experts” were busy performing their own lab experiment. In future
offerings of the course, “experts” will present at the beginning of lab and then act as teaching
assistants during lab. Also, some techniques were found to be less suited for this pedagogical
style. The HRV lab will be removed from this section of the course. Lastly, the objectives will
be evaluated as some were not obtainable or a more challenging objective should be added to
elevate the expectations. The course discussed in this study has only been offered this single
time so no control group exists which is a limitation concerning analysis. Future analysis will
focus on assessing how being the “expert” for a measurement and analysis technique leads to
increased knowledge and skills.

References

1. Sinatra, G. M. “The “worming trend” in conceptual change research: The legacy of Paul R. Pintrich,”
Educational Psychologist, vol. 40, issue 2, pp. 107-115, 2005.

2. Farnsworth, C. B., R. W. Welch, M. J. McGinnis, G. Wright, “Bringing Creativity into the Lab Environment,”
in ASEE Annual Conference and Exposition, Atlanta, Georgia, 2013.

3. Ramos, R. F., “Introduction of Active Learning Techniques Increases Student Learning in a Systems
Physiology Laboratory Course,” in ASEE Annual Conference and Exposition, Indianapolis, Indiana, 2014.

v 1¥6°92 abed



10.

Sieving, A. L., M. Pool, S. A. Jewett, T. Eustaquio, R. Madangopal, A. Panitch, K. Stuart, A. E. Rundell,
“Development of Verification and Validation Engineering Design Skills through a Multi-year Cognitive
Apprenticeship Laboratory Experience,” in ASEE Annual Conference and Exposition, Atlanta, Georgia, 2013.
Kirschner, P. A. “The laboratory in higher science education, problems, premises, and objectives,” Higher
Education, vol. 17, pp. 81-90, 1988.

Litzinger, T., L. R. Lattuca, R. Hadgraft, W. Newstetter, “Engineering Education and the Development of
Expertise,” Journal of Engineering Education, vol. 100, issue 1, pp. 123-150, 2011.

Newstetter, W. C., E. Behravesh, N. J. Nersessian, B. B. Fasse, “Design principles for problem-driven learning
laboratories in biomedical engineering education,” Ann Biomed Eng, vol. 38, pp. 3257-67, 2010.

Miles, M. J., A. B. Burgess, “Inquiry-based laboratory course improves students’ ability to design experiments
and interpret data,” Advances in Physiology Education, vol. 27, pp. 26-33, 2003.

Linsenmeier, R. A, D. E. Kanter, H. D. Smith, K. A. Linsenmeier, A. F. McKenna, “Evaluation of a Challenge-
based Human Metabolism Laboratory for Undergraduates,” Journal of Engineering Education, vol. 97, issue 2,
pp. 213-222, 2008.

Seymour, E., D. J. Wiese, A. B. Hunter, S. M. Daffinrud, “Creating a Better Mousetrap: On-line Student
Assessment of their Learning Gains,” in National Meetings of the American Chemical Society Symposium, San
Francisco, California, 2000.

G'/¥6°92 abed



