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01. Introduction

A positive impact on learning outcomes through the
implementation of active learning strategies has been observed,
particularly in the STEM classroom (Freeman et al. 2014; Clark
2023; Beichner et al. 2007; Gaffney et al. 2008; Strelan, Osborn,
and Palmer 2020; Weir et al. 2019). Evidence also suggests that
students can better retain information and understand concepts
when presented with information via multiple delivery modes
rather than relying on words alone (Mayer 2003; Schnotz and
Banners 2003).

According to the Universal Design for Learning framework, there
is also a learning benefit when students are provided with various
ways to receive and process information (Meyer, Rose, and
Gordon 2014; Behling and Tobin 2018). To incorporate active
learning and Universal Design for Learning in my classroom, I
created an online, interactive activity to offer students an
engaging and effective learning experience on balancing chemical
equations.

Balancing chemical equations involves the application of the law
of conservation of mass, which states that matter cannot be
created or destroyed. Particularly for non-science majors,
balancing chemical equations can be challenging because it
requires analyzing molecular formulas and using ratios. This study
aimed to assess the impact of this activity on student learning
outcomes in two introductory chemistry courses.

02. Objective

To evaluate the impact of this online, interactive

activity on student learning outcomes related to
balancing chemical equations, student
perceptions of the activity were also assessed
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04. Activity Design

This learning station activity consisted of two main
components: the “input” stations where students received
new information and “output” stations where students
demonstrated their learning. This structure is based on the
station labs developed by Kesler Science (Kesler).
Input Stations Output Stations
e Read It Write It
e Watch It e Organize It

e Research It Illustrate It
e Explore It Assess It

The first iteration of this activity was created using Google
Forms and Google Slides. Students struggled to keep track
of their progress through these activities, therefore the
activity was adapted to Articulate Storyline so students
could easily track their progress and receive timely
feedback on each activity.

Activity Learning Objectives

e Label the parts of a chemical reaction Survey
. Responses
e Apply the Law of Conservation of Matter  cHm151Fal 25
. . CHM 151 Spring 53
to balance chemical equations TGS 57
Total 169
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07. Results

Pre-test vs Post-Test Results
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Figure 1. Pre-test and post-test results for CHM 151 (Fall and
Spring) and CHM 251. Statistical significance was determined using
a two-tailed t-test; *** =p <0.001.

Student Comments About This Activity

e It was very interactive and distilled the concepts into an easy-to-
learn format

e It helped me stay engaged and focused

e Iliked that there were different activities, so if you were not
understanding one part, another might help you

e I was able to work at my own pace

e It helped a lot to be able to visualize the equations and helped it
not be so overwhelming

e The different activities held my attention and I liked the instant
feedback

05. Try Out the Activity!

https://storage.googleapis.com/balancing_chemical equations_learning_activity/
Balancing%20Chemical%20Equations%20FINAL%20Web/story.html

06. Experimental Approach

Introductory chemistry courses CHM 151 (non-majors) and
CHM 251 (pre-nursing majors) in the Fall 2023 and Spring
2024 completed a pre-test (7 questions), the learning
activity, a post-test (7 - 10 questions), and a survey about
their perceptions of the activity.

ort Student

# enrolled # pre-test # activity # post-test complete data
CHM 151 Fall 48 38 43 45 31
CHM 151 Spring 59 48 53 57 43
CHM 251 Fall 127 115 102 120 94
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84% of students demonstrated growth from the pre-test to the post-test
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Figure 2. Percent growth for each student (each dot is 1 student),
calculated by (% pre-test - % post-test) / (100 - % pre-test) x 100.
84% of all students demonstrated growth on the post-test

Student Feedback

| enjoyed this activity

This activity helped me learn

This activity held my attention

| know more about balancing equations after this activity

| would like to do more activiies tike this |
IS 999®m=@ =

This activity should be used again next year

m Strongly Agree  m Agree mDisagree m Strongly Disagree  m Abstain n=169
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08. Conclusions

e Student feedback from iteration 1 requested a way to
track progress on the activity and better individual
feedback

e 84% of all students demonstrated growth between the
pre-test and post-test

e Statistically significant improvement was observed for
each class between the pre-test and the post-test

e >78% of students rated the activity positively in each of
the 6 survey questions

e Student feedback from the articulate storyline format
was more positive than feedback for iteration 1

e Student written feedback was generally positive,
appreciating the varied format and individual feedback

09. Future Directions

e Compare the efficacy of the activity based on student
demographics (e.g. race and/or gender)

e Compare the efficacy of the activity completed online vs
on paper where students physically move about the
classroom to engage with each activity

10. Works Cited

1.Behling, Kirsten, and Thomas Tobin. 2018. Reach Everyone, Teach Everyone: Universal Design for
Learning in Higher Education. Morgantown: West Virginia University Press.

2.Beichner, Robert J., Jeffery M. Saul, David S. Abbott, Jeanne J. Morse, Duane Deardorff, Rhett J. Allain,
Scott W. Bonham, Melissa H. Dancy, and John S. Risley. 2007. "The Student-Centered Activities for
Large Enrollment Undergraduate Programs (SCALE-UP) Project." In Research-Based Reform of
University Physics, edited by Edward F. Redish and Pat J. Cooney. Reviews in PER, vol. 1, no. 1. College
Park, MD: American Association of Physics Teachers. http://www.per-
central.org/document/ServeFile.cfm?ID=4517.

3.Bloom, Benjamin, ed. 1956. Taxonomy of Educational Objectives, Handbook I: The Cognitive Domain.
New York: David McKay.

4.Clark, Ted M. 2023. "Narrowing Achievement Gaps in General Chemistry Courses with and without
In-Class Active Learning." Journal of Chemical Education 100, no. 4 (April): 1494-504.
https://doi.org/10.1021/acs.jchemed.2c00973.

5.Crone-Todd, Darlene, and Joseph Pear. 2001. "Application of Bloom's Taxonomy to PSL." The Behavior
Analyst Today 2, no. 3 (January): 204-10. https://doi.org/10.1037/h0099931.

6.Freeman, Scott, Sarah L. Eddy, Miles McDonough, Michelle K. Smith, Nnadozie Okoroafor, Hannah
Jordt, and Mary Pat Wenderoth. 2014. "Active Learning Increases Student Performance in Science,
Engineering, and Mathematics." Proceedings of the National Academy of Sciences 111, no. 23 (June):
8410-15. https://doi.org/10.1073/pnas.1319030111.

7.Gaffney, Jon D. H., Evan Richards, Mary Bridget Kustusch, Lin Ding, and Robert J. Beichner. 2008.
"Scaling Up Education Reform." Journal of College Science Teaching 37, no.5 (May/June): 48-53.
https://www.jstor.org/stable/42993214.

8.Kesler, Chris. n.d. "Kesler Science Station Labs - Plug and Play Science Stations." Kesler Science.
Accessed February 26, 2024. https://keslerscience.com/kesler-science-station-labs-plug-and-play-
science-stations.

9.Mayer, Richard E. 2003. "The Promise of Multimedia Learning: Using the Same Instructional Design
Methods across Different Media." Learning and Instruction 13, no. 2 (April): 125-39.
https://doi.org/https://doi.org/10.1016/50959-4752(02)00016-6.

10.Meyer, Anne, David H. Rose, and David Gordon. 2014. Universal Design for Learning: Theory and

Practice. Wakefield, MA: CAST Professional Publishing.

11.Schnotz, Wolfgang, and Maria Banners. 2003. "Construction and Interference in Learning from

Multiple Representation." Learning and Instruction 13, no. 2 (April)2): 141-56.
https://doi.org/10.1016/50959-4752(02)00017-8.

12.Strelan, Peter, Amanda Osborn, and Edward Palmer. 2020. "The Flipped Classroom: A Meta-analysis

of Effects on Student Performance across Disciplines and Education Levels." Educational Research
Review 30 (June): 100314.

13.Weir, Laura K., Megan K. Barker, Lisa M. McDonnell, Natalie G. Schimpf, Tamara M. Rodela, and

Patricia M. Schulte. 2019. "Small Changes, Big Gains: A Curriculum-Wide Study of Teaching Practices
and Student Learning in Undergraduate Biology." PLOS ONE 14 (8): e0220900.
https://doi.org/10.1371/journal.pone.0220900.



