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Flexible and Flipped Delivery Modules for First-Year Chemistry

Tamara K. Freeman, W. Stephen McNzeil, Irving K. Barber Faculty of Science, Department of Chemistry

Where should a curved arrow start and finish to represent the reaction
between formic acid and dimethyl amine?

RatiOnale and Goals 90% of first-year chemistry

intro
chemistry

Impacts on Student Attitudes

e 99% of students believe chemistry improves their lives

students do not pursue a
degree in the chemical sciences

200-level CHEM

CHEM / BIOC majors As a result of the context study activities, my views of the impacts of chemistry on...

CHEM / BIOC grads :
7 5 0 3 30 120 75 quality of life are less i X more favourable -
health and well-being are less ¢ 0 X more favourable
Attrition of students in chemical sciences at UBC Okanagan the environment are less 6 % more favourable Sample interactive question and images from flipped module instructional videos
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An introductory chemistry course should: | believe that overall, discoveries and advances in chemistry...

» teach a last chemistry course, not a first one - | o glucose |
impair ¢ X improve quality of life HO o o
* prepare scientifically-informed, critically-thinking citizens _ . . OH
impair 0 X improve health and well-being oH oH
° -: ° ° ° [1] HO
» explain relevance of chemistry to global and societal issues ente y solve environmental problems HO
inulin

Impacts on Curriculum

Impacts on Teaching Practice

* revised objectives / concepts / topics for CHEM 113/123 . . . fructoses
o o | | o » developed 17 large-class active- and peer-learning activity , , . , , ,
» explicit cognitive and affective learning objectives nodules in different formats3] Context study exploring chemistry of regional Indigenous pit-cooking of balsamroot
« thematic context of UN Sustainable Development Goals!? T | . 5 100 Active learning: = 100 How interesting?
* guided inquiry modules: foundational concepts students S howoften? S % 8 extremely
1 P W always 2 Overy
o ° way = ver
|mpact5 on Student Learn|ng develop and apply themselves with scaffolding, S aueyotten 3 o a motersely
. L . . in cycles of exploration, invention, applicationt4 z e B Bnor st al
* learning activities used with > 10000 students since W2016 =Y PP . s Brarely 2 o - O dortt remember
o * flipped classroom modules: challenging concepts in introduced £ B never e
* 2015 - 2019 success rates +23% overal, in interactive video, then students apply / develop in class!>] : = - -
: , X0 0
+34% among CHEM 11X students (with CHEM 11 entry) ) I I LA SEIEESEs
. . . 0 es: iIcation of multi r n C S % Sy 8N F ES Studentinterest in
* student perceptions of conceptual learning highly favourable tcon?eXt Sftu Ie.sta|p5) Cat. o : ;[/p §°C|Ou 'Se |C°O Ceptts ° Perceived frequency of active learning S O thematic contexts
. OPICS OT SOCIeld environmentd 1010L2ICal IMmpoOortance s § & ° ﬁj
for all activity module formats P p & P activities in first-year courses & “"5 is very high
Completion rates of first-year chemistry student cohorts Le Chatelier principle
) ) thermochemistry
100 122 | BCHEM 11X B CHEM 12X gas pressures / concentration hybrid orbitals A Hess’ Law pK, / acid-base reactions 0 OUtcomes a nd FUtu re Work
78 79 79 81 spectroscopy ring strain bond strengths nucleophiles / electrophiles ] ) 26 .
80 1 70 72 80 1 73 /> Lewis structures / resonance bond polarity reaction mechanisms curved arrow notation ¢ 2 pUthathnS[ 6] dnC >4O COnference presentathnS /
b 64 o 70 - o6 57 57 bond strengths Intermolecular forces catalysts S\2 reactions . . .
® 60 - e M . s \ J\. / / workshops, 4 further publications forthcoming
8 40 5 0 penicillin_ nitrogen cycle DNA MTase » 17 large-class active-learning activities redesigned as OER,
5 5 30 | | — released to UBC OER, OER Commons, MERLOT, National
20 - 20 - ___- . . .
10 - Center for Case Study Teaching in Science
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Course topics applied in context study activities with applications to UN SDGs

 H5P interactivity in instructional videos improves student
cognitive learning and engagement

 affective learning outcomes support highly positive student

flipped class videos | - o views toward societal impacts of chemistry
Juided inquiry | I e References / Bibl 0gra phy * dramatic improvement in student completion rates
n-class clickerQs I T [1] The Chemical Element: Chemistry's Contribution to Our Global Future; Garcia-Martinez, J., Serrano-Torregrosa, E., Eds.; Wiley-VCH: 2011. [2] Petillion, R. J.; Freeman,
T. K.; McNeil, W. S. The United Nations Sustainable Development Goals as a Thematic Framework for an Introductory Chemistry Curriculum. J. Chem. Educ. 2019, 96,
two-stage exams l _ Il not at all helpful 2845-2851. [3] Freeman, S. et al. Active learning increases student performance in science, engineering, and mathematics. Proc. Nat. Acad. Sci. 2014, 111, 8410-8415.
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Responses (N= 497) to prompt “Rate how you believe [specified set of course
activities] has helped you to understand and apply the concepts in this course”
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