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I have worked for all of these 
individuals except . . . 



Translational Research

Translating basic research into tools and 
interventions that can be used to improve 
teaching and learning.



Three Examples of Translational Research 

Test Anxiety

Test-Enhanced Learning (AKA Retrieval Practice)



J D Karpicke & J R Blunt Science 2011; 331:772-775



Translational research on retrieval practice



Three Examples of Translational Research 

Test Anxiety

Test-Enhanced Learning

Poor Metacognition





Students’ perceived vs. actual test performance

Kruger, J. & Dunning, D. (1999). Unskilled and unaware of it: How difficulties in recognizing one's own 
incompetence lead to inflated self-assessments. Journal of Personality and Social Psychology. 77(6), 1121-1134.



Translational Research
(about learning)



Innovative Best Practices for 
Transformative Learning

TED Talks Active learning Service learning Problem-based learning

Group learning Mentoring Cooperative learning Discovery learning

Inductive learning Learning by example Inter-teaching Project-based learning 

Flipped class Curriculum Centered On-line teaching Clickers

PowerPoint Concept grids Team-based learning Teachable moments

Universal design of instruction Competency-based Multiple Intelligences Kolb’s learning styles

Journaling Reflective practice Reciprocal teaching Decoding the disciplines

Concept maps Question generation Peer-led team learning Laboratory-based instruction

Video clips Role playing Modeling Programmed instruction

Mastery learning Reacting to the past Guided practice Collaborative learning

Apprenticeship Situated learning Authentic assessment Formative assessment

Classroom assessment techniques High impact practices Class discussion Small group discussion

Think-pair-share Peer instruction ConcepTests Panel of experts

Brainstorming Case-based learning Worksheets Guest speakers 

Structured controversy Jeopardy Portfolios Personalized learning

Flashcards Research papers Interviewing Lecture with discussion

Oral reports Study abroad Mock convention Textbook assignments

Just-in-time teaching Jigsaw method Wikis Team teaching

Socratic method Modules Podcasts Internships or practicums

Writing Across the Curriculum Web enhanced Independent research Independent study or tutorials

Undergraduate research Reaction papers Reflection papers Brain-based education

Student teaching MOOCs Observation Immersion learning

Calibrated peer review Process Oriented Guided 
Inquiry Learning POGIL

Self-paced instruction Learning Communities

Adapted from Chew, S. (2018)



Books About Teaching



Part 2
How to improve learning from lectures

Lecture vs. Active Learning



Active learning increases student performance in
science, engineering, and mathematics
Scott Freemana,1, Sarah L. Eddya, Miles McDonougha, Michelle K. Smithb, Nnadozie Okoroafora, Hannah Jordta,
and Mary Pat Wenderotha

aDepartment of Biology, University of Washington, Seattle, WA 98195; and bSchool of Biology and Ecology, University of Maine, Orono, ME 04469

Edited* by Bruce Alberts, University of California, San Francisco, CA, and approved April 15, 2014 (received for review October 8, 2013)

To test the hypothesis that lecturing maximizes learning and
course performance, we metaanalyzed 225 studies that reported
data on examination scores or failure rates when comparing student
performance in undergraduate science, technology, engineer-
ing, and mathematics (STEM) courses under traditional lecturing
versus active learning. The effect sizes indicate that on average,
student performance on examinations and concept inventories in-
creased by 0.47 SDs under active learning (n = 158 studies), and
that the odds ratio for failing was 1.95 under traditional lecturing
(n = 67 studies). These results indicate that average examination
scores improved by about 6% in active learning sections, and that
students in classes with traditional lecturing were 1.5 times more
likely to fail than were students in classes with active learning.
Heterogeneity analyses indicated that both results hold across
the STEM disciplines, that active learning increases scores on con-
cept inventories more than on course examinations, and that ac-
tive learning appears effective across all class sizes—although the
greatest effects are in small (n ≤ 50) classes. Trim and fill analyses
and fail-safe n calculations suggest that the results are not due to
publication bias. The results also appear robust to variation in the
methodological rigor of the included studies, based on the quality
of controls over student quality and instructor identity. This is the
largest and most comprehensive metaanalysis of undergraduate
STEM education published to date. The results raise questions about
the continued use of traditional lecturing as a control in research
studies, and support active learning as the preferred, empirically
validated teaching practice in regular classrooms.

constructivism | undergraduate education | evidence-based teaching |
scientific teaching

Lecturing has been the predominant mode of instruction since
universities were founded in Western Europe over 900 y ago

(1). Although theories of learning that emphasize the need for
students to construct their own understanding have challenged
the theoretical underpinnings of the traditional, instructor-
focused, “teaching by telling” approach (2, 3), to date there has
been no quantitative analysis of how constructivist versus expo-
sition-centered methods impact student performance in un-
dergraduate courses across the science, technology, engineering,
and mathematics (STEM) disciplines. In the STEM classroom,
should we ask or should we tell?
Addressing this question is essential if scientists are committed

to teaching based on evidence rather than tradition (4). The
answer could also be part of a solution to the “pipeline problem”
that some countries are experiencing in STEM education: For
example, the observation that less than 40% of US students who
enter university with an interest in STEM, and just 20% of
STEM-interested underrepresented minority students, finish with
a STEM degree (5).
To test the efficacy of constructivist versus exposition-centered

course designs, we focused on the design of class sessions—as
opposed to laboratories, homework assignments, or other exer-
cises. More specifically, we compared the results of experiments
that documented student performance in courses with at least
some active learning versus traditional lecturing, by metaanalyzing

225 studies in the published and unpublished literature. The active
learning interventions varied widely in intensity and implementa-
tion, and included approaches as diverse as occasional group
problem-solving, worksheets or tutorials completed during class,
use of personal response systems with or without peer instruction,
and studio or workshop course designs. We followed guidelines for
best practice in quantitative reviews (SI Materials and Methods),
and evaluated student performance using two outcome variables:
(i) scores on identical or formally equivalent examinations, concept
inventories, or other assessments; or (ii) failure rates, usually
measured as the percentage of students receiving a D or F grade
or withdrawing from the course in question (DFW rate).
The analysis, then, focused on two related questions. Does ac-

tive learning boost examination scores? Does it lower failure rates?

Results
The overall mean effect size for performance on identical or
equivalent examinations, concept inventories, and other assess-
ments was a weighted standardized mean difference of 0.47 (Z =
9.781, P << 0.001)—meaning that on average, student perfor-
mance increased by just under half a SD with active learning
compared with lecturing. The overall mean effect size for failure
rate was an odds ratio of 1.95 (Z = 10.4, P << 0.001). This odds
ratio is equivalent to a risk ratio of 1.5, meaning that on average,
students in traditional lecture courses are 1.5 times more likely to
fail than students in courses with active learning. Average failure
rates were 21.8% under active learning but 33.8% under tradi-
tional lecturing—a difference that represents a 55% increase
(Fig. 1 and Fig. S1).

Significance

The President’s Council of Advisors on Science and Technology
has called for a 33% increase in the number of science, tech-
nology, engineering, and mathematics (STEM) bachelor’s degrees
completed per year and recommended adoption of empirically
validated teaching practices as critical to achieving that goal. The
studies analyzed here document that active learning leads to
increases in examination performance that would raise average
grades by a half a letter, and that failure rates under traditional
lecturing increase by 55% over the rates observed under active
learning. The analysis supports theory claiming that calls to in-
crease the number of students receiving STEM degrees could be
answered, at least in part, by abandoning traditional lecturing in
favor of active learning.
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Learning from lectures is limited when 

§ Students lack the prior knowledge needed to 
benefit from the lecture

§ Students experience cognitive overload during 
lecture

§ Students do not engage in deep learning 
processes during lecture

§ After class students do not elaborate and 
consolidate what they started to learn during 
lecture 

Cerbin, W. (2018). Teacher ready research review: Improving student learning from lectures. Scholarship of 
Teaching and Learning in Psychology, 4, 151-163. http://dx.doi.org/10.1037/stl0000113

http://dx.doi.org/10.1037/stl0000113


Why Take Learning Seriously?

Without deep understanding of how 
learning works, how can teachers 
make informed decisions to best 
support student learning?



Taking Learning Seriously

Another resource is this newly emerging website 

https://takinglearningseriously.com

https://takinglearningseriously.com/




Cognitive Factors that Influence Learning

§ Prior knowledge
§ Selective attention
§ Constraints on working memory
§ Metacognition and self-regulation
§ Transfer of learning
§ Misconceptions 
§ Learning strategies 
§ Mental mind-set
§ Anxiety, fear and mistrust
§ Cognitive biases
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