
The Evidence About Teaching 
 
Over the past 15 to 20 years, well-controlled studies of teaching practices, as well as 
advancements in cognitive science, have significantly changed our understanding of 
how students (and really, all people) learn. Here is a short list of findings about 
learning for which the evidence is the strongest, along with selected references 
for each, listed below. 
 
1. Students who work with/use/apply the information they are learning, especially 
during class time, learn more (1,2,3,16,18,24,25,27). This is the single best-
supported piece of knowledge we have about learning. 
 
2. Students who are given frequent feedback on their understanding, either through 
more frequent exams or quizzes, or other methods (examples: “clicker” questions, 
asking conceptual questions in class for students or student teams to answer, the 
Minute Paper) can learn more during a semester (9,21,26,35).  
 
3. When students work together in teams to answer questions or solve problems 
given to them in class or outside of class (4,6,10,22,23,28,29,34,36), they learn more. 
(This seems be to be because students have to “try out” their explanations and 
understanding in a group, allowing them to get valuable feedback about their 
learning; additionally, our “expert blind spot” often prevents us from giving non-
experts the best explanations of concepts we understand well but they do not, and 
peers can help bridge this gap). 
 
4. Students who are given specific learning goals, written in terms what they should 
“Be Able to Do,” can learn both more and (if goals are complex) more deeply than 
otherwise. Goals that a) emphasize conceptual understanding over pure 
memorization and b) include some higher-level skills like application, each increase 
the length of time students can remember and use concepts (11,12, 13,15,20,30,31, 
32). Student learning of goals is dependent upon the exam being based on them. 
 
5. When students are expected to come to class having already learned some basic 
information (6,7,16,17,39, 40,41), enforced by a short quiz or homework 
assignment, they learn more, partly because they are forced to study earlier and 
more often, and partly because class time can now be spent on more complex and 
difficult questions or topics. 
 
6. When students are asked to explain concepts on exams (in part), in writing or 
orally, instead of answering only multiple choice questions, they study using more 
big-picture, deep methods, learn more, and retain the information for a longer time 
(5,14,19).  
 
7. Students perform better on exams if they are explicitly taught to study more 
deeply (8,33,37,38). 

http://provost.tufts.edu/celt/files/MinutePaper.pdf


To Learn More: 
Visit these websites: 
 
Carl Weimann’s Science Education Initiative: http://www.cwsei.ubc.ca 
 
Richard Felder’s Resources in Science Education site: 
http://www4.ncsu.edu/unity/lockers/users/f/felder/public/ 
  
Jim Sibley’s Team-Based Learning site: http://learntbl.ca 
 
Cognitive Psychologist Stephen Chew’s videos that can help students study more 
deeply: https://www.youtube.com/watch?v=RH95h36NChI&t=1s 
 
Read These Books: 
 
What Is the Evidence About Teaching University Science? 
Teaching Undergraduate Science by Linda C. Hodges 
Teaching and Learning STEM: A Practical Guide by R. Felder and R. Brent 
How Learning Works: Seven Research-Based Principles for Teaching by S. Ambrose 
 
Designing Your Class:   
Understanding By Design by G. Wiggins and J.McTighe 
Creating Significant Learning Experiences by D. Fink 
 
Assessing Student Understanding During Class Time:  
Classroom Assessment Techniques by T. Angelo and K.P. Cross 
Collaborative Learning Techniques by E. Barkley and C. Major 
Student Engagement Techniques by E. Barkley 
 
Motivating Students:  
Creating Self-Regulated Learners by L. Nilson 
Learner-Centered Teaching by M. Weimer 
 
Watch these videos of teaching workshops: 
https://www.youtube.com/watch?v=1wxRqyoeKuA (Evidence-Based Teaching) 
https://www.youtube.com/watch?v=1YgvD4iEvqI (Motivating Students) 
https://www.youtube.com/watch?v=NQIQL-830OU (But What about the Content?) 
https://www.youtube.com/watch?v=dEvbntzfAoM(Outcomes-Based Course 
Design) 
http://www.medicalmedia.eu/cs/Detail/1383 (Assessing your Teaching) 
http://www.medicalmedia.eu/cs/Detail/1275 (Preparing a Good Exam) 
http://www.medicalmedia.eu/en/Detail/1396/1277(Curriculum Reform in 
Medical Education) 
http://www.medicalmedia.eu/cs/Detail/1459 (Team-Based Learning) 
 
Contact me: leupen@umbc.edu 

http://www.cwsei.ubc.ca/
http://www4.ncsu.edu/unity/lockers/users/f/felder/public/
http://learntbl.ca/
https://www.youtube.com/watch?v=RH95h36NChI&t=1s
https://www.youtube.com/watch?v=1wxRqyoeKuA
https://www.youtube.com/watch?v=1YgvD4iEvqI
https://www.youtube.com/watch?v=NQIQL-830OU
https://www.youtube.com/watch?v=dEvbntzfAoM
http://www.medicalmedia.eu/cs/Detail/1383
http://www.medicalmedia.eu/cs/Detail/1275
http://www.medicalmedia.eu/en/Detail/1396/1277
http://www.medicalmedia.eu/cs/Detail/1459
mailto:leupen@umbc.edu


References 
1. Hake R. Interactive Engagement versus Traditional Methods. Am. J. Physics 66: 64 (1998). 
2. Deslauriers et al. Improved Learning in a Large-Enrollment Physics Class. Science 332:862 

(2011). 
3. Freeman et al. Active Learning Increases Student Performance in Science, Engineering, and 

Mathematics. Proc. Nat. Acad. Sci. 111:8410-8415 (2014). 
4. Smith et al. Why Peer Discussion Improves Student Performance on In-Class Concept 

Questions. Science 323:122-124 (2009) 
5. Nestojko et al.  Expecting to Teach Enhances Learning and Organization of Knowledge in 

Free Recall of Text Passages. Mem Cogn 21 May (2014). 
6. K. Nanes, A modified approach to team-based learning in linear algebra courses. Intl. Journal 

of Math. Ed.  DOI: 10.1080/0020739X.2014.920558 (2014).  
7. Gross et al.  Increased Preclass Preparation Underlies Student Outcome Improvement in the 

Flipped Classroom. CBE Life Sciences Education 14(4) (2015). 
8. Zhao et al. Metacognition: An Effective Tool to Promote Success in College Science Learning. 

Journal of College Science Teaching 43(4):48-54 (2013). 
9. Roedinger and Butler, The Critical Role of Retrieval Practice in Long-Term Memory. Trends 

in Cognitive Science 15:20-27 (2011). 
10. L. Springer et al. Effects of Small-Group Learning on Undergraduates in Science, 

Mathematics, Engineering and Technology: A Meta-Analysis. Review of Educational Research 
69(1)21-51 (1999). 

11. Momsen et al. Using Assessments to Investigate and Compare the Nature of Learning in 
Undergraduate Science Courses. CBE Life Sciences Education 12: 239–249 (2013).  

12. Momsen et al. Just the Facts? Introductory Undergraduate Biology Courses Focus on Low-
Level Cognitive Skills. CBE Life Sciences Education 9:435-440 (2010). 

13.  Gray et al. Students Know What Physicists Believe, But They Don’t Agree. Physics Ed. Res. 
(4)2 (2008). 

14. Stanger-Hall K. Multiple-Choice Exams: An Obstacle for Higher-Level Thinking in 
Introductory Science Classes. CBE Life Sciences Education 11:294-306 (2012). 

15. Nelson C. Dysfunctional Illusions of Rigor: Lessons from the Scholarship of Teaching and 
Learning, in To Improve the Academy: Resources for Faculty, Instructional, and 
Organizational Development, Volume 28, ed. Linda B. Nilson (2010). 

16. Tune et al. Flipped Classroom Model Improves Graduate Student Performance in 
Cardiovascular, Respiratory and Renal Physiology. Advances in Physiology Education 37:316-
320 (2013). 

17. Moravec et al. Learn Before Lecture: A Strategy That Improves Learning Outcomes in a Large 
Introductory Biology Class. CBE Life Sciences Education 9:473-481 (2010). 

18. Van Sickle Discrepancies between Student Perception and Achievement of Learning 
Outcomes in a Flipped Classroom. Journal of the Scholarship of Teaching and Learning, 
16(2)29-38 (2016). 

19. Kibble J.D. Best Practices in Summative Assessment. Advances in Physiology Education 
41(1):110-119 (2017). 

20. Swanson D. and Case S., Assessment in Basic Science Instruction: Directions for Practice and 
Research. Adv. Health Sciences Ed. 2: 71-84 (1997). 

21. Karpicke J.D., Retrieval-based Learning: Active Retrieval Promotes Meaningful Learning. 
Curr. Dir. Psych. Sci. 21(3):157-163 (2012). 

22. Koles et al. The Impact of Team-Based Learning On Medical Students’ Academic 
Performance. Acad Med. 85(11):1739-45 (2010). 

23. Fatmi et al. The effectiveness of team-based learning on learning outcomes in health 
professions education. Medical Teacher 35:1608-1624 (2013). 

24. Zhang et al. Peer Instruction in Introductory Physics: A Method to Bring About Positive 
Changes in Students’ Attitudes and Beliefs. Physical Review Physics Education Research, 
13.010104 (2017).  

http://www.pnas.org/content/early/2014/05/08/1319030111.full.pdf+html
http://www.pnas.org/content/early/2014/05/08/1319030111.full.pdf+html


25. Connell et al. Increasing the Use of Student-Centered Pedagogies from Moderate to High 
Improves Student Learning and Attitudes about Biology. CBE—Life Sciences Education, 
DOI:10.1187/cbe.15-03-0062 (2016). 

26. Karpicke J.D. and Blunt J.R. Retrieval Practice Produces More Learning than Elaborative 
Studying with Concept Mapping. Science 331(6018):772-775 (2011). 

27. Michael J. Where’s the evidence that active learning works? Adv Physiol Educ 30:159–167 
(2006).  

28. Huitt et al. TBL Team-Based Learning in the Gross Anatomy Laboratory Improves Academic 
Performance and Students’ Attitudes Toward Teamwork. Anat. Sci. Ed. 8(2):95-103 (2015). 

29. Tan et al. A controlled study of team-based learning for undergraduate clinical neurology 
education. BMC Med Educ 11:91 (2011). 

30. McDonnell et al. Concepts First, Jargon Second Improves Student Articulation of 
Understanding. Biochemistry and Molecular Biology Education 44(1):12-19, 2016. 

31. Crowe et al. Biology in Bloom: Implementing Bloom’s Taxonomy to Enhance Student 
Learning in Biology. CBE Life Sciences Education 7:368-381 (2008).  

32. Whetten D. Principles of Effective Course Design. J. Manag. Ed. 31(3)339-357 (2007). 
33.  Smith  et al. Students’ Comprehension of Science Textbooks Using a Question-Based Reading 

Strategy. J. Res. Sci. Teach. 47(4)363-379.  
34. Linton et al. Is Peer Interaction Necessary for Optimal Active Learning? CBE Life Sciences Ed. 

13:243-242 (2014). 
35. Arnold, K.M. and McDermott, K.B. Test-potentiated learning: Distinguishing between direct 

and indirect effects of tests. Journal  of Experimental Psychology: Learning, Memory, and 
Cognition, 39:940–945 (2013). 

36. Bowen C.W. A Quantitative Literature Review of Cooperative Learning Effects on High School 
and College Chemistry Achievement. J. Chem Ed. 77:116-119 (2000).  

37. Cook E. et al. Effect of Teaching Metacognitive Learning Strategies on Performance in 
General Chemistry Courses. J. Chem Ed. 90(8):961-67 (2013).  

38. Dunlosky et al. Imrproving Students’ Learning with Effective Learning Techniques. Psych. Sci. 
Pub. Int. 14(1)4-58 (2013). 

39. Heiner et al. Preparing students for class: How to get 80% of students reading the textbook 
before class. American Journal of Physics, 82, 989–996 (2014). 

40. Hodges L. et al. Using Reading Quizzes in STEM Classes—The What, Why, and How. J. Coll. 
Sci. Teach. 45(1):49-55 (2015). 

41. Vasan et al. Team-based learning in anatomy: An efficient, effective, and economical strategy. 
Anat. Sci. Ed. 4(6):333-339 (2011). 

 

 

http://www.sciencemag.org/content/331/6018/772.full
http://www.sciencemag.org/content/331/6018/772.full
http://www.biomedcentral.com/content/pdf/1472-6920-11-91.pdf
http://www.biomedcentral.com/content/pdf/1472-6920-11-91.pdf

