Journal of Postdoctoral Research
www.postdocjournal.com

PostDoc Journal
Vol. 4, No. 7, July 2016

On the path of scientific teaching.
Justin Fendos™?
1. Tan School of Genetics, Fudan University, Shanghai, China 508915
2. Department of Life Sciences, Dongseo University, Busan, South Korea 617716
Email: jfendos@aya.yale.edu

Abstract :

The treatment of pedagogy as a scientific subject, a process known as scientific teaching', has been
ongoing for over a decade now?®** particularly in higher education STEM fields. The Howard Hughes
Medical Institute (HHMI) has been at the forefront of this effort>®, investing over $100 million in a wide
variety of educational initiatives’ targeted across a diverse array of students, primarily at the university
level®®. Although the range of progress has been substantial®'!, much work remains to be done. This
review, though not exhaustive, will attempt to summarize some of the important advancements made thus

far while also offering commentary on current and future challenges.
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The Road Traveled.

The fact that lectures are not a particularly useful
medium for learning’?** ™ is often credited to
the work of Donald Bligh in the 1980s'®. As can be
imagined, this discovery was greeted with varying
degrees of skepticism®’ since lectures were (and,
in most countries, remain) the near universal
medium for classroom learning™® *°. Since the
1990s, a wide range of international research has
confirmed lectures are indeed a poor medium for
the long-term retention of information®® ! ?*2*2*
> Perhaps even more important is the fact
lectures are an ineffective way for students to
acquire new skills*®?” %, a pedagogical result of
particular importance for STEM and other applied
fields, where lab and process skills* >332 (skills
required to perform a physical or intellectual
procedure) are often more important than
content knowledge (facts, concepts, vocabulary,
etc.). Add to this the fact content knowledge is
now exceedingly easy to access across the
internet®2*3** and one can come to appreciate
how modern education (of STEM fields, in
particular) has quietly undergone a shift in
emphasis away from content acquisition towards
more skill development®” *.

The year 2004 is often regarded as the seminal
moment for scientific teaching, the year in which
Jo Handelsman and colleagues published their
Science paper® outlining the need for a more
rigorous approach to pedagogy, one steeped in
the empirical verification of the effectiveness of

both teaching technique and curricula. This
moment coincided with the involvement of HHMI
and the US National Academies of Sciences in
supporting the expansion of scientific teaching®.
Functionally, scientific teaching is the process of
performing experiments on pedagogy to
determine its effectiveness in improving learning
gains3 % These gains may involve improvements
in knowledge retention” *>'°?°, skill competence®
2627 or even attitudes towards a topic*’. Over the
last decade, a large volume of these experiments
have been performed on virtually all aspects of
teaching and learning: discovery-based inquiry®
" group discussion formats* ** %% the use
of technology in learning® *° *°, techniques for
reading primary literature®® *>, and even the
development of more diverse class access™.
These efforts have begun to demonstrate large-
scale improvements in both learning gains and
student outcome across large tracts of STEM
education, as best exemplified in the recent work
by Freeman and colleagues.

Of the many content knowledge delivery formats
tested over the years, one has emerged as a clear
winner for STEM fields. This format is called
active learning™ >, often incorrectly referred to
simplistically as "reversed design" or "flipping the
classroom"*°>” 8% Both of these latter concepts
refer, in fact, to a single component of the overall
active learning approach. Active learning at its
core is a reorientation of in-class activities to
facilitate and enhance student interaction so
more class time is spent with students giving and
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receiving feedback from both instructors and
student peers® %2, This enhanced interaction is
often achieved by implementing controlled
problem-solving  activities. As has been
demonstrated by a variety of international
research, this reorientation results in substantial
learning gains compared to lectures® ° '* as well
as improvements in student grades'* 202426404263
retention®® % and interest®” %, It is, in fact, very
normal for every student to stay awake
throughout the entirety of a properly built active
learning class, something that can not be said for
the average lecture.

In addition to improvements in the format of
content delivery, another important
advancement has been the development of a
wide range of standardized assessment tools for
quantifying various class elements® " ’*. Tools
have been developed to quantify everything from
knowledge retention’”> > 7* 7 and skill
competence’®’’ 7879808182 +4 stydent attitudes®®*
# and group-work dynamics®®' #% In fact, the
explosion of variety and specificity of empirically
tested and verified education assessment tools
has thus far been one of the greatest
achievements of the scientific teaching
movement, offering an ever widening range of
instruments for use® "%,

For STEM fields, undergraduate classes are
traditionally separated into two formats: lectures
and lab. From a scientific teaching perspective,
these two are often reclassified as “content
classes” and “skill classes”, based on the intended
learning goals. Although the format of active
learning is fairly well established now for
achieving most content-based learning goals®, its
efficacy for skill learning is still actively being
developed® > ®®. The main reason for this is the
greater complexity and variety of skills in various
academic settings and topic areas. The skill of
learning how to design good experiments is, for
example, decidedly different from solving a
Mendelian genetics problem on paper. Although
we often refer to skills such as "data analysis",
"experimental design", or the ability to perform a
PCR (polymerase chain reaction) as if they are
single, isolated units, the truth is they are often
quite complex, involving numerous steps and
multiple possible variations based on available
information or equipment. This makes skill
learning a lot different from content learning,
both in its delivery and assessment.
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In recognition of this difference, a number of
universities, most notably Stanford®’, have begun
developing new education platforms for teaching
lab skills. One of the more successful has been
the development of authentic research
experiences (AREs)” # # % |ab courses
structured around authentic research in which
students are given the opportunity to perform
real research. This is in stark contrast to the
typical cookbook lab course® in which a student
is often simply asked to follow established
procedures in yielding a known result. The added
authenticity of AREs serves two purposes: 1)
stimulate student interest and engagement while
2) giving students the opportunity to practice the
common skills involved in authentic research,
skills  such as experimental design and
troubleshooting. To emphasize these latter
science process skills, students are often given
the chance to design their own experiments and
devise their own hypotheses, allowing a fuller
and deeper scientific experience.

Another important advantage of AREs comes
from the ability to directly train students in
specific project areas that might already be in
demand by faculty looking for students to join
their research group. At Fudan University, we
have recently begun operating a large-scale
summer ARE program called BIOS, a program
containing six topic tracks: cell biology,
biochemistry, plant biology, fish genetics, mouse
genetics, and fly genetics®. The experiments
performed and learned in each track are created
from existing authentic research projects in
various labs and participating students are
trained in two areas of their choice, learning a
wide range of skills so they acquire full
competence upon exit, putting them in a
qualified position to join the parent labs of their
selected tracks. In this fashion, ARE programs can
be coordinated with real research groups to be
used as organized conduits to prepare students
for entry.

Under Our Feet.

There is still much work to be done in fully
developing the scope and potential of scientific
teaching. The first and most important is
increasing the awareness that lectures are not an
effective mode of instruction, to be used
sparingly or replaced with alternative forms of
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pedagogy such as active learning®. Despite the
large amounts of money spent by HHMI and
direct advocating by the US National Academies
of Science, scientific teaching has, overall, proved
to be a hard sell, even in STEM fields®. Faculty,
the vast majority of whom have relied heavily on
lectures their entire academic careers™, have
largely been reluctant to change their teaching
practices.  Younger  faculty, postdoctoral
associates, and graduate students have generally
been observed to be more receptive,'® but even
these have required organized and concerted
efforts to prepare. The simple truth is the vast
majority of teachers (postsecondary and
otherwise) are either unaware of scientific
teaching and its associated principles or reluctant
to adopt them™.

For universities, this issue of awareness often
goes hand in hand with the structure and design
of faculty recruitment. In the vast majority of
cases, hiring protocols place heavy emphasis on
research, leaving teaching as a distant, secondary
concern'®. This is despite the fact the majority of
faculty salaries are actually budgeted from
income derived from student tuition. Promotion
and compensation for faculty is similarly directed
towards research, especially in STEM fields'®.
Since teaching in a scientific teaching or active
learning style also requires significantly more
preparation than a lecture'® the lack of
incentive has also been repeatedly identified as a
serious deterrent in enacting reforms. To this
end, HHMI began sponsoring the "Summer
Institutes on Undergraduate Education"®, a
regional series of conferences designed to
educate faculty on the advantages and process
involved in properly implementing scientific
teaching and active learning systems.

Another important deterrent in enacting wider
education reform has been the graduate student
and postdoctoral training process itself"® '%. In
the sciences, virtually all training is focused
directly on research and the ultimate creation of
SCI publications. Although the typical science PhD
program does require candidates to undergo two
or more semesters of teaching1°7, most schools
have no organized curriculum for training
students in scientific teaching or active learning.
This lack, has, over the years, resulted in a global
faculty population poorly versed in the mechanics
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of effective
advancements.

pedagogy  despite  recent

This result is even more pronounced outside of
the United States. Although a large number of
top universities in the US have recently begun
actively pursuing scientific teaching by either
hiring teaching professors to take over targeted
areas of curriculum or establishing training
programs for graduate students, postdoctoral
associates, and/or faculty, other countries have
largely been oblivious to this change. Since what |
know of the European situation is largely
anecdotal, | will restrict my commentary to the
situation in Asia.

Despite the fact China, Japan, South Korea, Hong
Kong, and Singapore are well known for prowess
in the sciences, an awareness of scientific
teaching and active learning has only just begun
to appear. As far as | am aware, the programs |
have developed at Fudan University in Shanghai
and Dongseo University in South Korea are the
only two properly-assessed scientific teaching
systems in East Asia, systems that would meet
basic quality standards promoted by HHMI and
the US National Academies of Science. In Korea, |
have conducted a number of surveys (yet
unpublished) showing that some general
awareness of the concepts of "reversed design"
and "flipped classroom" have appeared among
faculty in the last three vyears. Despite this
awareness, every specific class design | have
encountered has suffered from serious flaws, the
most common being either the lack of proper
assessment or an overall lack of understanding of
how active learning mechanics work. In many
cases, professors seemed to be under the
misconception that flipping the class alone was a
magic bullet that would solve education
problems and automatically give learning gains.

In China, education reform in our hands has been
stymied by the centralized codification of most
class content into a lecture-based format, often
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with lists of topics that must be covered. A rigid
administrative procedure accompanies this
codification, making it challenging (but not
impossible) to create alternative classes with
different formats and content. Compared to
Korea, awareness of active learning and scientific
teaching is even less but since most universities
in China have traditionally already enjoyed some
separation of research and teaching faculty
(particularly in STEM lab courses), | would say
there is much more interest in China to learn new
teaching systems. So far, the wider emphasis on
education reform in China has been based on a
big data approach, using student inventories of
various sorts to correlate learning outcomes'®'*
MO This is in contrast to the construction of
concrete educational experiments driven by
scientific teaching principles.

The Road Ahead.

In addition to fostering a deeper understanding
and appreciation for active learning and scientific
teaching, both domestically and abroad, three
other important challenges lay on the road
ahead. The first, as mentioned above, is the issue
of graduate student and postdoctoral training. As
individuals responsible for the future of our
education system, it is critical these trainees are
exposed to the principles and mechanics of active
learning and scientific teaching as early as
possible. Ideally, this exposure would be
paralleled with an organized system of
mentorship in which the trainees are allowed to
apply and practice such systems in the classes
they serve as teaching assistants. A number of
institutions including Yale and the University of
Chicago have created similar infrastructure but,
thus far, participation has been voluntary, leaving
much to be desired.

The second issue is incentivization. As mentioned
above, converting skeptical faculty to alternative
systems of pedagogy is challenging, especially
when these faculty are predominantly hired for
their research. As | have observed repeatedly
during my time at Yale, the University of
Minnesota, and in Asia, even faculty who
recognize the advantages of active learning and
scientific teaching are often reluctant to put in
the additional work to convert their teaching into
styles less oriented around lecture. For these
faculty, monetary incentives are only occasionally
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motivating. Many institutions, such as University
of Minnesota, have sidestepped this difficulty by
creating a corps of professional teaching faculty
responsible for lower-level core courses'??,
relieving research faculty of the burden entirely.
Although no one will argue with the effectiveness
of this strategy, not every institution has the
luxury to implement such an expansion. An
alternative incentive for faculty is the prospect of
manufacturing high-quality education
publications. The problem with this goal is that it
usually requires additional mentorship and
experience, something most faculty do not have
access to. At Fudan, one of the elements of the
overall education reform program | have created
includes this access, providing faculty with the
support and tools to approach teaching as a
research subject, one focused on the eventual
publication of meaningful education data.

The final challenge, which | have made a point to
embrace in recent years, is the transfer of active
learning and scientific teaching systems to
academic subjects outside the STEM fields. At
Dongseo University, | currently run three pilot
courses, one each in history, ESL (English as a
Second Language), and science for non-majors,
all built on active learning and scientific teaching
designs. In each of these courses, we have
observed substantial improvements in learning
gains compared to lectures (not yet published),
providing strong evidence that these systems are
applicable across a wide range of academic
subjects, albeit with some topic-specific
behaviors we did not anticipate and are
continuing to learn about. We expect the results
from our work and that of others to soon
permeate the educational literature,
demonstrating the wide applicability of active
learning and scientific teaching across disciplines.

References

1. Handelsman, Jo, Diane Ebert-May, Robert
Beichner, Peter Bruns, Amy Chang, Robert
DeHaan, Jim Gentile et al. "Scientific teaching."
Science 304, no. 5670 (2004): 521-522.
http://dx.doi.org/10.1126/science.1096022
PMid:15105480

2. Ebert-May, Diane, Carol Brewer, and Sylvester
Allred. "Innovation in large lectures: Teaching for
active learning." Bioscience 47, no. 9 (1997): 601-
607. http://dx.doi.org/10.2307/1313166


http://dx.doi.org/10.1126/science.1096022
http://dx.doi.org/10.2307/1313166

Justin Fendos

3. Miller, Sarah, Christine Pfund, Christine Maidl
Pribbenow, and Jo Handelsman. "Scientific
teaching in practice." Science 322, no. 5906
(2008): 1329-1330.
http://dx.doi.org/10.1126/science.1166032
PMid:19039122

4. Michael, Joel. "Where's the evidence that
active learning works?" Advances in physiology
education 30, no. 4 (2006): 159-167.
http://dx.doi.org/10.1152/advan.00053.2006
PMid:17108243

5. Labov, Jay B., Ann H. Reid, and Keith R.
Yamamoto. “Integrated biology and
undergraduate science education: a new biology
education for the twenty-first century?." CBE-Life
Sciences Education 9, no. 1 (2010): 10-16.
http://dx.doi.org/10.1187/cbe.09-12-0092
PMid:20194802 PMCid:PMC2830155

6. Anderson, Winston A., U. Banerjee, C. L.
Drennan, S. C. R. Elgin, I. R. Epstein, J.
Handelsman, G. F. Hatfull et al. "Changing the
culture of science education at research
universities." Science 331, no. 6014 (2011): 152-
153.

7. http://www.hhmi.org/news/hhmi-announces-
60-million-initiative-improve-science-education-
undergraduates

8. Labov, Jay B. "From the National Academies:
the challenges and opportunities for improving
undergraduate science education through
introductory courses." Cell Biology Education 3,
no. 4 (2004): 212-214.
http://dx.doi.org/10.1187/cbe.04-07-0049
PMid:15592592 PMCid:PM(C533118

9. Tanner, Kimberly D., Liesl Chatman, and
Deborah Allen. "Approaches to biology teaching
and learning: Science teaching and learning
across the school—university divide—cultivating

conversations through scientist—teacher
partnerships." Cell Biology Education 2, no. 4
(2003): 195-201.

http://dx.doi.org/10.1187/cbe.03-10-0044
PMid:14673479 PMCid:PMC256986

10. Freeman, Scott, Sarah L. Eddy, Miles
McDonough, Michelle K. Smith, Nnadozie
Okoroafor, Hannah Jordt, and Mary Pat
Wenderoth. "Active learning increases student
performance in science, engineering, and
mathematics." Proceedings of the National
Academy of Sciences 111, no. 23 (2014): 8410-
8415.
http://dx.doi.org/10.1073/pnas.1319030111
PMid:24821756 PMCid:PMC4060654

28

11. Haak, David C., Janneke HilleRisLambers,
Emile Pitre, and Scott Freeman. "Increased
structure and active learning reduce the
achievement gap in introductory biology."
Science 332, no. 6034 (2011): 1213-1216.
http://dx.doi.org/10.1126/science.1204820
PMid:21636776

12. Niemi, Hannele. "Active learning—a cultural
change needed in teacher education and
schools." Teaching and teacher education 18, no.
7 (2002): 763-780.
http://dx.doi.org/10.1016/50742-051X(02)00042-
2

13. McCarthy, J. Patrick, and Liam Anderson.
"Active learning techniques versus traditional
teaching styles: two experiments from history
and political science." Innovative Higher
Education 24, no. 4 (2000): 279-294.
http://dx.doi.org/10.1023/B:IHIE.0000047415.48
495.05

14. Armbruster, Peter, Maya Patel, Erika Johnson,
and Martha Weiss. "Active learning and student-
centered pedagogy improve student attitudes
and performance in introductory biology." CBE-
Life Sciences Education 8, no. 3 (2009): 203-213.
http://dx.doi.org/10.1187/cbe.09-03-0025
PMid:19723815 PMCid:PMC2736024

15. Anyaehie, U. S. B., Ed Nwobodo, and C. J.
Njoku. "Comparative evaluation of active learning
and the traditional lectures in physiology: a case
study of 200 level medical laboratory students of
imo state university, Owerri." Nigerian Journal of
Physiological Sciences 22, no. 1-2 (2007).

16. Bligh, Donald A. What's the Use of Lectures?.
Intellect books, 1998.

17. Matheson, Catherine. "The educational value
and effectiveness of lectures." The Clinical
Teacher 5, no. 4 (2008): 218-221.
http://dx.doi.org/10.1111/j.1743-
498X.2008.00238.x

18. Revell, Andrea, and Emma Wainwright. "What
makes lectures ‘'unmissable'? Insights into
teaching excellence and active learning." Journal
of Geography in Higher Education 33, no. 2
(2009): 209-223.
http://dx.doi.org/10.1080/03098260802276771
19. Gier, Vicki S., and David S. Kreiner.
"Incorporating active learning with PowerPoint-
based lectures using content-based questions."
Teaching of Psychology 36, no. 2 (2009): 134-139.
http://dx.doi.org/10.1080/00986280902739792


http://dx.doi.org/10.1126/science.1166032
http://dx.doi.org/10.1152/advan.00053.2006
http://dx.doi.org/10.1187/cbe.09-12-0092
http://dx.doi.org/10.1187/cbe.04-07-0049
http://dx.doi.org/10.1187/cbe.03-10-0044
http://dx.doi.org/10.1073/pnas.1319030111
http://dx.doi.org/10.1126/science.1204820
http://dx.doi.org/10.1016/S0742-051X(02)00042-2
http://dx.doi.org/10.1016/S0742-051X(02)00042-2
http://dx.doi.org/10.1023/B:IHIE.0000047415.48495.05
http://dx.doi.org/10.1023/B:IHIE.0000047415.48495.05
http://dx.doi.org/10.1187/cbe.09-03-0025
http://dx.doi.org/10.1111/j.1743-498X.2008.00238.x
http://dx.doi.org/10.1111/j.1743-498X.2008.00238.x
http://dx.doi.org/10.1080/03098260802276771
http://dx.doi.org/10.1080/00986280902739792

29

20. Laws, Priscilla W. "Calculus-based physics
without lectures." Physics today 44, no. 12
(1991): 24-31.
http://dx.doi.org/10.1063/1.881276

21. Sivan, Atara, Roberta Wong Leung, Chi-ching
Woon, and David Kember. "An implementation of
active learning and its effect on the quality of
student learning." Innovations in Education and
Teaching International 37, no. 4 (2000): 381-389.
http://dx.doi.org/10.1080/135580000750052991
22. Powell, Kendall. "Science education: spare me
the lecture." Nature 425, no. 6955 (2003): 234-
236. http://dx.doi.org/10.1038/425234a
PMid:13679886

23. Hake, Richard R. "Interactive-engagement
versus traditional methods: A six-thousand-
student survey of mechanics test data for
introductory physics courses." American Journal
of Physics 66, no. 1 (1998): 64-74.
http://dx.doi.org/10.1119/1.18809

24. Udovic, Daniel, Deborah Morris, Alan
Dickman, John Postlethwait, and Peter
Wetherwax. "Workshop biology: demonstrating
the effectiveness of active learning in an
introductory biology course." Bioscience 52, no. 3
(2002): 272-281. http://dx.doi.org/10.1641/0006-
3568(2002)052[0272:WBDTEQ]2.0.CO;2

25. Wampold, Bruce E., John C. Wright, Paul H.
Williams, Susan B. Millar, Steve A. Koscuik, and
Debra L. Penberthy. "A novel strategy for
assessing the effects of curriculum reform on
student competence." J. Chem. Educ 75, no. 8
(1998): 986.
http://dx.doi.org/10.1021/ed075p986

26. Hake, Richard R. "Lessons from the physics-
education reform effort." arXiv preprint
physics/0106087 (2001).

27. J. Handelsman, B. J. Houser, H. Kriegel,
Biology Brought to Life: A Guide to Teaching
Students How to Think Like Scientists. McGraw-
Hill, 1997. PMCid:PM(C19314

28. Pukkila, Patricia J. "Introducing student
inquiry in large introductory genetics classes."
Genetics 166, no. 1 (2004): 11-18.
http://dx.doi.org/10.1534/genetics.166.1.11
PMid:15020401 PMCid:PMC1470710

29. Roth, Wolff-Michael, and Anita
Roychoudhury. "The development of science
process skills in authentic contexts." Journal of
Research in Science Teaching 30, no. 2 (1993):
127-152.
http://dx.doi.org/10.1002/tea.3660300203

Journal of Postdoctoral Research July 2016: 24-34

30. Harlen, Wynne. "Purposes and procedures for
assessing science process skills." Assessment in
Education: principles, policy & practice 6, no. 1
(1999): 129-144.
http://dx.doi.org/10.1080/09695949993044

31. Padilla, Michael J. "The science process skills."
Research Matters-to the science Teacher 9004
(1990).

32. Bean, John C. Engaging ideas: The professor's
guide to integrating writing, critical thinking, and
active learning in the classroom. John Wiley &
Sons, 2011.

33. Metzger, Miriam J., Andrew J. Flanagin, and
Lara Zwarun. "College student Web use,
perceptions of information credibility, and
verification behavior." Computers & Education
41, no. 3 (2003): 271-290.
http://dx.doi.org/10.1016/5S0360-1315(03)00049-
6

34. Rashid, Tabassum, and Hanan Muhammad
Asghar. "Technology use, self-directed learning,
student engagement and academic performance:
Examining the interrelations." Computers in
Human  Behavior 63  (2016): 604-612.
http://dx.doi.org/10.1016/j.chb.2016.05.084

35. Cheung, Waiman, and Wayne Huang.
"Proposing a framework to assess Internet usage
in university education: an empirical investigation
from a student's perspective." British Journal of
Educational Technology 36, no. 2 (2005): 237-
253.

http://dx.doi.org/10.1111/j.1467-
8535.2005.00455.x

36. Wu, Chi-Ling. "Investigating Taiwanese
undergraduates' conceptions of, approaches to,
and their learning self-efficacy regarding Internet-
based learning." (2014).

37. Hofstein, Avi, and Vincent N. Lunetta. "The
laboratory in science education: Foundations for
the twenty-first century." Science education 88,
no. 1 (2004): 28-54.
http://dx.doi.org/10.1002/sce.10106

38. Alfieri, Louis, Patricia J. Brooks, Naomi J.
Aldrich, and Harriet R. Tenenbaum. "Does
discovery-based instruction enhance learning?"
Journal of Educational Psychology 103, no. 1
(2011): 1. http://dx.doi.org/10.1037/a0021017


http://dx.doi.org/10.1063/1.881276
http://dx.doi.org/10.1080/135580000750052991
http://dx.doi.org/10.1038/425234a
http://dx.doi.org/10.1119/1.18809
http://dx.doi.org/10.1641/0006-3568(2002)052%5b0272:WBDTEO%5d2.0.CO;2
http://dx.doi.org/10.1641/0006-3568(2002)052%5b0272:WBDTEO%5d2.0.CO;2
http://dx.doi.org/10.1021/ed075p986
http://dx.doi.org/10.1534/genetics.166.1.11
http://dx.doi.org/10.1002/tea.3660300203
http://dx.doi.org/10.1080/09695949993044
http://dx.doi.org/10.1016/S0360-1315(03)00049-6
http://dx.doi.org/10.1016/S0360-1315(03)00049-6
http://dx.doi.org/10.1016/j.chb.2016.05.084
http://dx.doi.org/10.1111/j.1467-8535.2005.00455.x
http://dx.doi.org/10.1111/j.1467-8535.2005.00455.x
http://dx.doi.org/10.1002/sce.10106
http://dx.doi.org/10.1037/a0021017

Justin Fendos

39. Wood, William B., and Jo Handelsman.
"Meeting report: the 2004 National Academies
Summer Institute on Undergraduate Education in
Biology." Cell Biology Education 3, no. 4 (2004):
215-217.
http://dx.doi.org/10.1187/cbe.04-07-0057
PMid:15592593 PMCid:PM(C533119

40. Quitadamo, lan J., Celia L. Faiola, James E.
Johnson, and Martha J. Kurtz. "Community-based
inquiry improves critical thinking in general
education biology." CBE-Life Sciences Education
7, no. 3 (2008): 327-337.
http://dx.doi.org/10.1187/cbe.07-11-0097
PMid:18765755 PMCid:PM(C2527977

41. Reynolds, Rebecca, and Idit Harel Caperton.
"Contrasts in student engagement, meaning-
making, dislikes, and challenges in a discovery-
based program of game design learning."
Educational Technology Research and
Development 59, no. 2 (2011): 267-289.
http://dx.doi.org/10.1007/s11423-011-9191-8
42. Osborne, Jonathan. "Arguing to learn in
science: The role of collaborative, critical
discourse." Science 328, no. 5977 (2010): 463-
466.

http://dx.doi.org/10.1126/science.1183944
PMid:20413492

43. Millis, Barbara J. "Why Faculty Should Adopt
Cooperative Learning Approaches." Cooperative
Learning in Higher Education: Across the
Disciplines, Across the Academy (2012): 1.

44. Ferreri, Stefanie P., and Shanna K. O'Connor.
"Redesign of a large lecture course into a small-
group learning course." American journal of
pharmaceutical education 77, no. 1 (2013): 13.
http://dx.doi.org/10.5688/ajpe77113
PMid:23459199 PMCid:PMC3578326

45. Bruff, Derek. Teaching with classroom
response systems: Creating active learning
environments. John Wiley & Sons, 2009.

46. Smith, Michelle K., William B. Wood, Wendy
K. Adams, Carl Wieman, Jennifer K. Knight, Nancy
Guild, and Tin Tin Su. "Why peer discussion
improves student performance on in-class
concept questions." Science 323, no. 5910 (2009):
122-124.
http://dx.doi.org/10.1126/science.1165919
PMid:19119232

47. Choi, lkseon, Susan M. Land, and Alfred J.
Turgeon. "Scaffolding peer-questioning strategies
to facilitate metacognition during online small
group discussion." Instructional science 33, no. 5-

30

6 (2005): 483-511.
http://dx.doi.org/10.1007/s11251-005-1277-4
48. Hoffman, Christina, and Susan Goodwin. "A
clicker for your thoughts: Technology for active
learning." New Library World 107, no. 9/10
(2006): 422-433.
http://dx.doi.org/10.1108/03074800610702606
49. Gauci, Sally A., Arianne M. Dantas, David A.
Williams, and Robert E. Kemm. "Promoting
student-centered active learning in lectures with
a personal response system." Advances in
Physiology Education 33, no. 1 (2009): 60-71.
http://dx.doi.org/10.1152/advan.00109.2007
PMid:19261762

50. Pierce, Richard, and Jeremy Fox. "Vodcasts
and active-learning exercises in a "flipped
classroom" model of a renal pharmacotherapy
module." American journal of pharmaceutical
education 76, no. 10 (2012): 196.
http://dx.doi.org/10.5688/ajpe7610196
PMid:23275661 PMCid:PMC3530058

51. Hoskins, Sally G., David Lopatto, and Leslie M.
Stevens. "The CREATE approach to primary
literature shifts undergraduates' self-assessed
ability to read and analyze journal articles,
attitudes about science, and epistemological
beliefs." CBE-Life Sciences Education 10, no. 4
(2011): 368-378.
http://dx.doi.org/10.1187/cbe.11-03-0027
PMid:22135371 PMCid:PMC3228655

52. Kozeracki, Carol A., Michael F. Carey, John
Colicelli, and Marc Levis-Fitzgerald. "An intensive
primary-literature—based  teaching  program
directly benefits undergraduate science majors
and facilitates their transition to doctoral
programs." CBE-Life Sciences Education 5, no. 4
(2006): 340-347.
http://dx.doi.org/10.1187/cbe.06-02-0144
PMid:17146041 PMCid:PMC1681356

53. Dirks, Clarissa, and Matthew Cunningham.
"Enhancing diversity in science: is teaching
science process skills the answer?" CBE-Life
Sciences Education 5, no. 3 (2006): 218-226.
http://dx.doi.org/10.1187/cbe.05-10-0121
PMid:17012213 PMCid:PMC1618688

54. Petress, Ken. "What is meant by active
learning?" Education 128, no. 4 (2008): 566.

55. Millis, Barbara J. "Why Faculty Should Adopt
Cooperative Learning Approaches." Cooperative
Learning in Higher Education: Across the
Disciplines, Across the Academy (2012): 1.


http://dx.doi.org/10.1187/cbe.04-07-0057
http://dx.doi.org/10.1187/cbe.07-11-0097
http://dx.doi.org/10.1007/s11423-011-9191-8
http://dx.doi.org/10.1126/science.1183944
http://dx.doi.org/10.5688/ajpe77113
http://dx.doi.org/10.1126/science.1165919
http://dx.doi.org/10.1007/s11251-005-1277-4
http://dx.doi.org/10.1108/03074800610702606
http://dx.doi.org/10.1152/advan.00109.2007
http://dx.doi.org/10.5688/ajpe7610196
http://dx.doi.org/10.1187/cbe.11-03-0027
http://dx.doi.org/10.1187/cbe.06-02-0144
http://dx.doi.org/10.1187/cbe.05-10-0121

31

56. Jensen, Jamie L., Tyler A. Kummer, and
Patricia D. D. M. Godoy. "Improvements from a
flipped classroom may simply be the fruits of
active learning." CBE-Life Sciences Education 14,
no. 1 (2015): ar5.

57. Stone, Bethany B. "Flip your classroom to
increase active learning  and student
engagement." In Proceedings from 28th Annual
Conference on Distance Teaching & Learning,
Madison, Wisconsin, USA. 2012.

58. Bishop, Jacob Lowell, and Matthew A.
Verleger. "The flipped classroom: A survey of the
research." In ASEE National Conference
Proceedings, Atlanta, GA, vol. 30, no. 9. 2013.

59. Mclaughlin, Jacqueline E., Mary T. Roth,
Dylan M. Glatt, Nastaran Gharkholonarehe,
Christopher A. Davidson, LaToya M. Griffin,
Denise A. Esserman, and Russell J. Mumper. "The
flipped classroom: a course redesign to foster
learning and engagement in a health professions
school." Academic Medicine 89, no. 2 (2014):
236-243.

60. Armbruster, Peter, Maya Patel, Erika Johnson,
and Martha Weiss. "Active learning and student-
centered pedagogy improve student attitudes
and performance in introductory biology." CBE-
Life Sciences Education 8, no. 3 (2009): 203-213.
http://dx.doi.org/10.1187/cbe.09-03-0025
PMid:19723815 PMCid:PMC2736024

61. Auster, Ellen R., and Krista K. Wylie. "Creating
active learning in the classroom: A systematic
approach." Journal of Management Education 30,
no. 2 (2006): 333-353.
http://dx.doi.org/10.1177/1052562905283346
62. Hoffman, Christina, and Susan Goodwin. "A
clicker for your thoughts: Technology for active
learning." New Library World 107, no. 9/10
(2006): 422-433,
http://dx.doi.org/10.1108/03074800610702606
63. Yoder, Janice D., and Catherine M. Hochevar.
"Encouraging active learning can improve
students' performance on examinations."
Teaching of Psychology 32, no. 2 (2005): 91-95.
http://dx.doi.org/10.1207/s15328023top3202_2
64. Braxton, John M., Willis A. Jones, Amy S.
Hirschy, and Harold V. Hartley lll. "The role of
active learning in college student persistence."
New Directions for Teaching and Learning 2008,
no. 115 (2008): 71-83.
http://dx.doi.org/10.1002/t1.326

65. Crosling, Glenda, Liz Thomas, and Margaret
Heagney. Improving student retention in higher

Journal of Postdoctoral Research July 2016: 24-34

education: the role of teaching and learning.
Routledge, 2008.

66. Freeman, Scott, Eileen O'Connor, John W.
Parks, Matthew Cunningham, David Hurley, David
Haak, Clarissa Dirks, and Mary Pat Wenderoth.
"Prescribed active learning increases
performance in introductory biology." CBE-Life
Sciences Education 6, no. 2 (2007): 132-139.
http://dx.doi.org/10.1187/cbe.06-09-0194
PMid:17548875 PMCid:PMC1885904

67. Smith, Michelle K., William B. Wood, Wendy
K. Adams, Carl Wieman, Jennifer K. Knight, Nancy
Guild, and Tin Tin Su. "Why peer discussion
improves student performance on in-class
concept questions." Science 323, no. 5910 (2009):
122-124.
http://dx.doi.org/10.1126/science.1165919
PMid:19119232

68. Martyn, Margie. "Clickers in the classroom:
An active learning approach." Educause quarterly
30, no. 2 (2007): 71.

69. Stiggins, Rick, and Jan Chappuis. "Using
student-involved classroom assessment to close
achievement gaps." Theory into practice 44, no. 1
(2005): 11-18.
http://dx.doi.org/10.1207/s15430421tip4401_3
70. Stiggins, Richard J., Judith A. Arter, Jan
Chappuis, and Stephen Chappuis. Classroom
assessment for student learning: doing it right--
using it well. Assessment Training Institute, 2004.
71. Earl, Lorna M. Assessment as learning: Using
classroom assessment to maximize student
learning. Corwin Press, 2012.

72. Bennett, Randy Elliot. "Formative assessment:
A critical review." Assessment in Education:
Principles, Policy & Practice 18, no. 1 (2011): 5-25.
http://dx.doi.org/10.1080/0969594X.2010.51367
8

73. Heritage, Margaret, lJinok Kim, Terry
Vendlinski, and Joan Herman. "From evidence to
action: A seamless process in formative
assessment?." Educational Measurement: Issues
and Practice 28, no. 3 (2009): 24-31.
http://dx.doi.org/10.1111/j.1745-
3992.2009.00151.x

74. Shepard, Lorrie A. "Linking Formative
Assessment  to  Scaffolding."  Educational
leadership 63, no. 3 (2005): 66-70.

75. Imrie, Bradford William, Kevin Cox, Bradford
W. Imrie, Allen Miller, and Allen Miller. Student
assessment in higher education: a handbook for
assessing performance. Routledge, 2014.


http://dx.doi.org/10.1187/cbe.09-03-0025
http://dx.doi.org/10.1177/1052562905283346
http://dx.doi.org/10.1108/03074800610702606
http://dx.doi.org/10.1207/s15328023top3202_2
http://dx.doi.org/10.1002/tl.326
http://dx.doi.org/10.1187/cbe.06-09-0194
http://dx.doi.org/10.1126/science.1165919
http://dx.doi.org/10.1207/s15430421tip4401_3
http://dx.doi.org/10.1080/0969594X.2010.513678
http://dx.doi.org/10.1080/0969594X.2010.513678
http://dx.doi.org/10.1111/j.1745-3992.2009.00151.x
http://dx.doi.org/10.1111/j.1745-3992.2009.00151.x

Justin Fendos

76. Griffin, Patrick, Barry McGaw, and Esther
Care. Assessment and teaching of 21st century
skills. Dordrecht: Springer, 2012.

77. Gormally, Cara, Peggy Brickman, and Mary
Lutz. "Developing a Test of Scientific Literacy
Skills  (TOSLS): measuring undergraduates'
evaluation of scientific information and
arguments." CBE-Life Sciences Education 11, no. 4
(2012): 364-377.
http://dx.doi.org/10.1187/cbe.12-03-0026
PMid:23222832 PMCid:PMC3516792

78. Dasgupta, Annwesa P., Trevor R. Anderson,
and Nancy Pelaez. "Development and validation
of a rubric for diagnosing students' experimental
design knowledge and difficulties." CBE-Life
Sciences Education 13, no. 2 (2014): 265-284.
http://dx.doi.org/10.1187/cbe.13-09-0192
PMid:26086658 PMCid:PMC4041504

79. Couch, Brian A., William B. Wood, and
Jennifer K. Knight. "The Molecular Biology
Capstone Assessment: a concept assessment for
upper-division molecular biology students." CBE-
Life Sciences Education 14, no. 1 (2015): arl0.
http://dx.doi.org/10.1187/cbe.14-04-0071
PMid:25713098 PMCid:PMC4353076

80. Koh, Gerald Choon-Huat, Hoon Eng Khoo,
Mee Lian Wong, and David Koh. "The effects of
problem-based learning during medical school on
physician competency: a systematic review."
Canadian Medical Association Journal 178, no. 1
(2008): 34-41.
http://dx.doi.org/10.1503/cmaj.070565
PMid:18166729 PMCid:PMC2151117

81. Schirmer, Julie M., Larry Mauksch, Forrest
Lang, M. Kim Marvel, Kathy Zoppi, Ronald M.
Epstein, Doug Brock, and Michael Pryzbylski.
"Assessing communication competence: a review
of current tools." Fam Med 37, no. 3 (2005): 184-
192.

PMid:15739134

82. Hamilton, Rosemary. "Nurses' knowledge and
skill  retention  following cardiopulmonary
resuscitation training: a review of the literature."
Journal of advanced nursing 51, no. 3 (2005):
288-297.

http://dx.doi.org/10.1111/j.1365-
2648.2005.03491.x PMid:16033596

83. Semsar, Katharine, Jennifer K. Knight, Gllnur
Birol, and Michelle K. Smith. "The colorado
learning attitudes about science survey (CLASS)
for use in biology." CBE-life sciences education 10,
no. 3 (2011): 268-278.

32

http://dx.doi.org/10.1187/cbe.10-10-0133
PMid:21885823 PMCid:PMC3164566

84. Preszler, Ralph W., Angus Dawe, Charles B.
Shuster, and Michele Shuster. "Assessment of the
effects of student response systems on student
learning and attitudes over a broad range of
biology courses." CBE-Life Sciences Education 6,
no. 1 (2007): 29-41.
http://dx.doi.org/10.1187/cbe.06-09-0190
PMid:17339392 PMCid:PMC1854854

85. Suldo, Shannon M., Emily J. Shaffer, and
Elizabeth Shaunessy. "An independent
investigation of the validity of the School
Attitudes Assessment Survey-Revised." Journal of
Psychoeducational Assessment (2007).
http://dx.doi.org/10.1177/0734282907303089
86. Hassanien, Ahmed. "Student experience of
group work and group assessment in higher
education." Journal of teaching in travel &
tourism 6, no. 1 (2006): 17-39.
http://dx.doi.org/10.1300/J172v06n01_02

87. Orr, Susan. "Collaborating or fighting for the
marks? Students' experiences of group work
assessment in the creative arts." Assessment &
Evaluation in Higher Education 35, no. 3 (2010):
301-313.
http://dx.doi.org/10.1080/02602931003632357
88. Zhang, Bo, Lucy Johnston, and Gulsen Bagci
Kilic. "Assessing the reliability of self-and peer
rating in student group work." Assessment &
Evaluation in Higher Education 33, no. 3 (2008):
329-340.
http://dx.doi.org/10.1080/02602930701293181
89. Elliott, Naomi, and Agnes Higgins. "Self and
peer assessment—does it make a difference to
student group work?" Nurse Education in Practice
5, no. 1 (2005): 40-48.
http://dx.doi.org/10.1016/j.nepr.2004.03.004
PMid:19038177

90.
http://www.nsfresources.org/topic.cfm?topic=AS
91.
http://www.flaguide.org/tools/tools_discipline.p
hp

92. http://www.pearweb.org/tools/STEM.html
93. Savery, John R. "Overview of problem-based
learning: Definitions and distinctions." Essential
readings in problem-based learning: Exploring
and extending the legacy of Howard S. Barrows
(2015): 5-15.


http://dx.doi.org/10.1187/cbe.12-03-0026
http://dx.doi.org/10.1187/cbe.13-09-0192
http://dx.doi.org/10.1187/cbe.14-04-0071
http://dx.doi.org/10.1503/cmaj.070565
http://dx.doi.org/10.1111/j.1365-2648.2005.03491.x
http://dx.doi.org/10.1111/j.1365-2648.2005.03491.x
http://dx.doi.org/10.1187/cbe.10-10-0133
http://dx.doi.org/10.1187/cbe.06-09-0190
http://dx.doi.org/10.1177/0734282907303089
http://dx.doi.org/10.1300/J172v06n01_02
http://dx.doi.org/10.1080/02602931003632357
http://dx.doi.org/10.1080/02602930701293181
http://dx.doi.org/10.1016/j.nepr.2004.03.004

34

94. Brownell, Sara E., Matthew J. Kloser, Tadashi
Fukami, and Rich Shavelson. "Undergraduate
biology lab courses: comparing the impact of
traditionally based “cookbook” and authentic
research-based courses on student lab
experiences." Journal of College Science Teaching
41, no. 4 (2012): 36-45.

95. Bernard, Warren. Authentic research projects:
Students' perspectives on the process, ownership,
and benefits of doing research. 2005.

96. Edwards, Ashley, Susan M. Jones, Erik
Wapstra, and Alastair MM Richardson. "Engaging
students through authentic research
experiences." In Proceedings of The Australian
Conference on Science and Mathematics
Education (formerly UniServe Science
Conference). 2012.

97. Kloser, Matthew J., Sara E. Brownell, Nona R.
Chiariello, and Tadashi Fukami. "Integrating
teaching and research in undergraduate biology
laboratory education." PLoS Biol 9, no. 11 (2011):
e1001174.
http://dx.doi.org/10.1371/journal.pbio.1001174
PMid:22110400 PMCid:PMC3216991

98. Tomasik, Janice Hall, Katelyn E. Cottone,
Mitchell T. Heethuis, and Anja Mueller.
"Development and preliminary impacts of the
implementation of an authentic research-Based
experiment in General Chemistry." Journal of
Chemical Education 90, no. 9 (2013): 1155-1161.
http://dx.doi.org/10.1021/ed300328p

99.
http://tsi.fudan.edu.cn/students/undergraduate-
students/bios/

100. Wieman, Carl. "Why not try a scientific
approach to science education?." Change: The
Magazine of Higher Learning 39, no. 5 (2007): 9-
15.

101. Bush, S. D., N. J. Pelaez, J. A. Rudd, M. T.
Stevens, K. S. Williams, D. E. Allen, and K. D.
Tanner. "On hiring science faculty with education
specialties for your science (not education)
department." CBE-Life Sciences Education 5, no. 4
(2006): 297-305.
http://dx.doi.org/10.1187/cbe.06-09-0189
PMid:17146032 PMCid:PMC1681366

102. Prince, Michael J., Richard M. Felder, and
Rebecca Brent. "Does faculty research improve
undergraduate teaching? An analysis of existing
and potential synergies." Journal of Engineering
Education 96, no. 4 (2007): 283-294.
http://dx.doi.org/10.1002/].2168-
9830.2007.tb00939.x

Journal of Postdoctoral Research July 2016: 24-34

103. Herreid, Clyde Freeman, and Nancy A.
Schiller. "Case studies and the flipped classroom."
Journal of College Science Teaching 42, no. 5
(2013): 62-66.

104. Pfund, Christine, Sarah Miller, Kerry
Brenner, Peter Bruns, Amy Chang, Diane Ebert-
May, Adam P. Fagen et al. "Summer institute to
improve university science teaching." Science
324, no. 5926 (2009): 470-471.
http://dx.doi.org/10.1126/science.1170015
PMid:19390031

105. Austin, Ann E., and Melissa McDaniels.
"Preparing the professoriate of the future:
Graduate student socialization for faculty roles."
Higher  Education, pp. 397-456. Springer
Netherlands, 2006.

106. Nerad, Maresi. "The PhD in the US:
Criticisms, facts, and remedies." Higher Education
Policy 17, no. 2  (2004):  183-199.
http://dx.doi.org/10.1057/palgrave.hep.8300050
107. Boyle, Peg, and Bob Boice. "Systematic
mentoring for new faculty teachers and graduate
teaching assistants." Innovative Higher Education
22, no. 3 (1998): 157-179.
http://dx.doi.org/10.1023/A:1025183225886
108. Liu, Liyan, and Barry J. Fraser. "Development
and validation of an English classroom learning
environment inventory and its application in
China." In Application of Structural Equation
Modeling in Educational Research and Practice,
pp. 75-89. SensePublishers, 2013.
http://dx.doi.org/10.1007/978-94-6209-332-4_4
109. Chen, Lu, Lin Wang, Xiao Hui Qiu, Xiu Xian
Yang, Zheng Xue Qiao, Yan Jie Yang, and Yuan
Liang. "Depression among Chinese university
students: prevalence and socio-demographic
correlates." PLoS One 8, no. 3 (2013): e58379.
http://dx.doi.org/10.1371/journal.pone.0058379
PMid:23516468 PMCid:PMC3596366

110. Shek, Daniel TL, Lu Yu, Florence KY Wu,
Catalina SM Ng, and Wen Yu Chai. "Qualitative
evaluation of general university requirements in a
new 4-year university curriculum: findings based
on experiences of students." International journal
of adolescent medicine and health (2016).

111. An, Xuehui, Emily Hannum, and Tanja
Sargent. "Teaching quality and student
outcomes: Academic achievement and
educational engagement in rural Northwest
China." China: An International Journal 5, no. 02
(2007): 309-334.


http://dx.doi.org/10.1371/journal.pbio.1001174
http://dx.doi.org/10.1021/ed300328p
http://dx.doi.org/10.1187/cbe.06-09-0189
http://dx.doi.org/10.1002/j.2168-9830.2007.tb00939.x
http://dx.doi.org/10.1002/j.2168-9830.2007.tb00939.x
http://dx.doi.org/10.1126/science.1170015
http://dx.doi.org/10.1057/palgrave.hep.8300050
http://dx.doi.org/10.1023/A:1025183225886
http://dx.doi.org/10.1007/978-94-6209-332-4_4
http://dx.doi.org/10.1371/journal.pone.0058379

Justin Fendos

112.

http://cbs.umn.edu/academics/departments/btl/
academics/foundations-biology

35



