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The concept of active learning represented a paradigm 
shift. In part, it moved the focus from what the instructor 
does — teach — to what we want the students to do — 
learn. A recent paper from Karpicke and Blunt (1), which 
follows years of previous work (2), suggests another shift 
of similar importance. In this case, the question is, What is 
the best way to learn? According to this paper, best practice 
involves the relatively overlooked method of recall. 

Most people reading this review will likely agree that 
lecturing with note-taking is not a particularly effective 
way for students to learn. Indeed, current pedagogy favors 
active-learning methods. That is, we cannot transfer the 
knowledge from our minds to those of our students; they 
need to construct their own knowledge. However, once that 
knowledge has been constructed or encoded, how do we 
best ensure that the students will retain the information?

There are certainly many hypotheses, but the one 
that we favor is the frequent quiz approach (3). The jus-
tification for this methodology can be found in work by 
Dr. Mark McDaniel (4). Our interpretation of the work 
from McDaniel’s group is that frequent quizzes benefit the 
students in multiple ways. First, quizzes help the students 
evaluate their actual, rather than their perceived, depth 
of knowledge. Second, quizzes help identify knowledge 
gaps, allowing students to effectively focus their study 
time. Third, because students are introduced to large 
amounts of information in a typical course, they attempt 

to continue encoding without ever examining what they 
have learned, right up to (typically the night before) the 
big exam. Frequent quizzes prevent this from happening, 
and force students to routinely recall previously learned 
information in more manageable segments. 

The work of Karpicke and Blunt is complementary to 
that of McDaniel. In brief, their paper compares the learning 
gains of two methods — concept mapping (which they refer 
to as a method of encoding new information) and retrieval 
practice. Retrieval practice consisted of an initial study session 
followed by the administration of a free recall test in which 
the students recalled as much of the information as possible. 
Students then restudied the material and a second free recall 
test was administered. Learning gains from retrieval practice 
were substantially higher than for concept mapping. 

However, this work brings up many unanswered ques-
tions. Are learning gains due to a fundamental difference 
between recall and elaborative encoding, or does the ac-
companying testing following recall promote a re-encoding 
of information? For example, a “fill-in-the-blank recall” exam 
that focused solely on recall might yield different results 
from the “free recall” exam used in this paper, in which 
the students both remember facts and reformulate that 
information in the process of writing down their answers. 
Furthermore, with the retrieval practice method we must 
ask whether the learning gains are simply attributable to 
focused study during the second session, akin to the im-
proved outcome from standard quizzes (4). Finally, is there 
any essential difference in the methodology of “retrieval 
practice” and frequent quizzing and, if so, which yields higher 
learning outcomes? Further research is needed to answer 
these questions.

One other question needs to be addressed: if retrieval 
practice is so beneficial, why don’t more instructors incor-
porate it into their teaching methodology? Perhaps one 
answer can be found in additional results from Karpicke 
and Blunt (1). They found that students predicted that 
repeated studying (i.e., additional encoding) would provide 
the best results with regard to long-term retention, and 
that retrieval practice would have the worst outcome. 
We suspect that most instructors have been making the 
same assumption.
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Scientific Teaching; 5th printing; Jo Handelsman, Sarah Miller, 
and Christine Pfund; (2007).  Supported by the Howard 
Hughes Medical Institute Professor Program and The Wis-
consin Program for Scientific Teaching. W.H. Freeman and 
Company, New York, in collaboration with the Roberts and 
Company Englewood, Colorado. 184 pages. 

This book builds upon the idea that a training institute 
is needed to nurture scientific-minded educators and revo-
lutionize science education. It strongly presents an argument 
that science education needs a face-lift, so to speak, regard-
ing the way it is taught and how students are trained to use 
memorization in order to learn a body of factual knowledge. 

To produce students who think like scientists (critical 
and analytical thinkers), educators need to understand the 
similarities and connections between science, education, 
research, and teaching. Thus, scientific teaching, by the 
definition coined in this book, means “teaching science in a 
way that (1) represents the nature of science as a dynamic, 
investigative process based on evidence, (2) engages a 
diversity of people in a collaborative process, and (3) has 
clear learning goals in mind, uses methods and instructional 
materials designed to improve student learning, and evalu-
ates the methods iteratively”. 

This book is a comprehensive bible of what scientific 
teaching is and how educators can scientifically teach. The 
objective of this book is consistent and clear throughout – 
to introduce and demonstrate how faculty can treat their 
teaching with the same scientific mindset as they approach 
their disciplinary research.  In other words, faculty can 
make teaching more scientific and we, as educators, need 
to develop teaching habits based on sound evidence with 
proven assessment methodologies. 

The book is intelligently arranged into two sections 
for educators at two different points in their teaching 
careers.  Chapters 1–6 focus on ‘what is’ scientific teach-
ing and ‘how to’ scientifically teach. They are aimed at 
educators in the early stages of their careers who may 
wish to make changes in their teaching and learn more 
about teaching as a form of science (analysis, collaboration, 
communication, experimentation, evaluation, inquiry, and 
knowledge). These chapters are an easy and inspiring read 
and cover topics such as scientific teaching, active learning, 
assessment, diversity, definition of a teachable unit, and 
ideas for institutional transformation. 

The second part of the book focuses on educators who are 
well into their careers, have been practicing scientific teaching 

for some time, and who are now ready to share their practices 
with colleagues and the larger community. This latter section 
gives detailed guidelines and helps the reader to think about ef-
fectively sharing what they have learned about scientific teaching 
in workshops and other forums. With a number of examples 
in active learning and assessment provided, this book is a solid 
case of well-established “what is”, as well as a “how to” guide 
for both novice and veteran science educators.

There are abundant books on education that offer 
clear pedagogical and principal teaching strategies, many 
lack specific examples as to how the reader can become a 
more effective educator. For me, there is one other that 
stands out and complements Scientific Teaching. In the book, 
Leaving the Lectern: Cooperative Learning and the Critical First 
Days of Students Working in Groups (Dean A. McManus; 
John Wiley & Sons Inc.; 2005), the author demonstrates 
his passion for science teaching by asking what “success” in 
the classroom truly means. He shows how his courage to 
venture out from a traditional teaching setting (i.e. passive 
lecture mode) results in “success.”

“Scientific Teaching” is a true one stop shop for educators 
in science education. It combines factual information about 
best practices (learning goals, learning outcomes, design 
principles, assessment, addressing diversity) with sugges-
tions on how to implement and share these in the broader 
community of one’s institution and beyond.    

Overall, this book is current and very informative.  It 
is one of a kind and should be recommended to everyone 
(even in non-science disciplines) who wants to help students 
learn how to think like real scientists. 
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Entering Research: A Facilitator’s Manual; 1st ed.; Janet 
Branchaw, Christine Pfund, and Raelyn Rediske; (2010). W.H. 
Freeman and Company, New York. 284 pages.

This book is sub-titled “Workshops for Students Begin-
ning Research in Science,” which is a very apt description of 
the overall work. It describes, in great detail, a two-semester 
workshop for undergraduate students who are starting a re-
search experience. The first workshop focuses on students 
who are seeking research opportunities and just entering 
the research laboratory. The second workshop focuses 
on more advanced topics for students who are engaged in 
research, such as communication of results, writing for the 
general public, and research ethics.

The book provides all the information that a faculty 
member needs to facilitate the workshops. Each chapter is 
organized as a single class meeting during the semester and 
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