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FEATURES AND INFORMATION
Applying Cognitive Science to Economic Education

The cognitive challenges of effective teaching

Stephen L. Chewa and William J. Cerbinb

aDepartment of Psychology, Samford University, Homewood, AL, USA; bCenter for Advancing Teaching and
Learning, University of Wisconsin – La Crosse, La Crosse, WI, USA

ABSTRACT
The authors describe a research-based conceptual framework of how stu-
dents learn that can guide the design, implementation, and troubleshoot-
ing of teaching practice. The framework consists of nine interacting
cognitive challenges that teachers need to address to enhance student
learning. These challenges include student mental mindset, metacognition
and self-regulation, student fear and mistrust, prior knowledge, misconcep-
tions, ineffective learning strategies, transfer of learning, constraints of
selective attention, and the constraints of mental effort and working mem-
ory. The challenges are described with recommendations on how to
address each one. What is effective for one situation may not be effective
in others, and no single teaching method will always be optimal for all
teachers, students, topics, and educational contexts. The teacher’s task is
to manage this complex interaction successfully.
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If you ask many academics how they define teaching, they will often talk about transmitting knowledge, as
if teaching is telling … To benefit from what the best teachers do, however, we must embrace a different
model, one in which teaching occurs only when learning takes place … [T]eaching in this conception is
creating those conditions in which most—if not all—of our students will realize their potential to learn.
(What the Best College Teachers Do [Bain 2004, 173])

The past 20 years have seen an outpouring of research on how to design teaching more effectively
to promote student learning. Student learning is remarkably complex, and teachers need to
understand this complexity in order to design maximally effective pedagogy. The standard view
of teaching is that teachers explain information and design activities for students. Students listen
and engage in these activities and, according to their level of ability and motivation, they achieve
some level of learning. We know now that this view is simplistic (Nuthall 2007). Capable students
may fail to learn because they use poor learning strategies, or they lack sufficient prior knowledge
to understand the concepts, or they mistakenly believe that they have understood the concepts,
but they have not, or instead of learning, they cling to misconceptions that they held before tak-
ing the class. Students may complete all of the activities successfully but be so overwhelmed by
the effort that they learn nothing from them, or they may learn information but never think of it
or apply it beyond the exam. The purpose of this article is to synthesize the current research on
student learning into a single framework that teachers can use to improve their teaching and
enhance student learning.

Pedagogical research falls into three broad, overlapping categories. First are studies from cog-
nitive psychology, the subfield of psychology that studies mental processes such as attention,
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learning, and memory. This approach generally uses controlled, often laboratory-based, studies
with careful manipulations of a limited number of factors such as learning strategies or attention
(e.g., Bransford, Brown, and Cocking 1999; Benassi, Overson, and Hakala 2014; Weinstein,
Sumeracki, and Caviglioli 2019). The second category is educational research, which studies fac-
tors such as teacher and student characteristics that affect learning in actual educational settings
(e.g., Hattie 2009; Nuthall 2007). This kind of research tends to be less controlled but more
authentic in teaching context. The final category is the study of master teachers (e.g., Bain 2004;
Keeley, Ismail, and Buskist 2016). Researchers identify teachers who are widely regarded by fac-
ulty peers and students as extraordinarily effective teachers. Researchers then generally use quali-
tative methods to describe the traits and practices of these teachers compared to regular teachers.

From these different lines of research, we can discern three common themes. The first theme
is highlighted by Bain (2004) in the quote above. Teaching is not about “telling” or presenting
information; it is about creating an environment in which most, if not all, students can learn.
The focus of teaching should not be on how well we present information, but on how well we
create conditions in which most students are able to learn. Second, effective teaching is about
adaptation to changing circumstances. Students come to our classes with different goals and
expectations, different levels of interest, and different levels of prior knowledge. Our teaching
must adapt to these varying conditions. The third theme is that effective teaching involves trans-
lating cognitive principles of learning into pedagogical practice. Teachers need to understand how
people learn and incorporate those principles into their teaching. Bain (2004) said this about the
master teachers he studied:

[T]he people we analyzed have generally cobbled together from their own experiences working with
students, conceptions of human learning that are remarkably similar to some ideas that have emerged in
the research and theoretical literature on cognition, motivation, and human development. (25)

Effective teaching involves an accurate understanding of the cognitive principles of learning.
Although that sounds straightforward, many teachers underestimate the complexity of effective
teaching (Chew et al. 2018) or base their pedagogy on misconceptions, untested intuitions, and
false assumptions (Howard-Jones 2014).

Effective teaching and optimal learning

The goals of pedagogical research, and the cognitive framework we describe later, are effective
teaching and optimal student learning. Here is what we mean by these goals. First, what is
effective teaching? Consider the kinds of students we teach. Some students are keenly interested
in our class and already have a strong foundation on the topic. Others have little to no back-
ground knowledge, or may even have misconceptions; they may have no inherent interest in the
topic but are taking the course because it fits their schedule and fulfills a requirement. Some stu-
dents are ready to work hard to excel, and some want to get by with minimal work. Some stu-
dents will learn almost regardless of the teacher; for others, teaching presents a greater challenge.
Successfully teaching knowledgeable, highly motivated students takes a minimum of competence
in teaching. Effective, skilled teaching involves reaching as many of the less knowledgeable, less
motivated students as possible, and developing them into well-informed, keen learners of our dis-
cipline. It involves creating an atmosphere in which learning becomes important to the student
and achievable with sufficient effort. It is tempting to look at only students who are already
primed to learn from anyone and consider our teaching successful. The preponderance of peda-
gogical research shows that effective teachers can reach many more students if the teachers
understand the principles of learning.

To be clear, we are not saying that student learning is solely the responsibility of the teacher,
nor are we arguing that the individual differences among students are so great that teaching is
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impossible. Students are responsible for determining the best way to learn from each teacher they
have. The actions of the teacher can affect how easily students can accomplish this task as well as
their motivation and perseverance. Furthermore, teachers adapt to their academic setting so that
they develop strategies that are most likely to be effective with the students they encounter
(Daniel and Poole 2009).

Now consider what we mean by optimal learning. Teachers often define learning as scoring
well on an exam, but students can learn material well enough to make a good score on exams
and then quickly forget the material afterward. Students may apply concepts within our courses,
but fail to see any relevance beyond getting a good grade. After the course is over, they never
think about the topic again or revert to popular misconceptions. On the other hand, students
may embrace what they have learned and transform how they think about the world. These stu-
dents might contact us after the course is over to tell us that they saw or read something, and it
reminded them of our class. This latter scenario is optimal learning, the result of effective teach-
ing. How can we promote optimal learning in our courses? Essentially, teachers need to be inten-
tional in creating a learning environment based on cognitive principles that promote
generalization and application of the knowledge beyond the course—a concept referred to as far
transfer (Agarwal and Bain 2019). Teaching for transfer is one of the nine cognitive challenges in
the framework. During the course, teachers can use formative assessments and feedback to both
check and develop student understanding (e.g., Angelo and Cross 1993; Barkley and Major 2016).
The goal is to build toward authentic assessment, in which students are given a problem or
scenario that has meaningful similarities to situations they might encounter in a natural context
(Gulikers, Bastiaens, and Kirschner 2004). Feedback from authentic assessments gives teachers
feedback about the student’s level of optimal learning. Students generally cannot make the leap
from their first encounter with a concept to full understanding. Their learning needs to be devel-
oped through a cycle of formative assessment and effective feedback (Hattie and Timperley 2007;
Nicol and Macfarlane 2006). Once again, it is tempting to be satisfied with the learning defined
solely by test scores, but our goal as teachers should be optimal learning.

The cognitive framework described below is intended to help teachers achieve effective teach-
ing and promote optimal student learning. The framework is extensive, consisting of nine chal-
lenges that teachers need to consider in their pedagogy. Each challenge embodies an important
aspect of teaching. The framework shows that teaching is a complex skill that takes years to mas-
ter. Research clearly shows the importance of each aspect. While it may not be necessary to
address all aspects in an optimal manner to achieve effective teaching, each one has to be
addressed with some level of success. Perhaps, more importantly, failure in any of the challenges
can undermine teaching and learning.

The framework: the cognitive challenges to student learning1

This framework translates pedagogical research into a set of nine cognitive challenges that teach-
ers need to address in order to help students learn. Ours is not the first attempt to specify a set
of research-based principles to guide effective teaching. Rosenshine (2012), for example, listed a
set of principles for effective instruction, which includes the following: provide models, guide stu-
dent practice, and provide scaffolds for difficult tasks. These are sound advice, but they are also
open to wide interpretation. What constitutes a good model? What is the goal of practice? How
do we design good scaffolds for difficult tasks?

We believe our framework has two advantages over prior attempts. First, this framework is
composed of cognitive challenges that teachers need to address, as opposed to a set of specified
practices to follow. A cognitive challenge is a characteristic or aspect of mental processing that
can affect the success or failure of learning. Teachers must determine the effective ways to resolve
each challenge, but that solution may vary for different topics and students. Failure to navigate
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any of the challenges can undermine optimal learning. Next, the proposed framework is context-
ual; the impact of any single component is influenced by the other components (Chew et al.
2009; Daniel and Poole 2009; McDaniel and Butler 2011; Daniel and Chew 2013; Schneider and
Preckel 2017). Prior knowledge of a concept, for example, strongly influences how easily students
can learn more about that concept (Ambrose and Lovett 2014). Thus, teaching strategies that are
effective for students with rich prior knowledge of a topic may not be effective for students with
little to no prior knowledge. All teachers need to adapt pedagogy to fit their own particular con-
text. There is no single best teaching strategy for all students, topics, and situations. The proposed
framework is not prescriptive, but diagnostic in nature, and can guide adaptation of teach-
ing practice.

The framework

The nine cognitive challenges are listed in table 1, with a brief description of each that includes
the cognitive process involved and how the process can undermine learning. They are in no par-
ticular order of importance.

Each cognitive challenge will now be described in more detail, with a student example, a
description of the challenge, possible solutions for addressing the challenge, and recommended
resources and readings about the challenge.

Table 1. The cognitive challenges of effective teaching.

Challenge Description

1. Student mental mindset � Students hold attitudes and beliefs about a course or topic, such as how
interesting or valuable it will be and how capable they are to master it
through their own efforts.

� Students may believe a course is irrelevant to them or that they lack the
ability needed to learn the content.

2. Metacognition and
self-regulation

� Students monitor and judge their level of understanding of concepts and
they regulate their learning behaviors to achieve a desired level of mastery.

� Students may be overconfident in their level of understanding.
3. Student fear and mistrust � Students come to a course with a certain level of fear of taking it. Students

may interpret the teacher’s behavior as being unfair or unsupportive of
their learning, resulting in a certain degree of mistrust.

� Negative emotional reactions such as fear, or lack of trust in the teacher,
can undermine motivation and interfere with learning.

4. Insufficient prior knowledge � Students vary in how much they know about course content at the start of
the course.

� Some students may have little to no knowledge about the content, putting
them at a disadvantage compared to students with a strong background.

5. Misconceptions � Students often hold faulty or mistaken beliefs about the course content at
the start of the course.

� Students may cling to misconceptions even when taught accurate
information.

6. Ineffective learning strategies � Students can employ various methods to learn course concepts, and these
methods vary widely in effectiveness and efficiency.

� Students often prefer the least effective learning strategies.
7. Transfer of learning � Students can vary in their ability and propensity to apply course concepts

appropriately outside the classroom context.
� Students often fail to apply knowledge beyond the end of a course.

8. Constraints of selective attention � Students can focus their awareness on only a limited portion of the
environment, missing anything outside that focus.

� People mistakenly believe they can multitask, switching attention back and
forth among different tasks.

9. Constraints of mental effort
and working memory

� Students have two major limitations in cognitive processing, the amount of
mental effort or concentration available to them and the ability to hold
information consciously.

� Students are easily overwhelmed by trying to concentrate on too complex
a task, or to remember too much information.
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Challenge 1: student mental mindset
Student example. A student is required to take calculus for her major. The student dreads it
because her past negative experiences with math have convinced her that she has little math abil-
ity and hates studying math.

Description of the challenge. Mental mindset refers to the students’ attitudes, beliefs, and expecta-
tions about a course or subject (Farrington 2013; Chew 2014). Mental mindset encompasses the
teacher, course, topic, pedagogy, method of assessment, and beliefs about the likelihood of their
success in the course through their own efforts. Students come into a class with preconceived
notions of how valuable the course will be to them, how important the course is compared to
other courses they are taking, how hard the course will be for them, and what is a reasonable
workload for the course. For example, Cahill et al. (2018) found that student attitudes toward
physics predicted student learning across different topics, courses, teaching styles, and assess-
ments, even after controlling for prior knowledge.

Dweck and colleagues have explored the impact of implicit theories of intelligence on learning
(Yeager and Dweck 2012; Yeager et al. 2019). Implicit theories fall along a spectrum. At one
extreme are entity or fixed theories, which hold that intelligence or ability is set and unchange-
able through personal effort. Students with fixed mindsets see effort as a sign of weakness, and
they avoid challenges because failure cannot be overcome through effort. A fixed mindset under-
mines resilience in the face of setbacks. On the other end of the spectrum are incremental or
growth mindsets. Students with growth mindsets see intellectual ability as a malleable trait that
can be cultivated and enhanced through personal effort. Students with growth mindsets are more
likely to embrace intellectual challenges as opportunities to learn and grow, and they are more
likely to be resilient in the face of setbacks. Growth or incremental mindset is likely related to the
concept of academic self-efficacy (Zimmerman 2000), which refers to students’ belief in their own
capability to learn. Academic self-efficacy is strongly linked to learning and motivation.

In a review of the K–12 literature, Farrington (Farrington 2013; Farrington et al. 2012) con-
cluded that academic mindset was a crucial factor in promoting student engagement and perse-
verance. They identified four student beliefs that contribute to a successful mindset: (1) “I belong
in this academic community.” (2) “I can succeed at this.” (3) “My ability and competence grow
with my effort.” (4) “This work has value for me.” (Farrington 2013, 5–7) The second and third
beliefs correspond to growth mindset. The first belief reflects the importance of a sense of belong-
ingness and is related to student fear and mistrust discussed below.

Recommendations. Teachers should promote the four beliefs that constitute a successful mindset
listed above (Farrington 2013). For example, teachers should explain the value and importance of
the class to students from the first day, whether it be for their majors, careers, or for gen-
eral education.

There is good evidence that a fixed mindset can be changed to a more constructive growth
mindset through targeted interventions or effective pedagogy. The PERTS (Project for Education
Research that Scales) Lab offers a free online course for students called “Growth Mindset for
College Students” through its Web site (www.perts.net). The course takes about 30minutes and is
shown to be effective in promoting student perseverance. Yeager et al. (2016) discuss how to
design interventions for promoting a growth mindset. Active learning strategies that enhance stu-
dent achievement improve academic self-efficacy (Ballen et al. 2017). Formative assessments can
promote both growth mindset and academic self-efficacy (Yin et al. 2008). Mindset is related to
the challenges of misconceptions and to student fear and mistrust.

Recommended reading. The PERTS Lab offers a free online course for instructors called “The
Mindset Kit” that explains all aspects of growth mindset, including teaching students about
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mindset, helping students learn from mistakes, and promoting belongingness. That course and
other resources are found on the PERTS Web site (www.perts.net/).

� Farrington and colleagues (Farrington 2013; Farrington et al. 2012) have written two extensive
literature reviews on so-called noncognitive factors and their impact on learning, includ-
ing mindset.

Challenge 2: metacognition and self-regulation
Student example. A student feels confident going into the first exam in introductory psychology
because the lectures always made sense to him and the material didn’t seem complicated. He
skimmed over his notes and the textbook and was familiar with all the major concepts. He felt
pretty good taking the exam, but when he gets the exam score back, he is shocked to find he failed.

Description of the challenge. Metacognition refers to one’s awareness of and ability to regulate
one’s own thinking (Flavell 1979). Effective metacognitive awareness is like an internal monitor
that notices when a person’s attention wanes, when they have or have not mastered a concept
adequately, when their thinking is faulty, or when there are gaps in understanding. Metacognition
is the basis for self-regulated learning, which enables students to plan, apply strategies, monitor,
evaluate, and adjust their learning (Ambrose et al. 2010).

Students differ widely with respect to their metacognitive knowledge. For example, students
often have erroneous beliefs that undermine their learning, and many students are not able to
judge their own learning accurately (Morehead, Rhodes, and DeLozier 2016; Bjork, Dunlosky,
and Kornell 2013; Kornell and Finn 2016). Research also shows that students have difficulty regu-
lating their own learning.

Recommendations. To support better self-regulated learning, instructors can use reflective assign-
ments related to planning, monitoring, and adjusting one’s learning. For example, to help stu-
dents understand assignments and course expectations, teachers can ask them to explain what
they think assignments expect them to do and submit study plans for test preparation
(Winkelmes et al. 2016). To support students’ reflection and self-evaluation, Lovett (2013) recom-
mends using “exam wrappers” in which students answer questions about how they planned, pre-
pared, and studied for a test (or assignment), and what they would do to improve their learning
on future tasks.

A technique to promote more accurate judgments of their learning involves administering a
challenging practice test a week before the actual course exam. Students then use corrective feed-
back to analyze their performance and also describe how they plan to study for the upcoming
exam. This strategy is an opportunity to practice self-evaluation and use the information to adjust
their study before a high-stakes test.

Recommended reading. For an overview of metacognition research, see Girash (2014),2 For
research on how problematic metacognition can affect student learning and strategies for promot-
ing effective metacognition, see Ehrlinger and Shain (2014).3 Cerbin (2015)4 reviews strategies
teachers can use to promote accurate metacognitive awareness and self-regulated learning. Tanner
(2012)5 describes strategies to support student metacognition in undergraduate biology courses,
which can be adapted to other disciplines.

Challenge 3: student fear and mistrust
Student example. A student is the first in her family to attend college and is unfamiliar with col-
lege-level academic work and expectations. She is enrolled in the first-year English composition
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class. The instructor warns the class that the course will be hard and many of them will struggle.
When the student receives negative feedback on her first essay, she assumes the professor is try-
ing to “weed out” weak students like her. She does not seek help from the instructor and stops
going to class.

Description of the challenge. Fear is a negative emotional response to a specific, observable situ-
ation. Whether the situation poses a real or perceived threat does not matter. Anxiety, on the
other hand, is a more diffuse negative emotional response to some possible future event. Students
may have math anxiety, but they fear taking a required calculus course. Cox (2011) showed that
student fear can cause students and teachers to misunderstand each other’s actions and motives
to the detriment of student success. Students do not see the point of some required general edu-
cation or introductory courses other than to make them feel unwelcome or weed them out.
Student mistrust can cause students to see critical feedback as evidence of the teacher’s bias, hos-
tility, or indifference, and the students may simply ignore the feedback (Yeager et al. 2014). One
remedy for student fear is student trust in the teacher.

Student trust in the teacher is defined as students’ willingness to take risks based on their
judgment that the teacher is committed to student success (Chew et al. 2018). Trust can be bro-
ken down into three components: competence, integrity, and beneficence. Competence means
that the teacher is knowledgeable and sufficiently skilled to teach effectively. Integrity means that
the teacher acts truthfully, reliably, and responsibly. The teacher sets fair policies and deadlines
and sticks to them. The teacher treats students with respect. Finally, beneficence is when the
teacher’s actions, such as course assignments and grading policies, have the students’ best inter-
ests in mind. That doesn’t mean that the assignments will be easy, but that they will be worth-
while in terms of student growth and learning. Students trust that the teacher will provide the
help and resources they need.

Cavanagh et al. (2018) found that student trust predicted students’ willingness to engage in
more difficult active learning activities. Similarly, Chew et al. (2018) found that trust in the
teacher improves students’ willingness to give their best effort and take on more challenging
assignments. Fryberg, Covarrubias, and Burack (2013) found that trust in the teacher is especially
important for students from more interdependent cultures, such as Native American students,
compared to European American students.

Research shows that fear is common among students who feel vulnerable or marginalized,
such as Black students at predominantly White institutions (Guiffrida and Douthit 2010),
undocumented Latina and Latino students (P�erez et al. 2010), and first-generation college stu-
dents (Stephens, Hamedani, and Destin 2014). It is likely that fear will be more prevalent and
trust will be more important in any situation in which students feel vulnerable, such as students
who are taking courses they see as having a high risk for failure.

Recommendations. Yeager et al. (2014) found that trust significantly improved motivation and
perseverance among minority students. They used a wise feedback intervention to improve trust.
Wise feedback is when students are given feedback on an assignment, but the nature of the feed-
back conveys three messages to the student. The feedback is a reflection of the teacher’s high
standards and not bias, the teacher believes the student is capable of accomplishing those
standards, and the teacher is willing to provide the resources the student needs to achieve those
standards. Students completed an essay writing assignment for a class, and the teachers provided
critical feedback. African American students who received the wise feedback intervention were
significantly more likely to revise and resubmit their essays compared to the control group. The
effect was larger for African American students than White students who showed a nonsignificant
increase in the rate of revision and resubmission.
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Students benefit from learning about successful students who have succeeded in the program
from similar backgrounds. Stephens, Hamedani, and Destin (2014) designed an intervention
where first-generation students learned about senior students from backgrounds like theirs who
had succeeded. The students were shown how their background could be a source of strength if
they followed strategies that would help them be successful. The intervention led to a significant
reduction in anxiety and a higher GPA compared to students in the control condition.

Cognitive reappraisal interventions are easy to do and show promise in reducing anxiety and
improving learning. On the night before a major exam in general psychology, Brady, Hard, and
Gross (2018) sent students either a reappraisal message or a standard message of encouragement.
In the reappraisal message, students were told that stress before an exam is both normal and
helpful. They should see the stress as a way of helping them do their best on the exam. The
reappraisal message led to significantly higher exam scores among first-year students with high
test anxiety.

Two other factors also can reduce student fear and mistrust. Belongingness refers to the sense
that a person has social connections with a social group. A sense of belongingness within a class
is a major determinant of achievement motivation and perseverance (e.g., Walton et al. 2012).
Rapport refers to a student-teacher relationship in which the student finds the teacher warm,
approachable, and supportive of students. The teacher listens to students and is open to their
points of view. Rapport is related to positive student attitudes toward an instructor and class as
well as desirable student outcomes (e.g., Wilson, Ryan, and Pugh 2010).

To promote student trust, teachers should exhibit competence, integrity, and a commitment to
helping students learn and succeed in all aspects of the course, including the course syllabus,
course policies, lessons and assignments, grading, and interactions with students. For example, a
teacher can give a midterm course evaluation, share the results, and make any needed changes.
Teachers should explain how course decisions are grounded in fairness, integrity, and the best
interest of the whole class. To build a sense of belongingness and rapport, teachers should show
interest in getting to know the students. Teachers should be approachable, make themselves avail-
able to students, and invite students to speak with them individually, especially if the students are
doing well or doing poorly. Teachers should be respectful in student interactions and be careful
not to single any student out or show favoritism.

Recommended readings. For an extensive case study in how fear and mistrust can undermine stu-
dent performance, we recommend The College Fear Factor (Cox 2011). Both the student and
teacher may enter a class with good intentions, but fear can cause misunderstanding and miscom-
munication, leading to poor experiences for both teacher and student. For interventions that
build trust and reduce anxiety, see Yeager et al. (2014) and Brady, Hard, and Gross (2018),
respectively.

Challenge 4: insufficient prior knowledge
Student example. A student graduated from a high school that did not offer calculus. Now she
has to take calculus for her major. She is having a hard time understanding the concepts and
keeping up with the rapid pace of the class. Many of the other students took calculus in high
school. They have seen most of the concepts previously and this course is more of a refresher
for them.

Description of the challenge. Possessing accurate and sufficient prior knowledge typically facili-
tates new learning (Ambrose et al. 2010). Relevant prior knowledge is the foundation on which
new learning is built. Insufficient prior knowledge is a significant cause of learning difficulties.
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Gaps in relevant background knowledge make it more difficult to interpret, organize, and remem-
ber new information (Bransford, Brown, and Cocking 1999).

Insufficient prior knowledge may occur when students lack prerequisite courses, but a more
common cause of insufficient background knowledge is students’ lack of class preparation. More
than half of freshmen and seniors report they come to class unprepared sometimes, and an
additional 19 percent report being unprepared often or very often (NSSE 2016, 2017).

Recommendations. Students benefit from prior knowledge assignments that target relevant
knowledge for each class period. To enhance students’ prior knowledge, teachers have used online
practice quizzes before class, pre-class reading assignments with embedded questions, and in-class
review quizzes of relevant material at the start of class (Nguyen and McDaniel 2014; Stiegler-
Balfour et al. 2014; Grimaldi and Karpicke 2012; Khanna 2015).

Studies of these techniques have found that students are more likely to complete practice
quizzes and reading quizzes if they are low stakes. In these studies, teachers assigned a small
amount of course credit for completing the quizzes (Agarwal et al. 2018; Lyle and
Crawford 2011).

Recommended reading. Ambrose and Lovett (2014)6 examine the types of prior knowledge prob-
lems common in college classes. Shortcomings in prior knowledge can be addressed by promoting
the use of potent learning techniques for learning from text. Nguyen and McDaniel (2014)7 and
Stiegler-Balfour et al. (2014)8 both discuss ways to help students outside the classroom to develop
appropriate prior knowledge in their courses.

Challenge 5: misconceptions
Student example. A student who did poorly on the first exam visits the instructor. “The prob-
lem,” the student says, “is that you explain everything to us using words. I’m more of a visual
learner and not an auditory learner. You need to use more pictures and diagrams in your lectur-
ing so people like me can learn better.”

Description of the challenge. Learning involves using prior knowledge to help make sense of and
learn new information (Bransford, Brown, and Cocking 1999). When students’ prior knowledge
is inaccurate, they are more likely to misinterpret, misunderstand, or even disregard new infor-
mation. Inaccurate prior knowledge—or misconceptions—can be remarkably resistant to correc-
tion and a significant barrier to new learning (Chi 2013; Taylor and Kowalski 2014).

Misconceptions are common occurrences, formed by exposure to inaccurate information,
faulty reasoning, or by misinterpreting information (Lilienfeld 2010; Murphy and Alexander
2013). Some misconceptions are minor errors in understanding that can be corrected easily or
that students may resolve on their own. A more difficult problem is that some misconceptions
are resistant to change and significant barriers to new learning (Schwartz, Tsang, and Blair
2016b). In some cases, students appear to overcome misconceptions during a course, but then
revert back to them after the course is over (Clement 1982). The example above illustrates the
myth of learning styles, the misconception that people have a single, preferred mode of learning,
such as visual, auditory, or kinesthetic. Despite research debunking learning styles and theoretical
critiques, the myth of learning styles remains common in educational settings (Pashler
et al. 2008).

Deep misconceptions are difficult to correct, and simply presenting accurate information to
students may not change them (Chi 2013; Taylor and Kowalski 2014). Busom, Lopez-Mayan, and
Panad�es (2017) examined a variety of student misconceptions in introductory economics classes
and found
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… that exposure to an economic principles course and doing well in exams and coursework hardly seems
to affect misconceptions. This suggests that standard teaching practices may not be sufficiently effective in
having students integrate the tools of economic analysis into their reasoning processes, and consequently on
their judgments and decisions. (84)

Recommendations. Diagnostic tests can help teachers identify students’ misconceptions. For
example, Goffe (2013), Bice et al. (2014), and Busom, Lopez-Mayan, and Panad�es (2017) have
developed surveys that measure students’ preconceptions of economic principles. By identifying
the nature and prevalence of student misconceptions in their classes, teachers can be more aware
of how students misunderstand specific concepts and plan instruction accordingly.

Refutational teaching has shown promising positive results in changing students’ misconcep-
tions. In this approach, students first read refutational texts that explain and contradict their mis-
conceptions, followed next by a refutational lecture in which the instructor explicitly refutes the
misconception. Research has shown that, in some cases, refutational texts alone can prompt a
change in student misconceptions. If not, the second part of the strategy involves a lecture and
explanation by the instructor that reinforces the text and refutes the misconception (Taylor and
Kowalski 2014).

Predict-observe-explain (POE) is another strategy that can help students overcome misconcep-
tions. In this three-step strategy, the instructor first presents a problem or scenario to the class
and asks them to predict how the scenario will turn out, i.e., the outcome or result (prediction).
Next, the instructor reveals the actual results (observe) and, last of all, asks students to explain
the results and resolve any discrepancies between their predictions and the observed
results (explain).

Students who predict outcomes before observing the results of a problem or class demonstra-
tion are much more likely to grasp the underlying concepts or principles on which the problem
is based (Brod, Hasselhorn, and Bunge 2018). Moreover, students’ predictions may reveal miscon-
ceptions, which can help the teacher give immediate corrective feedback.

In the final step of a POE episode, students try to explain or justify their reasoning, choices,
decisions, and opinions, and reconcile these with the actual results of the scenario. Explaining is
a potent strategy for elaborating and revising one’s understanding (Chiu and Chi 2014).
Moreover, instructors can give targeted feedback to highlight key points or give additional exam-
ples that illustrate the relevant concepts.

Recommended readings. Chew (2005) describes the problem of misconceptions and how to use
ConcepTests and peer instruction to promote conceptual change in students. Taylor and
Kowalski (2014)9 expand on how to use refutational teaching to reduce student misconceptions.

Challenge 6: ineffective learning strategies
Student example. A student has done poorly on a test. She is upset because she wanted to do
well and studied for many hours. Her approach was to read the textbook, highlight the key terms,
and then re-read highlighted portions of the text.

Description of the challenge. Students underperform and learn less when they use ineffective
learning strategies. Research indicates that college students vary in their knowledge and use of
effective learning strategies, and often use ineffective strategies such as re-reading, highlighting,
underlining, cramming and rote memorization (Blasiman, Dunlosky, and Rawson 2017).

Students do not use effective learning strategies for a variety of reasons. For example, they
may be unaware of effective ways to study, believing that their current strategies are effective
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when they are not. They also may have difficulty changing study habits they have used for years,
even when they are aware of better strategies.

Recommendations. Teachers can instruct students in effective study behaviors as part of the
course (Chew 2014). There are many from which to choose (Dunlosky et al. 2013; Weinstein,
Sumeracki, and Caviglioli 2019), and teachers can select strategies that fit their learning context.
Furthermore, teachers can incorporate effective learning strategies such as elaboration and
retrieval practice into their course activities. Using effective strategies as part of the course
exposes students to them and gives them an opportunity to practice them and potentially
adopt them.

Three strategies—practice testing, spaced practice, and self-explanation—have all been used
successfully to improve student learning in a variety of courses (Dunlosky et al. 2013). Rawson,
Dunlosky, and Sciartelli (2013) combined practice testing and spaced practice in an introductory
class. During the semester, students took practice quizzes that were spaced apart to optimize
learning. Quiz questions from early in the semester were repeated later in the term so they prac-
ticed multiple times. Students in the practice quiz section of the course scored more than a letter
grade higher than students in the no quiz course section. In a statistics course, instructors gave a
low-stakes quiz at the end of every class period. Exam scores were substantially higher in the
low-stakes quiz section of the course than in a no quiz section. Moreover, students liked the pro-
cedure and believed it increased their learning (Lyle and Crawford 2011). In a study of self-
explanation, medical students, who were prompted to generate self-explanations of cases were
better able to diagnose unfamiliar cases than students who were not instructed to generate self-
explanations (Chamberland et al. 2011).

Recommended reading. There are many good resources for improving student learning strategies.
Dunlosky and Rawson (2015),10 for example, wrote a teacher-ready review describing how to
combine practice quizzes with successive relearning in a large introductory course. For informa-
tion about the theory, research, and classroom applications related to the strategy of retrieval
practice or self-testing, see Pyc, Agarwal, and Roediger (2014)11 or Weinstein, Sumeracki, and
Caviglioli (2019). For a similar discussion of spaced practice, see Carpenter (2014),12 and for self-
explanation, see Chiu and Chi (2014).13

Challenge 7: transfer of learning
Student example. In a research methods course, the teacher is surprised to find that students are
not sure what standard deviations are. He knows that all the students have completed a statistics
course that covered standard deviation because it is a prerequisite for research methods.

Description of the challenge. Transfer of learning, in which students apply what they have learned
appropriately in novel contexts, is the gold standard of learning. All teachers want students to
retain and use the information gained in a class after the final exam is completed, and beyond
the immediate classroom context. Transfer, however, remains a difficult and elusive goal to
achieve, with many approaches and only limited successes (Barnett and Ceci 2002; Day and
Goldstone 2012). Much knowledge gained in courses remains inert; it is not accessed or used
beyond the immediate context in which it was learned (Bransford, Brown, and Cocking 1999).

The theme of enhancing transfer is a longstanding issue in learning science (e.g., Perkins and
Salomon 2012). What is clear is that teachers cannot take transfer for granted, even if students
score well on exams. When students learn a concept, there is no assurance that they will then
spontaneously apply this concept beyond the course context. Teachers should consider how to
design pedagogy to promote transfer to relevant contexts. Researchers distinguish between near
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and far transfer (Agarwal and Bain 2019). Near transfer is learning a concept in one context and
applying that knowledge in a similar context. Far transfer involves learning a concept in one con-
text and applying that concept appropriately in a different context. For example, the first author
teaches behavioral statistics. Toward the beginning of the semester, we cover the computation of
standard deviations. Later in the course, students need standard deviations to compute a
correlation. When a problem gives only raw data, some students invariably ask how they are sup-
posed to compute the correlation without being given the standard deviation. They fail to apply
their knowledge of how to compute standard deviations. That is a failure of near transfer. Later
in their education, students take research methods. If students can interpret standard deviations
based on their statistics course, it is an example of successful far transfer.

Recommendations. There is no guarantee of transfer, especially far transfer, but several teaching
practices have been shown to promote at least near transfer. Teachers should use expansive fram-
ing, in which students play an active role in constructing and applying information (Engle et al.
2012). As part of expansive framing, teachers should model how they think about concepts and
apply the concept to authentic examples. They should avoid bounded framing, in which students
receive cut-and-dried information to learn. Teachers should present concepts in a way that is
similar to how they expect students to use and apply the concepts—a process called transfer
appropriate processing (Morris, Bransford, and Franks 1977). The nature of feedback the teacher
gives to students after assessments is also critical for learning and transfer (Hattie and Timperley
2007; Nicol and Macfarlane 2006).

Retrieval practice, having students retrieve and apply information, is an effective means of pro-
moting transfer, especially when the retrieval events are spaced over time (Agarwal and Bain
2019). The testing effect, in which students learn by taking frequent, typically low-stakes, tests
over material, is also an effective means of enhancing transfer (Son and Rivas 2016; Veltre, Cho,
and Neely 2015), although the kinds of questions used to test knowledge are important. The
questions should promote reasoning and application in novel, but still similar, contexts. Both
retrieval practice and testing can be accomplished through formative assessment, which means
that assessment can be designed to both measure and promote learning. Sequences of examples
also can promote transfer. Specifically, teachers need to design a sequence of examples that varies
the superficial aspects of the examples, such as the setting or storyline. The variation of the super-
ficial context forces students to pay attention to the underlying structural concepts common to all
the examples (Butler et al. 2017).

Recommended reading. Perkins and Salomon (2012) offer a review and synthesis of current theo-
ries of transfer. They summarize the work on transfer into three stages: detect, elect, and connect.

Challenge 8: constraints of selective attention
Student example. During class, an instructor walks around the room and notices that many stu-
dents are on social media or other Web sites not related to the class. When the instructor points
this out, the students indicate that it is not a problem. They often multitask in class and also out
of class when they study, and it doesn’t interfere with their learning.

Description of the challenge. Attention is intentional, focused awareness of any external or
internal stimulation. It is vital for learning. We learn very little unless we can focus and sustain
attention on the learning tasks before us. Unfortunately, we have limited capacity and imperfect
control of our attention. We are susceptible to distractions from extraneous sources, and we have
difficulty sustaining attention over long periods of time. In addition, we cannot shift our attention
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instantaneously. We are apt to miss information during transitions when we engage or withdraw
from a task (Gazzaley and Rosen 2016).

These constraints pose major challenges for learning. Whenever attention is split or divided
between two or more sources of information, learning generally suffers. An especially prominent
attention problem is media multitasking. Numerous studies have found that many students
engage in nonacademic activities such as texting, social media, and scanning Web sites during class
and while studying (McCoy 2016; Hora and Oleson 2017). Multitasking has a negative effect on the
efficiency of learning, the quality of students’ work, and is associated with lower grades (Glass and
Kang 2019; Patterson 2017; Ravizza, Uitvlugt, and Fenn 2017; Fried 2008; Levitin 2014).

In addition to multitasking, teachers introduce distractions when their instruction is poorly
organized or when they present extraneous information unrelated to the topic at hand. Poorly
organized instruction can confuse students about where they should focus their attention. Some
studies have shown that instructors’ attempts to pique students’ interest and capture their atten-
tion can backfire. When these episodes are unrelated or tangential to the material at hand, stu-
dents may focus on the “seductive details” rather than relevant content (Rey 2012). The point is
that many things can distract students, and a basic teaching challenge is to reduce distractions
and help students manage their attention on the academic tasks at hand.

Recommendations. To help manage students’ attention in class, teachers can adopt a policy to
reduce distractions from media multitasking during class (May and Elder 2018). In addition,
teachers can:

� help students become aware of how multitasking will make learning harder, not easier.
� take short breaks between topics during long classes.
� re-orient students to the topic and what they should focus on throughout the class.
� have only one, easily identified, point of focus at a time during class.
� identify any of their habits or tendencies that may contribute to distractions in class.

Recommended readings. Willingham (2010) explains the cognitive nature of multitasking in a
short animated video. Gazzaley (2017) explores the neurological basis of attention in a one-hour
lecture. Students often believe they are good at multitasking, and this mistaken belief is a major
obstacle to effective studying (Chew 2014). Kuznekoff, Munz, and Titsworth (2015) examined the
impact of texting and Twitter during lecture on student learning.

Challenge 9: constraints of mental effort and working memory
Student example. To understand the experience of poverty, students take part in an elaborate
poverty simulation. Each student in a class is assigned a role with a certain income, assets and
liabilities, home and family situation, and life history. The simulation takes place in rounds where
the students have to make choices for themselves and work with others in response to some
event. The students enjoy the simulation, but they learn little about poverty because it took all
their effort and concentration to keep up with their assigned roles and all the rules and back-
ground information.

Description of the challenge. A major obstacle to learning is cognitive overload, which occurs
when the demands of learning exceed the students’ cognitive capacities and resources. When stu-
dents are overwhelmed by information, they learn little. Overload is a common occurrence
because we can process only a limited amount of information at one time, and information that
is not processed adequately is quickly forgotten (Chandler and Sweller 1991).
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A major source of cognitive load is the amount of new information presented during a class
(Schwartz, Tsang, and Blair 2016a). Teachers speak at a rate much faster than students can write
(Piolat, Olive, and Kellogg 2005). Studies indicate that students’ lecture notes include less than half
of the main ideas from a class period (King 1992; Kiewra 2002; Armbruster 2009). Faculty with
years of advanced training often suffer from the Curse of Expertise (Hinds 1999). They no longer
remember what it is like to be a novice learner. Thus, they underestimate the amount of time stu-
dents need to learn a concept and overestimate the quality and completeness of their explanations.

Cognitive overload is triggered by two major limitations on learning in the human cognitive
system. The first is a limitation of mental effort, which is part of attention. The second is the lim-
ited capacity of working memory, which can hold only a small quantity of new information.

Mental effort is a limited cognitive resource; there is always an upper bound on how well a
person can concentrate. That boundary fluctuates depending on factors such as arousal or sleep
deprivation, but there is always a limit. Cognitive load refers to the amount of mental effort a
person must devote to a task to accomplish it. Some tasks have a low cognitive load, such as
chatting with friends, and some are challenging, such as taking a major exam. People can distrib-
ute their mental effort across multiple tasks as long as the total cognitive load of all the tasks
does not exceed their available mental effort. If the cognitive load exceeds the available mental
effort, then performance degrades. For example, in good weather, a skilled driver can easily drive
and chat with a passenger. In a heavy rainstorm, driving takes full concentration, and the driver
will likely not want to chat with a passenger because it would take away mental effort from driv-
ing. Even a small reduction might affect driving performance.

Sweller and associates pioneered the study of cognitive load and its impact on learning in
Cognitive Load Theory or CLT (Kirschner, Sweller, and Clark 2006; Paas, van Gog, and Sweller
2010; Sweller, van Merri€enboer, and Paas 2019). Each student has a limited amount of mental
effort. The cognitive load imposed by the concepts to be learned and the pedagogy used must be
less than the students’ available mental effort. If the cognitive load exceeds available mental effort,
then the students will be overwhelmed and will not learn, even if the concept is within their abil-
ity to master.

Some concepts require a great deal, if not all, of available mental effort to master, such as
understanding statistical significance testing (Paas, van Gog, and Sweller 2010). Different kinds of
learning activities also contribute to cognitive load. When the presentation is fast-paced or disor-
ganized, and when there are frequent distractions, cognitive load is higher (Schwartz, Tsang, and
Blair 2016a). Finally, any distractions such as jokes, stories, asides, and clip arts on the part of the
teacher that have nothing to do with learning relevant concepts also add to cognitive load. The
total of all sources of cognitive load cannot exceed the available mental effort for each student, or
the student will not learn. The challenge is to reduce or manage cognitive load to allow learning
to occur (Clark, Nguyen, and Sweller 2006).

Working memory (WM) is a major constraint on learning because it has a limited capacity to
hold information, about four chunks of information, and the duration is brief, about 15 seconds
or less without rehearsal (Cowan 2010; Weinstein, Sumeracki, and Caviglioli 2019). Trying to
process more than four chunks in WM will result in the rapid forgetting of at least some of the
information. When students are studying a textbook, they often cannot remember the topic they
read just a few minutes before. Furthermore, processing fewer than four chunks in WM does not
ensure remembering.

Recommendations. Teachers have to balance the effectiveness of a teaching method or activity with
the risk of overwhelming students with cognitive load. Clark, Nguyen, and Sweller (2006) outline a
number of strategies for reducing cognitive load and making learning more efficient. For example,
teachers should give students multiple opportunities to think about and apply concepts, both within
a course and within a curriculum. The more often students use and apply information, the less
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cognitive load will be required to think about that concept, a process called automaticity. Teachers
can solicit feedback from students to find out whether students are able to process the material
adequately. For example, graduate students in a course on science teaching identified more than 30
ways to reduce unnecessary cognitive load related to lecture organization, slides and graphics, the
instructor’s projected notes, and the classroom atmosphere and pace (CWSEI 2015).

Teachers can improve coherence and reduce cognitive load by making the organization of
their lectures explicit, building on prior knowledge, identifying connections among topics
throughout the lecture, and segmenting the material into manageable and meaningful chunks.
Kiewra (2002) found that students are better able to follow a lecture if they have a schematic out-
line with major headings, concepts, or questions to guide their notetaking.

Students expend a lot of effort trying to force information through the WM bottleneck into
long-term memory. There are two ways of dealing with the WM bottleneck: chunking and
dual coding.

WM capacity is measured in terms of chunks, which is information that is so highly organized
and cohesive that it acts as a single unit in WM (Weinstein, Sumeracki, and Caviglioli 2019).
Experts have bigger chunks of information than novices, which helps them get more information
through WM and learn faster. It is the difference between memorizing a random string of letters,
such as “P-T-M-A-O-P-I-H-O-S-U-P” and memorizing the same string of letters arranged to spell
a familiar word, such as “H-I-P-P-O-P-O-T-A-M-U-S. Novices, such as students in introductory
classes, have a hard time learning new information because they are unable to form large chunks.
Teachers can help by presenting information in coherent chunks (Gobet 2005). Teachers can
emphasize the overall relatedness of component concepts through concept maps or other dia-
grams. Teachers should try to avoid presenting information as a series of unrelated facts for stu-
dents to master.

WM can hold two different kinds of information simultaneously: phonological or verbal infor-
mation and visuospatial information such as diagrams and illustrations (Weinstein, Sumeracki,
and Caviglioli 2019). People can hold more information in WM if some can be held verbally and
some as images. Furthermore, presenting information in both verbal and visual modes increases
learning, known as dual coding. Teachers can take advantage of dual coding in their presenta-
tions, presenting information in multiple modes. However, the different kinds of information
have to be coordinated with each other to prevent extraneous cognitive load. Mayer (2014) has
developed a theory of multimedia learning that can guide teachers in the design of effective
presentations.

Recommended reading. There are abundant online sources of information about Cognitive Load
Theory and its implications for education. Shibli and West (2018) provide an overview of how
CLT is applied to the classroom. The Center for Education Statistics and Evaluation (CESE) in
Australia has a set of free resources on CLT, including two monographs about CLT and its impli-
cations for teaching (CESE 2017, 2018). To learn more about Mayer’s Theory of Multimedia
Learning, see Mayer (2014). For a review of research relating to the effective design of presenta-
tion software slides, see Fisk (2019).

To learn more about WM and its implications for education, read the online booklet,
Understanding Working Memory: A Classroom Guide, by Gathercole and Alloway (2007).

Putting the framework into practice

Implications of the cognitive framework

The cognitive framework has important implications for how we design, implement, and evaluate
teaching. Fundamentally, it highlights the interaction among different aspects of the learning
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context. No single aspect stands alone in determining student learning. For example, greater prior
knowledge reduces cognitive load, increases the likelihood of using effective learning strategies,
reduces fear of learning, and enhances mindset. Ineffective learning strategies increase confidence
without increasing learning, causing poor metacognition, and may make students less likely to
overcome misconceptions or transfer accurate information. Furthermore, the contextual frame-
work asserts that there is no single best teaching method across all situations. What works at a
small liberal arts college may not work at an open-enrollment university. There will be semesters
when a teaching method that usually works well does not work. There will be times when the
learning activity that worked so well in the 8:00 am section falls flat in the 9:00 am section of the
same course. For any teaching method, there are conditions under which it is less likely to be
effective, regardless of how well-implemented (Fiorella and Mayer 2015; Yeager et al. 2019). For
example, practice testing is effective in many circumstances but tends to be ineffective when stu-
dents do not receive corrective feedback on their practice tests and when practice test questions
and exam questions cover different material (Fiorella and Mayer 2015). The contextual framework
does not, however, assert that all teaching methods are equal. We judge the effectiveness of peda-
gogy based on its robustness, i.e., its effectiveness across multiple contexts. For teachers, there are
teaching methods with a higher likelihood of success in their teaching environment, but no peda-
gogy will work all the time.

The framework reveals the cognitive complexity of effective teaching. No teaching method can
simply be implemented and assumed to be effective. Just because students have completed an
activity or an assignment, we cannot assume they have learned what we intended. Any teaching
method can be implemented badly and will not be effective. On the other hand, teachers with a
deep understanding of how students learn are more likely to be successful in designing effective
pedagogy across different contexts. To ensure that their pedagogy is effective, teachers should
constantly assess student learning and make adjustments based on the feedback. They should
have a ready collection of methods they can draw upon to address different cognitive challenges
to replace or augment methods that are not proving effective. A teacher may teach two sections
of the same course using the same textbook, syllabus, topic outline, and teaching materials, but to
optimize learning, the teacher may have to teach the courses quite differently.

We note that this is a cognitive framework examining the challenges of various mental
processes. It does not address social and emotional factors in learning, although these factors are
implicit within several of the cognitive challenges, such as mindset and student fear and mistrust.

How to use this framework

The framework asserts that effective teaching is a matter of managing a nine-way dynamic inter-
action. Furthermore, several of these aspects, such as prior knowledge and cognitive load, are out-
side the direct control of teachers. Teachers need to monitor and manage all of the challenges
and their interactions to bring about student learning. Teachers can use the cognitive framework
in multiple ways.

Teachers can use the framework to adapt their teaching methods to their classroom context.
Whatever teaching method teachers choose to use, they should consider each of the challenges
because each one can affect student learning. Not surprisingly, some teaching practices are com-
mon across teaching approaches because they can address one or more of the cognitive chal-
lenges. For example, virtually all pedagogies make use of worked examples to help student
learning (Chi et al. 1989). Within the framework, examples can be designed to enhance learning
strategies, correct misconceptions, or promote transfer, depending on what is most needed by stu-
dents. Feedback is another common feature among teaching methods. Feedback can be formu-
lated to improve metacognition, build student trust, or promote a growth mindset, depending on
what is most needed by students. Finally, formative assessment is another common element
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across teaching methods. Often faculty use formative assessment, like “clicker” questions, because
intuitively it seems like a good idea. The framework helps teachers be more intentional in design-
ing formative assessments to target specific cognitive challenges.

The framework shows that teaching for the first time is a daunting challenge for early career
faculty. Despite the challenge, new faculty are often able to teach relatively well, based on their
own academic experiences. The framework predicts an improvement of teaching skill with experi-
ence, and the framework can help with that development. The framework does argue for better
preparation for teaching in graduate programs and ongoing professional development in teaching
throughout the career.

When considering innovations such as a new educational technology, teachers can consider
which components of the framework the technology will help address and if the technology is an
improvement over current practice. The same holds true for trying new teaching methods such
as problem-based learning or flipped classroom.

When problems arise during teaching, teachers can use the framework to diagnose and address
obstacles to student learning. For example, if the problem is inadequate prior knowledge, the
teacher might implement supplemental instruction. If the problem is poor metacognition, the
teacher might use formative assessment to give students feedback about their level of understand-
ing. However, if a teacher tries to help students by correcting their poor learning strategies and
the problem is with misconceptions and prior knowledge, the approach will be unsuccessful.

The framework can be used in formative and summative evaluations of teaching. In self-
evaluations, teachers can explain how they are addressing each component of the framework.
For peer evaluations of teaching, the framework can help structure constructive feedback.
Teachers can be evaluated on how well they meet each cognitive challenge and how well they
adapt to the dynamics of the classroom.

Teachable moments

When all the challenges are successfully met, the result is optimal student learning—learning that
is enduring and primed for generalization beyond the course. The goal of successful teaching is
achieving optimal learning in as many students as possible, especially the ones who had little ini-
tial interest in the course. The concept of the teachable moment can help teachers navigate the
cognitive framework to try to achieve optimal learning. We define a teachable moment as the
point when optimal learning becomes possible in an individual student (Havighurst 1953). Below
are the components of a teachable moment. The cognitive challenges that are addressed by each
component are in parentheses. Teachable moments occur when students:

� Become aware of gaps or errors in their knowledge (Metacognition)
� See the value of correcting it (Mindset)
� Have a trusted source of accurate information (Student Fear and Mistrust)
� Believe they can master new understanding given sufficient effort (Mindset)
� Have sufficient mental resources to attend to that source (Selective Attention, Mental Effort)
� Have sufficient prior knowledge to comprehend information (Prior Knowledge)
� Recognize when they have mastered the new understanding (Metacognition)
� Rehearse new information for long-term recall (Learning Strategies)
� Prime new information to be recalled appropriately and be preferred over misconceptions

(Misconceptions, Transfer)

Effective teaching brings about teachable moments for as many students as possible. Teaching
skill involves knowing how to bring about teachable moments for a particular set of students,
how to identify them when they occur, and how to make the most of them.
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Can students still learn even if not all conditions for a teachable moment are met? The answer
is yes. As noted before, some students are primed and motivated to learn and can achieve optimal
learning with minimal support. Other students, however, can still learn, but that learning may be
suboptimal. If they use ineffective study strategies, their learning may be transient. If they hold
misconceptions, they may revert to the misconceptions after the course is over. If they fail to
transfer their learning, they will not use what they have learned beyond the immediate course. If
they lack sufficient prior knowledge to master course concepts, they may resort to rote memoriza-
tion without understanding. If they have poor metacognition, they may blame the teacher for
being devious and unfair, and failing to teach effectively. If they are overwhelmed by cognitive
load, they may simply try to complete activities without gaining any knowledge. If they have fear
and mistrust, they may seek the simplest way of passing the course and hope never to take
another course in that topic or from that teacher again.

Concluding comments

In this article, we have proposed a research-based framework to guide development of effective
teaching. The framework consists of nine cognitive challenges that have to be addressed for opti-
mal student learning to occur. The proposed cognitive framework is contextual in nature, with
each challenge influencing and being influenced by the others. The framework has important
implications for the nature of teaching. Bain (2004), in his study of master teachers, described
these implications:

We must struggle with the meaning of learning within our discipline and how best to cultivate and
recognize it. For that task, we don’t need routine experts who know all the right procedures but adaptive
ones who can apply fundamental principles to all the situations and students they are likely to encounter,
recognizing when invention is both possible and necessary and that there is no single “best way” to
teach. (174–75)

The framework does not promote a specific pedagogy or technology but outlines critical issues
teachers need to consider regardless of the teaching approach. Teachers need to assess the state of
each of the cognitive challenges and adapt pedagogy to address the current classroom context.
The framework can help guide that adaptation. Teaching is a constant process of context-specific
adaptation with the goal of bringing about optimal student learning.

Notes

1. For each challenge, first the cognitive process involved is described and then the situation where the
cognitive process can undermine learning.
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3. See pp. 142–51: http://teachpsych.org/ebooks/asle2014/index.php
4. https://www.uwlax.edu/catl/guides/teaching-improvement-guide/how-can-i-improve/metacognition/
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