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Summary Points

Resear ch on the effectiveness of teaching

thinking skills has:
?shown promising results.

?led to more informed questions.

Current questions about teaching thinking

are concerned with:

?teaching generic vs. situated thinking skills.

?the degree of explicitness of teaching skills.

?how to encourage use of the skills beyond the
initial learning situation.

Which approaches appear most helpful in

teaching mathematical and scientific

thinking?

?explicitly attending to thinking processes.

?teaching of, for, and about thinking.

?centering learning around opportunities for
thinking in the curriculum.

?attending to motivationa aswell as cognitive
factors.

?valuing thinking in the cognitive economy of
the classroom.

What thinking skills arerelevant to science and math?

Doesthe direct teaching of thinking skills benefit children's

math and science learning?

"Think!" cries a science teacher to a student who stares
blankly at lab data. "Think, | know you candoit!" a
mathematics teacher says, trying to persuade a group of
students faced with a complex word problem. The students
respond by furrowing their brows and creating an
appearance of deep concentration, but what is going on in
their minds? Students do need to be able to think about what
they learn. However, it takes more than exhortations or
encouragement for students to be able to learn what good
thinking in math and science looks like. We need to help
them understand what it looks like and learn how to use
good thinking. This essay explores what the research tells us
about effective mathematical and scientific thinking and how
to help students learn it.

What should an effective scientific or mathematical
thinker be ableto do?

Of the thinking skills recommended by educational experts,
many are central to mathematical and scientific thinking ?
for example, predicting, hypothesizing, information
gathering, decision making, problem solving,
comparing/contrasting, organizing, analyzing, inferring, and
evaduating.! The Nationa Council of Teachers of
Mathematics cdls for thinking skills such as conjecturing,
thinking through novel situations, problem-solving,



gathering evidence, building convincing arguments, and
anayzing graphs? The American Association for the
Advancement of Science claims that students must learn to
evauate competing scientific claims in order to function well
in our society.® Thus, there is considerable agreement that
thinking skills are an integral part of science and
mathematics.

Do we need to teach thinking skills directly for studentsto
learn them?

Despite the importance of thinking skills to science and
mathematics, it is vaid to ask, "Do we realy need to teach
thinking skills? Won't students learn them anyway?' After
al, some will argue, "Isnt it possible that students will learn
to think on their own when presented with the proper sorts of
problems?' The research evidence suggests that most
studentswill not learn thinking skills without explicit
attention to heping them do s0.* In fact, people often
display patterns of wesk thinking.®> For instance, people
often fail to fully examine cases that are on the opposite side
of an argument than one's own, and people often look for
solutions to a problem before one has fully explored the
nature of a problem.® People find certain types of reasoning
to be difficult, such as making judgments involving eements
of uncertainty or considering the influence of bias.” Clearly,
if we want students to be good thinkers, we need to pay
explicit attention to helping them learn what good thinking
looks like and how to do it rather than just engaging children
in thinking tasks.

Can thinking actually be taught?

Studies on the teaching of thinking show that, "elements of
thinking are clearly teachable."® There has been some
success in teaching deductive and inductive reasoning,®
metacognitive strategies (thinking about thinking),° and
problem solving.** For instance, a pair of researchers taught
the patterns of thinking in science, such as the isolation and
control of variables. Students focused on examining their
assumptions, metacognition, and transferring of knowledge
and strategies between contexts. Performance for many
students on math, science, and English achievement tests
significantly improved and persisted when measured again two
years later.*? Another researcher successfully taught heuristics
for mathematical problem-solving. Students performed
significantly better. When explicitly taught to self-monitor
their thinking, students approached problems more
systematically and thoughtfully. They were more likely to sort
mathematical problems according to the deep structure (as
experts do) than based on surface similarities (as novices do)
than other students.*® In another study, effortsto help
students develop arguments that more fully explore the case
opposite their own demongtrated marked improvement on
that particular measure.**

While the teaching of thinking appears promising, reviewers
of severa studies caution that some findings can be difficult
to interpret.® For instance, some research was conducted by
the creator of the thinking skills program; some studies have
inadequate control groups; and others fail to examine long-



term benefits of training and the gpplication of the training to
other areas. The success of the programs depends on many
implementation-specific variables, such as the qudlity of the
teaching, administrative support, appropriateness of the
program for the population taught, and the extent of
implementation.

What are the best ways to teach thinking?

While thinking can clearly be taught, questions remain about
the best ways to do so: 1) Should educators teach thinking
skills that are situation-specific, that is, applicable to a given
context and well-suited to that context, but not broadly
applicable? Or should they teach generic rules, that is,
generd rulesthat can be applied less exactingly to avariety
of circumstances?, and 2) How can educators help students
learn to use skills beyond theinitid learning Situation ? to
"transfer” the skills? These questions are related and each is
explored in turn below.

1. Stuation-Specific or General Rules? Theissue hereis
whether educators should teach rules as they emerge from
and are shaped by a given context or whether they should
teach generd rules that could then be applied in a variety of
circumstances. For instance, a science teacher could teach
how to analyze fossil evidence as a situated-thinking skill.
This means that she would teach students how to analyze
fossil evidence by asking questions specific to the Situation,
such as where the fossils were found, what materials they
were found in, and how they were arranged. Or that same

teacher could conduct a lesson on what is generally involved
in analyzing evidence and could teach a series of steps for
doing so. She would teach students to ask general questions,
such as where the evidence comes from, what patterns and
relationships can be construed from it, and what sources of
error might exist in the information and in possible
interpretations, and so forth.

Thisis amore difficult issue than it appears at first glance.
While researchers have expressed cautious optimism about
the teaching of generic thinking skills!’ some reasoning
appears to be fairly domain-specific ? the patterns of
reasoning displayed by experts look quite different from
those of novices.?® There are many different levels of skills
to teach, from very genera to very Situation-specific. Which
level ismost helpful to students depends alot upon the
circumstances.

Some generd skills apply very straightforwardly and

usefully to science and math Situations; but some science and
math situations require more speciaized kills. Situation-
specific skills are often specialized versions of more
generdized kills? so knowing the more general skills can
be a step towards learning the specialized ones. In
approaching anew problem ? one with which you have little
Situation-specific knowledge to draw upon ? generic
approaches often provide an entry point for thinking about
the problem.

Teaching only generalized skills presents problems of how to



"transfer” or use the information in different sets of
circumstances. Also, teaching generic skills often becomes
an add-on in an adready crowded curriculum, thus competing
for valuable learning time. (One way to address thisissueis
to use generic thinking skills to think about curriculum
content as away of building understanding.® This
"infusion” or "thinking-centered" approach is discussed
further below.)

Given these issues, it seems sensible to strike a balance
between situated and generic thinking skills so as to reap the
benefits of each as much as possible. Whether generic or
situated, explicit attention to skills ensures that students learn
them. 0

2. What about transfer? Another issue in the teaching of
thinking has to do with the problem of transfer or how to get
students to use what they know beyond the initial set of
circumstances in which they learned it. Transferring

thinking skills to new stuationsis criticd if thinking skills
areto have any rea and lasting effect on learning. Critical as
itis, transferring skillsis not easy. Research shows that even
when students are able to demonstrate mastery of certain
skills, they are unlikely to transfer these skills to new areas of
learning on their own.?* However, students are able to apply
the skills when their performance is "scaffolded” or explicitly
supported.?? Teachers who help students transfer
information from thinking skills programs to other areas are
more likely to see gainsin those areas.?® Students need help
"bridging" or making outreaching connections to new

material .4

Educational researcher David Perkins makes a distinction
between two types of transfer, "low-road" and "high-road
transfer."?®> Teachers should attend to helping students with
low- and high-road transfer depending upon the situation.

Low-road transfer has an automatic, reflexive qudlity.
Routines that are well-practiced are automatically triggered
in Situations where there is a great deal of similarity between
the two contexts. Examples of this type of transfer are using
video game sKills learned in one game in anew game or
using reading skillsin science.?

High-road transfer requires reflective thinking and direct
attempts to make connections. The student learns
something, abstracts the principles from it, and then appliesit
elsewhere (forward-reaching) or searches in memory for
matches (backward-reaching). Deeper analogies are sought
? looking past surface smilarities, for instance, noticing that
different systems of measurement each have a feature called
a standard of measure and that these serve a smilar purpose
despite surface differences in the systems. People are not
particularly good at noticing andogies?” They need help
finding them as well as seeing how some are better than
others.28

Students are more likely to transfer thinking skillsif they are
motivated to use the skills they have learned, if they see the
value of the skillsin their own lives. Greater thoughtfulness



should be rewarded with deeper, more useful understanding.
Unless the rewards are clear, students won't be inclined to
use the kills.

What should educator s do about teaching thinking based
on the available research?

Research on thinking has led to more informed and
encompassing approaches to teaching thinking. For
instance, there isincreasing recognition of the need to teach
for, of, and about thinking.?° To teach for thinking means
that the environment encourages thinking. The teaching of
thinking involves the direct teaching of thinking skills.
Teaching about thinking means helping children to
understand information about our thinking processes, what is
known about brain function, for example ? providing the
rationale for particular approaches.

? Teaching for thinking. Teachers can create environ-
ments that encourage good thinking. The classroom
practices that form the rituals, pace, and habits of a
classroom have been shown to increase student
achievement.®® The "cognitive economy™3! of the
classroom has to vaue higher-order thinking. This
means. time is made for thinking; degp understanding is
valued over coverage of material; opportunities are taken
to explore examples of thinking processes; and naturaly
occurring problems are capitalized upon to explore
thought. For example, when the class needs to make a
decision together, the steps for good decision-making are

used. Or when a disagreement erupts, the parties work
together to evaluate evidence on each side of the
argument. Or when a teacher poses a question, she
pauses to give students time to think, which increases the
number of thoughtful, higher-order responses®? and
rewards thoughtfulness rather than impulsivity.

Research shows that teachers' responses to students
influence student behavior more than telling students

what to do.3® Teacher responses, or enabling behaviors,
linked to student achievement include: asking higher-

level cognitive questions?* modeling one's own thinking
out loud so that students see their teacher engaged in
thinking,3®asking students to elaborate on comments* or
to clarify their ideas®” Asking studentsto clarify their
ideas has been shown to increase metacognitive
awareness ? students ability to think about thinking.3®

? Teaching of thinking. Thinking-centered learning or
"infusion” approaches help address the issues of transfer
and situated versus generic learning of skills. This
gpproach uses thinking skills to teach curriculum content.
Teachers and students learn to identify "thinkpoints' in
the curriculum ? places where using the skills of good
thinking will help them to think and learn the curriculum
content more deeply. For example, one would look for
"decision points," "evidence eva uation points,” or "cause
and effect points' ? placesin the curriculum where a
decision needs to be or has been made, evidence exists



that needs to be or has been evaluated, or atracing of
patterns of cause would illuminate or has illuminated a
certain set of events. Then a generic thinking skill is
explicitly taught using the content of the curriculum.®
The generic thinking tool helps students think in order to
learn more deeply and the specific Situation provides a
context to teach a general skill that will be useful
elsawhere. As students use the skillsin different
stuations, they begin to learn the nuances of how
particular applications transform the generic sKill.

What would a thinking-centered lesson look like? Let's
explore an "evidence evauation point" as an example. At
the point in the curriculum when the story of Copernicus
is taught, a class could delve in deeply using the skills of
evidence-evaluation to consider what evidence existed at
the time and the reasons and beliefs that gave rise to the
events that transpired. Students would evaluate evidence
on both sides of the case, consider sources of possible
bias that influenced people at the time, and so forth.
Teachers would explicitly teach steps and/or criteria for
doing agood job evauating evidence. Using the thinking
skill well, in this case, evaduating evidence fairly, often
pushes students to seek out more information and paves
the way to deeper understanding. Rather than arandom
gathering of facts, students are informing a certain set of
questions ? leading to a thoughtful, more connected
search. Teachers then attend to helping students transfer
the thinking skill to other Stuations. Students could
consider what current scenarios exist in which a scientist
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takes a bold, perhaps unpopular, stance and the
population reacts in such away that evidence on both
sides of the case should be carefully evauated.

Thinking-centered learning aso provides opportunities to
examine misconceptions about thinking and pitfalls of
poor thinking. For instance, good scientific thinking
entails an openness and appreciation for new ideas
balanced with a skepticism and appreciation for logic and
evidence. However, people often fail to be as open-
minded about evidence on the side of a case opposite
their own. Students would consider how this pitfall
contributed to the events in the Copernicus story.

? Teaching about thinking. Teaching about thinking helps

to deal with issues of relevance and motivation. If
students understand why a certain technique worksin
light of what we know about the memory process and the
anatomy of our brains, it supports their tendency to use
the technique. 1t encourages metacognition or a greater
self-reflectiveness about one's thinking processes. This
should result in deeper salf-understanding.

What does teaching about thinking look like? For
instance, if ateacher wanted students to understand the
importance of making connections in helping them to
remember what they've learned, she might do the
following. She could first give out alist of science words
or math equations that have little relationship to each
other and give students a certain amount of time to
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memorize them. After seeing how many they can recall,
she would then give a second list, one where students will
find it easier to draw connections between the concepts,
and give students the same amount of time to memorize
them. After seeing how many they can recall, students
could compare their performance on each list and the
strategies they used in each instance.

In summary, the research on the teaching of thinking has
helped to raise some important issues. There are important
thinking skills embedded in science and mathematics that
need to be taught explicitly or students will not learn them.
Teachers should use a combination of generic and situated
skills so that students have a set of skills to approach novel
problems but aso understand the nuances involved in
thinking within particular science and math situations.
Teachers should encourage both low-road and high-road
transfer in the appropriate contexts. Finaly, teachers should
establish a classroom environment where thinking is valued
and the curriculum offers many opportunities to use the kills
of good thinking to learn deeply. While thereis certainly
more to be learned about the teaching of good thinking, we
know enough right now to do alot to teach students to
become good mathematical and scientific thinkers.
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