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Summary Points

Why isit important to teach less,
better?

?There are vast amounts of information.

?Timeislimited.

?Students often can't remember,
understand or use what they
supposedly have learned.

How is deep under standing different
from superficial knowledge?

?1t focuses on meaningful patterns,
related to structure and purpose.

?Fewer misconceptions result.

?Learned information is more

connected.

?Information is more likely to be
remembered, used, and applied to
new areas.

What does research tell us about "teaching for deep
under standing" in math and scienceascompar ed toteaching
for broad coverage?

The question of what to teach and how to teach it is not new.
So then, why is there so much interest right now in whether it
is better to teach for deep understanding or for broad coverage?
Some key issues fudl this interest:

? There are vast amounts of information to be learned;

We are in the middle of an information explosion. It simply isn't
feasible to "cover" human knowledge. Even if our population can
continue to share broad areas of common knowledge, we need to be
selective about what those areas are.

? Students often can't remember, understand, or use what they
supposedly have learned;

Educators are increasingly concerned with students' inability to use
what they presumably have learned in school.! Too often, students
don't remember what they've learned or don't understand it well
enough to apply it outside of school.

? It takestime to develop deep understanding;

Developing deep understanding is time-consuming. Learners need
time to explore concepts and grapple with the puzzles involved in
understanding. Often students need to revisit concepts in different
ways and to investigate different applications for the concept.



There is a tension precipitated by limited time, large amounts
of information to be learned, and the goa of learning the
information well. The goa of getting students to understand
topics deeply is pitted against coverage of material. What are
the trade-offs between the two? If we teach for deeper
understanding, can we expect a more educated population or
will it be one with isolated areas of expertise and broad areas
of unfamiliarity and ignorance? What does the available
research suggest educators should do?

Education reform articles suggest that we should teach less,
better -- that broad, superficial coverage should be replaced
with more in-depth coverage of fewer areas with deep
understanding as a goal.? This argument hinges on at least two
key points. The first is that deep understanding is beneficial --
different from and better than superficiad knowledge. The
second is that learners will achieve more than a few isolated
areas of deep understanding -- that somehow what they learn
will be useful beyond the contexts in which they learned it.
Let's examine each of these issuesin turn.

What is meant by "deep understanding” and how is it
beneficial?

Those who study cognition use the term "deep understanding”
to refer to how concepts are represented and connected by
learners. They assume that learners create mental models --
pictures or images of concepts in their minds. These images
can be connected -- or networked -- to other information that
the learner has amassed. The way the images are networked

represents the sense that the learner has made. The nature of
the learning experience influences how learners construct the
representations.®  Learners can connect these representations to
produce larger networks of knowledge. Deep understanding
implies that the information is well-represented and well-
connected. The greater the number and strength of the
connections, the deeper the understanding. New information
can be well-connected to existing knowledge and/or the pieces
of the new information can be well-connected from within.

Is deep understanding different from superficial knowledge?
By definition, one expects it to be different because it describes
well-connected networks of knowledge. But does a thinker
with deep understanding behave differently than one with
superficiad understanding?  According to researchers, the
answer is "yes" They compared the behavior of experts --
people with deep understanding of a given area -- to that of
novices -- people who are just becoming acquainted with the
area. It turns out that experts structure their understanding and
construe meaning from information differently than beginners.

Experts notice and attach importance to different patterns.
They see the bigger picture -- perceiving larger, meaningful
patterns and they reflectively monitor their activity helping
them to regulate their attention.®> For instance, a novice looking
at fossl evidence might be drawn to the shape and size of the
fosslized image while an expert would be more likely to notice
the surrounding context in addition to the image -- noticing
what type of minerals invaded the softer materials, where in the



rock layer the fossil was found, where the fossil was found
relative to other fossilized remains. The expert would be likely
to reflect on whether the evidence found supported a
commonly accepted theory and whether he or she had
considered the right set of variables to know. The expert
attends to the information differently and interprets it
differently. Understanding something in depth is a different
experience than understanding it in a superficial way.

So deep understanding is different, but does that make it better
than superficial knowledge? Let's contrast deep understanding
with the type of learning that often results from broad,
superficial coverage. All too often, attempts to cover large
amounts of information focus on rote learning -- attempts to
commit to memory rather than take time to achieve
understanding. Broad, superficia coverage affords less
opportunity to explore concepts and discover the connections
between them. The resulting knowledge is not connected in a
relational manner.® This increases the likelihood that errors will
be made.” For example, third graders with rote knowledge of
multi-digit subtraction made more errors than those with
conceptual understanding.2  "Meaningful learning arises not
from the formation of connection through rote memorization
but rather from a deep understanding of the structural relations
in the problem."®

Experts understanding of the deeper structure of the
information allows them to process patterns more efficiently
and more effectively. They can monitor their own problem-
solving and are faster overall at solving problems because they

routinize their problem-solving to some extent which acts as a
time-saving device.

Learners who understand something deeply are able to
demondrate this through "performances of understanding,"
induding explaining, coming up with examples, applying,
judtifying, and so on.’® Such performances not only show
understanding, they help to build it. Through engaging in
performances such as explanaion, exemplification and so
forth, learners are likely to discover misunderstandings and to
work through them.

Making sense of the information actively engages learners in
more complex knowledge construction!* They must consider
how the information relates to earlier knowledge. They are
more likely to understand the design of the knowledge, how it
is structured and the purpose for the particular structure.*? In
contrast, superficid learning tends to reinforce insdious habits
of mindlessness because there is a push to cover large amounts
of materia with little opportunity to explore the ideas?!?
Students adopt a passive stance and stop asking the questions
which would have helped them pursue understanding.

Deep understanding increases the likelihood that students will
be able to use the information outside of school. Superficia
learning often remains inert!* It is present but students don't
goply it to situations beyond school tests because they may not
know how to apply it or they may not recognize opportunities
to do so. When learners understand information at a structural
level they are more likely to perceive ways to connect and use



the information outside of school.

Research aso shows that deep understanding also benefits
learners by increasing their ability to store and access
information.’> Deep understanding promotes remembering in
two related ways:

1) The information can be stored in larger, more meaningful
chunks, thus reducing the number of discrete pieces which
need to be remembered;

Finding meaningful relationships between pieces of information
reduces the amount to be remembered!® The information is
regrouped into larger, tightly connected units. Proceduresare stored
and used moreefficiently.” These chunks are more readily retrieved
than aseries of disconnected pieces. Research demonstratesthat the
depth with which information is processed ? paying attention to
superficial details as compared to making meaningful connections ?
affects recall more than the amount of time actually spent studying
it3® Information that is assembled into a scheme of some sort ? a
picture in one's head, for example ? is more easily recalled than
disorganized information.t®

2) The connectedness to other topics results in more paths with
which to access the information;

Memory research shows that when meaningful "chunks" of
information are well connected to other understandings, there are
more possible routes to recall it® For example, if a student relates a
science lesson on friction to knowledge of what size bicycletires to
choose in certain conditions and/or what happens when playing on
the playground slide, there are more contexts with which to recall the
information. Thus, the information is less likely to deteriorate or

decay. Itisimportant that the networks are built aslearning istaking
place rather than accumulating large stores of information to be
connected at some later time given the likelihood of greater decay of
disconnected information.?

Deep understanding is clearly beneficial in a number of ways.

On balance, it is important to note that the benefits of deep
understanding depend upon the particular skill or subject in
question. Some skills may be enacted at a level where deep
understanding does not affect performance. For example, there
are some driving skills that are not improved by a deep
understanding of how a car works. And there are certainly
stuations where superficial knowledge is adequate to serve the
purpose at hand. For example, superficia knowledge of price
scanners is adequate for a cashier ringing up groceries in the
supermarket.

It is also important to note that increased understanding does
not aways immediately result in improved performance.??
Children's behavior may temporarily regress as deeper
understanding develops. For example, in language
development as children shift from imitation to rule usage, they
may switch from saying "went" to "go-ed." Previoudy, they
appeared to understand the rules and the exceptions to the rules
for creating past tense when they were merely imitating. As
they actualy learn the rules, their behavior may regress until
the exceptions to the rules are also learned.??



Can deep understanding in one area be helpful to
understanding in other areas?

It appears that deep understanding is better than superficial
knowledge in topic areas actualy focused on. But what about
those areas that aren't taught? Teaching for deep understanding
is time-consuming and forces us to teach less content. Will
learners emerge with broad areas of ignorance? This issue
raises a serious challenge to teaching for deep understanding.

The crux of the issue rests on the question of whether deep
understanding gained in one area can be helpful to learning in
other areas. This question is fundamenta to the process of
education and has a long history of research surrounding it.2*
Clearly, some ability to use previous learning in new Stuations
is possible or each variation on experience that we confront
would require training. However, to what extent are we able to
goply previous learning to new areas and what is required to
enable us to do s0?

Two assertions are often made about deep understanding in
answer to these questions.2® The firgt is that degp understanding
enhances transfer. Transfer refers to students ability to use the
information in new contexts. The second assertion is that
understanding is generative. Generativity refers to the
likelihood that the information will engender new
understandings. Deep understanding in one area is expected to
hep students not just gpply, but to construct understandings in
other areas. What does the current research say about each of
these assertions? Are they warranted? A brief consideration of

each follows.26

Research shows that without deep understanding, it can be a
chdlenge to transfer knowledge to new situations! Knowledge
is often bound to the context in which it was initaly learned
and learners tend to compartmentalize it.2” Therefore, they
may not recognize opportunities to transfer knowledge to new
situations. When learners do try to apply information to new
situations, they sometimes get caught up in surface details and
miss underlying structural smilarities?® They miss the essence
of what is to be transferred -- the deep relationship! Teaching
for deep understanding addresses these problems because
children understand the deep level structura relationships in
learned content. This makes it easier to see the important
relationships and incresses the likelihood that they will
recognize and apply the relationships el sewhere.

This is not to imply that transfer of deep understanding is an
automatic process. It needs to be promoted.?° Research shows
that attention to "shepherding” transfer®® helps students make
connections.  Students need help noticing instances where the
deep level rdationship exists® They benefit from guidance
mapping it onto the new area®? Learners also need to see how
applying the relationship benefits them in other situations.®?

What about generativity? Can understanding in one area help
to create understanding in other areas? Deep understanding
can be generative in ways that superficia knowledge cannot.
For instance, research in mathematics suggests that when
children hold networks of related concepts, they are more



likdy to create their own useful procedures and strategies.®
On the other hand, when learning by rote in a superficia
manner, children tend to create procedures and strategies that
are not meaningful from an "expert” standpoint -- they do not
represent relevant patterns. The procedures may be flawed®
or children may apply formulas in ways that don't make
sense*®  For example, when the number, "two hundred and
three" is read, a child without deep conceptual understanding
might write "2003" instead of 203.

Whether degp understanding is generative depends in part on
what it is. Certain understandings help students make
connections widely. For example, a deep understanding of
gravity helps students to comprehend a range of events -- such
as why certain planets have the type of atmosphere that they
do, why astronauts need to exercise so much during space
travel, what a snowbadll fight in space would look like?” or why
our moon stays in its orbit. Certain understandings help
students grasp other domains -- providing windows of insight
beyond the particular cases studied. For example, deep
understanding of the balance of life in the rain forest helps to
generate understanding of the balance of life in the oceans.
These types of understandings are generative. Other
understandings are fun or practica in specialized contexts
without helping the learner much in other areas® Learning
chess moves or mastering a new computer language helps
learners in specific areas without generating understanding
elsewhere.

10

What doestheresear ch recommend that educatorsdo when
it comes to the trade-offs between teaching for deep
under standing ver sus broad cover age?

In summary, the research makes a strong case for teaching for
deeper understanding. It benefits students by increasing the
likelihood thet they'll:

?remember what they have learned.

?understand the design of the knowledge at a structural

and purposeful level.

?use their understanding beyond the contexts of

school.

?see greater connectedness in their learning.

?generate new, useful insights from what they have

learned.
Teachers need to pay particular attention to transfer and
generativity. They need to foster students ability to make
connections and apply understandings to new areas. They
should chose generative topics for deep invedtigation. These
topics should share important analogies with other topics of
interest ? shedding light on centra issues and enabling varied
extrgpolation and connection-making.®® The topics should
invite many ways to demonstrate understanding and provide
for assessments that measure knowledge with depth.

Students also need to learn "finding out" tools so that they can
get specific information when they need it. For instance,
students may only learn deeply about one type of ecosystem in
therr formal schooling, but they need to know how to research
information about others in the event that the information is

11



needed. Learning to find out is crucia to helping students to
continue to learn throughout their lives ? especialy important
in our information age.

In summary, this review suggests that educators should:

?teach for deeper understanding.

?use strategies to help students transfer understandings.
?seek out the most generative topics for in-depth
exploration.

?teach "finding out" <kills to help sudents learn
throughout their lives.

This should foster learning that endures, is useful in the real
world, and produces the most educated and enabled populace.
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