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The working memory limitations (Shipstead, Lindsey,
Marshall, & Engle, 2014) that researchers have been famil-
iar with for decades (Cowan, 2001; Miller, 1956; Peterson &
Peterson, 1959) do not apply to biologically primary material
where limits may be far wider than those usually discussed in the
literature. Most people do not have difficulty remembering the
enormous number of points of difference needed to distinguish
one face from another face nor do we have difficulty learning
and retaining the large range of sounds that constitute our native
language. We have evolved to acquire the knowledge needed for
facial recognition and the sounds of our native language.

Biologically secondary knowledge consists of the wide vari-
ety of disparate knowledge we need for cultural reasons. Unlike
the modular nature of primary knowledge, it is largely undiffer-
entiated except insofar as secondary knowledge requires primary
knowledge for its acquisition (Paas & Sweller, 2012). Almost
every topic taught in educational institutions provides an exam-
ple of secondary knowledge as do topics taught in the workplace
and during cultural activities.

Similar cognitive processes are used to acquire all categories
of secondary knowledge but those processes are very different
to the ones used to acquire primary knowledge. The acquisition
of secondary knowledge tends to be conscious, relatively dif-
ficult and effortful. It is greatly assisted by explicit instruction
(see below). Indeed, schools and other education and training
institutions were invented precisely because of the characteris-
tics of biologically secondary knowledge. Unlike biologically
primary knowledge that is acquired merely by membership of a
functioning society, biologically secondary knowledge tends not
to be acquired without the assistance of the specifically devised
societal structures associated with schools and other education
and training institutions. Almost everybody will learn to listen
and speak without the need for schools. Very few will learn to
read and write without school-based instruction.

Secondary knowledge is acquired with the assistance of pri-
mary knowledge (Paas & Sweller, 2012). For example, our
ability to listen and speak influences our ability to read and
write. All secondary concepts and skills have an underlying bed
of primary concepts and skills. These underlying primary con-
cepts and skills are likely to influence individual differences in
secondary concepts and skills.

Working memory provides a major cognitive difference
between primary and secondary knowledge. The well-known
capacity and duration working memory limitations apply only
to biologically secondary knowledge. When dealing with
novel, biologically secondary information, working memory is
severely constrained in both capacity and duration. In turn, those
constraints have instructional consequences, discussed below
(Sweller et al., 2011).

Domain-specific and Domain-general Knowledge

One of the distinctions between biologically primary and
secondary knowledge is that primary knowledge frequently con-
stitutes a cognitive skill that is generic in nature while secondary
knowledge tends to be domain-specific (Tricot & Sweller, 2014),
with both including conceptual and procedural information. A

generic—cognitive skill is a mental process that can be applied to
a wide variety of unrelated areas while a domain-specific skill
is a procedure that only can be applied to a specific range of
areas. A general problem-solving strategy that can be applied
to a wide variety of unrelated problems provides an exam-
ple of a generic—cognitive skill. Using a means-ends strategy
(Newell & Simon, 1972), according to which problem solvers
note each problem state reached and attempt to reduce the dis-
tance between that problem state and the goal state, provides an
example of a generic—cognitive skill. We all use a means-ends
strategy when faced with novel problems in any area. In con-
trast, learning that when faced with an algebra problem such as
(a+b)/c=d, solve for a, the best first move is to multiply out
the denominator, provides an example of a domain-specific skill
that applies only to a limited class of algebra problems.

Not all biologically primary skills can be classed as
generic—cognitive nor are all secondary skills domain-specific.
For example, since primary skills are modular, they tend to be
specific to particular areas and in that sense are domain-specific
rather than general. Nevertheless, because of their importance,
generic—cognitive skills commonly are biologically primary.
Means-ends analysis, the general problem solving strategy dis-
cussed above provides an example. There are many others such
as learning to generalize or learning metacognitive skills. We
not only need to learn how to solve problems, we need to
learn how to learn, how to plan or how to think. These are
critical, generic—cognitive skills (or abilities) that tend to be
emphasized heavily in current educational research. There are
good reasons for that emphasis. Generic—cognitive skills tend
to be far more important than domain-specific skills. Without
generic—cognitive skills, humans may have difficulty surviving
as humans. But despite their importance, they do not need to be
taught because they are biologically primary skills that we have
evolved to acquire and so they are acquired without tuition.

While secondary skills tend not to be generic—cognitive
in nature, some have considerable generality. As an example,
while learning to read is a biologically secondary skill, it is
domain-general although it is not a generic—cognitive skill in
the sense of the above examples. Nevertheless, the vast majority
of secondary skills taught in educational institutions are domain-
specific rather than generic—cognitive.

For example, humans can survive without the domain-
specific skills of knowing complex mathematics or openings
in chess. As a consequence, we have not specifically evolved
to acquire most domain-specific skills and so they are bio-
logically secondary. While we may have evolved to acquire
general, problem solving skills, we have not specifically evolved
to acquire the knowledge that in order to solve a problem
of the type, (a+b)/c=d, solve for a, we should first mul-
tiply out the denominator. That difference has instructional
implications.

Schools and other educational and training institutions were
largely devised to teach domain-specific, biologically secondary
knowledge (Sweller, 2015). They were not devised to teach
generic—cognitive skills because most of these are acquired
automatically without tuition. Students may need to be taught
that a particular generic—cognitive skill applies to a particular
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domain-specific area but they do not need to be taught the skill
itself (Youssef-Shalala, Ayres, Schubert, & Sweller, 2014).

If domain-specific knowledge and skills largely are bio-
logically secondary, they require the same working memory
characteristics in order to be processed as all biologically sec-
ondary skills. Working memory capacity and duration limits will
apply and instructional procedures need to take those limits into
account (Sweller et al., 2011). In contrast, if generic—cognitive
knowledge tends to be biologically primary, acquisition of the
knowledge will not impose a heavy working memory load but
attempts to teach it are likely to fail (Redick et al., 2013) because
like all biologically primary knowledge, it is acquired without
explicit tuition.

Explicit Instruction

Instructional implications flow from the biologically sec-
ondary, domain-specific characteristics of knowledge that is
dealt with in educational contexts. We may automatically and
unconsciously learn the biologically primary, generic—cognitive
knowledge associated with listening and speaking, recognising
faces and using means-ends analysis to solve problems. We do
not automatically and unconsciously learn the biologically sec-
ondary, domain-specific knowledge associated with most of the
topics taught in educational contexts. That knowledge needs
to be explicitly taught by talking to learners or writing for
learners (Kirschner, Sweller, & Clark, 2006). We should never
assume that the relatively easy acquisition of biologically pri-
mary knowledge outside of formal education is due to the lack
of formal guidance, while the more difficult acquisition of sec-
ondary knowledge is due to formal guidance. The difference
in ease of learning between the two contexts is due to their
evolutionary difference, not due to instructional procedures.
Minimal guidance in educational contexts decreases ease of
learning.

Why is explicit instruction important in educational contexts?
The answer lies in the working memory characteristics when
dealing with novel, biologically secondary, domain-specific
information. Given that this category of information is the cat-
egory where the limitations of working memory occur, it is
important that instruction reduces all sources of extraneous cog-
nitive load. Explicit instruction is likely to reduce the working
memory load imposed compared to instructional procedures that
rely on minimal guidance. There is strong evidence supporting
that hypothesis. The worked example effect is one of the empir-
ical effects generated by cognitive load theory. It occurs when
learners shown the solution to a problem subsequently outper-
form learners who must solve the problem themselves (Cooper
& Sweller, 1987; Renkl, 2014; Renkl & Atkinson, 2003). Based
on the worked example effect, the empirical evidence over-
whelmingly favors explicit instruction, providing support for the
cognitive architecture that underpins the theory. That cognitive
architecture will be discussed next.

Human Cognitive Architecture

Human cognition, when dealing with biologically sec-
ondary information, can be described as a natural information
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processing system analogous to the information processing char-
acteristics of evolution by natural selection (Sweller et al., 2011;
Sweller & Sweller, 2006). The analogy between biological
evolution and human cognition has been suggested frequently
(Campbell, 1960; Darwin, 1871/2003; Popper, 1979). There are
many ways of describing natural information processing systems
(Sweller, 2003). One way is in terms of five basic principles.

The Information Store Principle

In order to deal with a complex, constantly changing envi-
ronment, natural information processing systems require a very
large store of information. Genomes provide that store in the
case of evolution by natural selection while long-term memory
has an analogous role in human cognitive architecture.

The role of long-term memory in human cognition was con-
siderably clarified by work on expertise in chess (De Groot,
1965). The obvious hypothesis was that chess masters consider
a greater range of moves than less able players. In fact, chess
masters showed no sign of engaging in greater search than week-
end players despite masters usually choosing better moves. De
Groot solved the mystery by showing chess masters and week-
end players a chessboard configuration of pieces taken from a
real game for 5s, removing the board and asking the players
to reproduce the board they had just seen. Chess masters could
replace over 80% of the pieces accurately while weekend players
were only able to replace less than 30% of the pieces accurately.

Several points concerning these results need to be noted. First,
the difference largely disappears when random board configu-
rations are used, with both weekend players and masters poor
at this task (Chase & Simon, 1973), although there is a small
but consistent advantage for masters in recall of random boards.
Chess masters only perform well on a board configuration task
when they are faced with configurations taken from real games.
Second, it takes many years of practice to become an expert
in any substantive area including chess (Ericsson & Charness,
1994). Third, the major change, possibly the only change during
this period, is the transfer of information to long-term mem-
ory. Over many years of practice, chess masters have stored
tens of thousands of board configurations along with the best
moves for each configuration in long-term memory (Simon &
Gilmartin, 1973). When playing a game, they recognize most
of the configurations they encounter and know the best move
or moves for each configuration. Weekend players, in contrast,
must try to work out the best moves in a few seconds resulting
in the likely choice of sub-optimal moves compared to someone
who knows the best moves. Exactly the same process occurs
in all areas of human expertise including educationally relevant
areas (Chiesi, Spilich, & Voss, 1979; Egan & Schwartz, 1979;
Jeffries, Turner, Polson, & Atwood, 1981; Sweller & Cooper,
1985). For example, while a chess expert learns to recognize
board configurations, an expert reader needs to recognize the
sets of marks that constitute the written word. An expert is some-
one who has an enormous store of domain-specific, biologically
secondary information concerning his or her area of expertise
held in long-term memory.

It needs to be emphasized that while individual differences
are heavily influenced by differential knowledge held in
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