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Models of skill acquisition, such as Ackerman's (1988) 
theory of skill acquisition, largely ignore the experi­
ences and dynamic internal processes of a person 

while learning a skill (e.g., how they feel, what strategies they 
are using, the role of the external environment). Riding and 
Powell (1 993) suggested that the information-processing 
model (a common conceptualisation of learning and thinking) 
is an inadequate model to explain the complexities of human 
brain functions. These models are largely holistic, and do not 
provide detail about the qualitative aspects of a person's 
learning experience. This paper attempts to highlight the 
importance of a dynamic description of skill acquisition and 
to "unpack" the skill acquisition stages, with a focus given 
to process rather than performance or outcome. Learning 
more about what is going on "inside people's heads" whilst 
learning a skill, and what feelings or affective states are 
present, can inform both skill acquisition theory and various 
practical issues, such as why some training programs fail 
and some succeed. The role of emotions, motivation, 
environment, and other factors; the concepts of skill and 
ability; and various theories of skill acquisition are discussed. 
This highlights missing elements in the typical cognitive 
experimental focus. The concept of process itself is explored, 
with a focus on learning in general. Process-oriented factors 
such as motivation, memory, interruptions, emotion, and 
metacognition are investigated in relation to skilled perter· 
mance. Areas for future research and some practical implica­
tions for training are outlined. 

Skilled performance is crucial for all human activities. 
Driving, playing a musical instrument, and typing all 
require coordinated processes of perception, cognition, and 
action (Proctor & Dutta, 1995). In today's era of fast-paced 
technological change, the rapid acquisition of skills trans­
ferable w the workplace is becoming even more vital 
(Langan-Fox, 2001: Langan-Fax, Waycott, & Galna, 1997). 
A broad aim of the current paper is to focus attention on the 
process of skill acquisition rather than on the outcome (i.e., 
skilled performance), and to use an understanding of inter­
nal processes to inform the design of training programs. 
The complexities involved in acquiring a skill encompass a 
literature extending back to the 19th century, with the work 
of Ebbinghaus (1885/1913) on learning and memory, 
Bryan and Harter (1899) on the learning of telegraphic 
language, and Craik (1948) on human information process­
ing. 

Early studies with trainee morse telegraphists (Bryan 
& Harter, 1899) showed that the number of signals correctly 

transcribed per minute rises steadily over the first 3 to 4 
months of practice, remains roughly constant (at a plateau) 
for the next 2 months, and then begins to rise again. Since 
their work, it has often been proposed that skill acquisition 
proceeds through phases characterised by qualitative differ­
ences in petformance. A major shift in skilled-performance 
research appears to have occurred around 1945. At the close 
of World War II, there existed a considerable number of 
experimental psychologists who had been exposed to 
problems in the human skill research into aircrew selection 
for the US Army Air Corps. Finally, the immediate postwar 
period saw the introduction of new statistical techniques for 
conducting analyses on human skill data. Thus, before 1925, 
much of the research was exploratory in character, and 
following 1935, a stronger interest in theory was observed 
(Bilodeau, 1969). 

Over the years, researchers working in the skills area 
have been remarkably homogenous in their theoretical 
viewpoints. Structuralism, Gestalt theory, and psychoanalyt­
ically oriented research have had little influence, and behav­
iourism has been a dominant theoretical viewpoint, hence 
the predominant focus on the cognitive rather than the 
emotional aspects of skill acquisition (Bilodeau, 1969). 
In summary, the initial systematic research on skill acquisi­
tion and skilled performance, which encompassed such 
topics as the description of learning curves, transfer of train­
ing, and motor performance, lasted approximately 30 years, 
with a revival of interest in skill occurring around 1945. 
Since that time, there has been increasing emphasis on the 
mechanisms underlying skill and cognitive skill (Proctor 
& Dutta, 1995). In more recent times, there has been 
increasing interest in the development of quantitative 
models to examine the mechanisms and knowledge struc­
tures underlying the acquisition of skill (R. Carlson 
& Yaure, 1990; Proctor & Dutta, 1995). For example, since 
the 1960s there have been a number of attempts to develop 
theories that predict the relative importance of different 
abilities over the course of task practice (Fitts, 1964; 
Fleishman, 1972; Schneider & Shiffrin, 1977). The identifi­
cation of changes in the pattern of abilities contributing 
to performance at different stages of practice would suggest 
that training procedures could be structured to match the 
ability requirements at each stage (Fleishman & Mumford, 
1989). For instance, models of skill acquisition, such as 
Ackerman's (1988) theory of skill acquisition, describe the 
"stages" of skill acquisition by "blocking" three proposed 
stages that focus on the ability-performance relationship, 
but largely ignore the experiences and internal processes 
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of a person (e.g .. how they feel, what strategies they are 
using. the role of the external environment). That is, they 
are largely holistic models, and do not provide detail about 
the qualitative aspects of a person's learning experience (see 
Waycott & Langan-Fox, 1997). 

The current paper attempts to highlight the importance 
of a dynamic description of skill acquisition and 
to "unpack" the skill acquisition stages, with a focus given 
to process rather than performance or outcome. Riding and 
Powell (1993) suggested that the information-processing 
model (a common conceptualisation of learning and think­
ing) is an inadequate model to explain the complexities in 
ways in which the human brain functions. We suggest that 
we need to find out what is going on "inside people's 
heads" whilst learning a skill, and what feelings or affective 
states are present, thus helping to inform both skill-acquisi­
tion theory and various practical issues, such as why some 
training programs fail and some succeed. Firstly, the 
concepts of skill and ability are examined, and various 
theories of skill acquisition discussed, highlighting missing 
elements in the typical cognitive experimental focus. Then, 
the concept of process itself will be explored, with a focus 
on learning in generaL Next, process-oriented factors such 
as motivation, interruptions, memory, emotion, and 
metacognition will be investigated in relation to skilled 
performance. Finally, areas for future research and some 
practical implications for training will be outlined. 

Theories of Skill Acquisition 
There appears to be a general consensus in the literature that 
the teaming of a complex task proceeds in accordance with 
approximate segments of practice, and that there are three 
stages in this process. Most of the information-processing 
theories have approached skill acquisition as a process that 
begins with resource dependency and ends in skilled perfor­
mance or automaticity. Although there is a degree 
of congruency about skill phases, there are other features 
of skill acquisition that do not share the same degree 
of consensus. Many theories are more descriptive than 
predictive in nature. Difficulties encountered in the effective 
use of models of skill acquisition concern the nature 
of abilities, the notion of the development of automaticity, 
and possible moderating variables. Despite attempting 
to provide a dynamic view of skill acquisition through 
imposing three stages of practice, these theories are 
relatively crude attempts to describe a constantly changing 
process and do not provide an adequate account of the 
experiences of individuals as they learn a skill. 

Specific models of skill acquisition usually differ 
in terms of whether or not attention is required for process­
ing, whether particular processes can be carried out concur­
rently or must be performed sequentially, and the extent 
to which one process affects the other. A consistent obser­
vation in the literature on skill acquisition is that skilled 
performance is often associated with the withdrawal 
of attention and appears to operate outside the bounds 
of conscious awareness (Masson, 1990). Such performance 
has been termed autonomous (Fitts & Posner, 1967) 
or procedural (Anderson, 1982). It is characterised by 
c;onsistent speed and accuracy and is not limited by the 
amount of attentional resources available (Ackerman, 1986). 
Therefore, skilled performance is generally not subject 
to interference from other activities and distractions (Fitts 
& Posner, 1967). This is in contrast to performance during the 
initial stages of ski11 acquisition, which is slow, error-prone, 
and resource dependent, that is, influenced by the portion 
of attentional capacity or effort devoted to the task 

SKILL ACQUISITION 

(Ackerman, 1986). Information-processing theories have 
converged on a conception of skill acquisition as a three­
stage process during which the cognitive demands of task 
performance change, beginning with resource dependency 
and culminating in the automaticity that characterises 
skilled performance. Anderson ( 1982), Fitts and Posner 
( 1967), and Schneider and Shiffrin ( 1977) have proposed 
qualitatively similar accounts of this process. these theories 
are summarised in Table 1. Although Ackerman ( 1988) was 
the first to make speed-of-processing explicit, this concept 
is embedded in many earlier theories of skill acquisition, 
as increasingly faster and more accurate performance as the 
task progresses is usually assumed, which implies that 
reduced resource dependence and increased automaticity 
would lead to increased speed of processing. However, the 
contribution of his work is that he provided an integrative 
information-processing theory that links general models 
of skill acquisition with ability determinants of individual 
differences in performance. 

Edwin Fleishman has been another prominent figure 
in the last 50 years in the domain of motor skill acquisition 
and abilities (Proctor & Dutta, 1995). He proposed that 
in perceptual-motor tasks, general abilities play a role early 
in learning but, as practice progresses, new task-specific 
abilities become important and these are different from both 
the cognitive and perceptual-motor abilities. 

The Contribution of Abilities 
to Performance During Skill Acquisition 
Fleishman's basic procedure has been to give extensive 
training on a factorially complex task, and to administer 
a battery of tests for reference. Measures taken at different 
levels of learning on the criterion task and scores from the 
battery of reference tests are then intercorrelated, and the 
resulting matrix is factor analysed. It is ·usually found that 
the number of factors with significant loadings decreases 
from early to late practice, and the nature of the factors also 
changes. In tasks with significant motor components, the 
shift seen with training is from early factor loadings on 
perceptual abilities to later loadings on motor abilities 
(Proctor & Dutta, 1995). 

TABLE 1 
The Three Phases of Skill Acquisition, As Described by Fitts 
& Posner (1967), Anderson (1982), and Schneider & Shiffrin 
(1977) 

Phase 1 

Phase 2 

Phase 3 

The task is novel to the learner, and performance 
is cognitively demanding (Fitts & Posner, 1967). 
Pertormance is governed by controlled processing 
(Schneider & Shiffrin, 1977), or declarative 
knowledge (Anderson, 1982), represented 
in terms of a propositional network. 

The !earner is no longer so reliant 
on cognitive processes. 
Pertormance is characterised by mixed controlled 
and automatic processing 
(Schneider & Shiffrin, 1977). 
Practice involves the strengthening 
of stimulus-response connections and task-specific 
productions which, when refined, allow for skilled 
pertormance (Anderson, 1982; Masson, 1990). 

Performance no longer requires conscious control. 
Pertormance is said to be autonomous 
(Fitts & Posner, 1967), procedural (Anderson, 1982), 
or governed by automatic processing 
(Schneider & Shiffrin, 1977). 
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However, Ackerman has commented on several flaws 
in Fleishman's methodology and research methods. 
Ackerman ( 1987) re-analysed some of Fleishman's data and 
found they didn't support Fleishman's hypothesis. that is, 
that at the final stage of practice, some new, task-specific 
ability develops. In other words, the best predictors 
of performance are intra-task measures that reflect these 
specific abilities. Ackerman ( 1988) argued against the 
notion of task-specific abilities in favour of three broad 
ability classes that contribute to performance at different 
stages of skill acquisition. He proposed that these three 
ability classes, general intelligence, perceptual speed, and 
psychomotor ability were linked to the three skill-acquisi­
tion phases. Ackerman's modified model of ability structure 
follows from the recent conceptualisation of human intelli­
gence as being organised in a hierarchical fashion. 
In Ackerman's model, the dimension of speed accounted for 
a change in information processing during skill acquisition: 
general ability is associated with high complexity and low 
speed of processing, perceptual speed ability constitutes 
intermediate amounts of processing level and speed, and 
psychomotor ability is primarily associated with low 
complexity and high speed of processing. The theory 
describes the relation of ability classes to phases of skill 
acquisition and can be used to predict the association 
between individual differences in performance across levels 
of skill. In the initial declarative stage of skill acquisition 
(general ability), substantial demands are made on cognitive 
abilities such as memory, reasoning, and knowledge 
retrieval (Ackerman, 1988). This phase is associated with 
general abilities at the top of the cylinder. As practice 
progresses, measures of intellectual ability become less 
related to performance. The associative stage (perceptual 
speed) develops when learners adopt rules for performance, 
and performance is more reliant on perceptual speed ability 
than general abilities, with attentional load reduced 
(Ackerman, 1990). In the autonomous phase (psychomotor 
ability), the learner has essentially automatised the skill, and 
performance is fluent and relatively free of attentional 
demands (Ackerman, 1990). Psychomotor ability then 
becomes more important for performance. 

What is Missing from Traditional Theories 
of Skill Acquisition? 
Although the theories described above provide a way 
of integrating cognitive abilities and the acquisition of a 
skill, one cannot accurately predict where people are in the 
skill-acquisition process. For example, if Ackerman's 
(1988) model assumes increasing levels of automomaticity 
at different stages of practice, we need to know what type 
of factors will impede this progress, at what point in the 
skill-acquisition process, and what will inhibit or assist 
development of skilled performance. We need to know how 
much of an impact these factors may have and when the 
impact is most serious, that is, when a novil:e is at initial 
stages of learning a skill or later, or when the learner has 
become an "expert". For example, in the third phase of skill 
acquisition, according to Ackerman's (1988) model, an 
expert should be able to perform without great demand on 
attentional resources. Would an emotional upset or environ­
mental interruption have the same impact on an expert as 
someone just beginning to learn a skill? Indeed, is it possi­
ble to control these processes, regulate emotions, teach 
metacognitive strategies, and reduce the impact of environ­
mental disruptions? Or is this a "stochastic" issue, one that 
is so random, and involving such a high degree of chance, 
that an attempt at control is likely to be ineffectual? 
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The area of skill acquisition has been narrowly focused 
on asymptote performance or expert performance, rather 
than the range of variables intluencing the stages of perfor­
mance. The next section will consider some useful models of 
human performance, which generally approach performance 
from an information-processing perspective, and also 
whether these models adequately account for dynamic 
processes during skill acquisition. 

A Broader Conceptualisation of Skill 
Acquisition: Important Influences 
on Human Performance 
The information-processing approach describes the operator 
on the same terms as the machine, and provides a conve­
nient framework for understanding and organising a wide 
range of human performance results. General models 
of information processing distinguish three stages interven­
ing between the presentation of a stimulus and the execution 
of a subsequent response. Early processes associated with 
perception and stimulus identification can be classified 
as the perceptual stage. Following this, are intermediate 
processes involved with decision making and thought, 
classified as the cognitive stage. Information from this 
cognitive stage is used in the final action stage to select, 
prepare, and control the movements necessary to effect 
a response. However, it is not always clear whether 
a change in performance should be attributed to the percep­
tual, cognitive, or action stage (Proctor & VanZandt, 1994). 
Attention also impacts on performance, and models of atten­
tion abound, such as bottleneck and resource models. 
Bottleneck models specify a particular stage in the infonna­
tion~processirig sequence at which the amount of informa­
tion we can attend to is limited. Resource models view 
attention as a limited-capacity resource that can be. allocated 
to one or more tasks, rather than as a fixed bottleneck. 

Broadbent (1958) introduced the filter theory, a model 
in which stimuli enter a central processing channel one 
at a time to be identified. Thus, filtering of extraneous 
or unwanted messages must occur early, prior to this identi­
fication stage. An alternative view that has been prominent 
is multiple-resource theory. Multiple resource models 
propose that there is no single attentional resource; rather, 
several distinct subsystems each have their own limited pool 
of resources. Wickens (1980, 1984) proposed a three­
dimensional system of resources consisting of distinct 
stages of processing (encoding, central processing, and 
responding), codes (verbal and spatial), and input (visual 
and auditory), plus output (manual and vocal modalities). 
The model assumes that two tasks can be performed 
together more efficiently to the extent that they require 
separate pools of resources. 

Although the models discussed above consider the role 
of perception and cognition in allocating attentional 
resources towards skilled performance, they do not 
adequately examine the internal processes and characteris­
tics of trainees, and the role of the external environment. 
By treating the trainee as a machine, these models do not 
account for human responses to the task, such as frustration 
or boredom, or the effect of interruptions. Although these 
models appear to be dynamic, they are overly simplistic and 
do not account for the process of skill acquisition from 
a human perspective. But what does process mean? 

The Notion of Process 
Process could be defined as a series of actions, changes or 
functions bringing about a result, or as the act of proceeding; 



continued forward movement: procedure; progress; advance, 
or a particular course of action intended to achieve a result. It 
is a dynamic concept, focused On the end result. Apparently, 
a process is thought to be always paired with an outcome or 
result. The first definition is most aligned with our current 
position, with the idea of a "series of actions, changes or 
functions". The nature of these actions, changes of functions 
is the focus here, rather than the result. 

We are suggesting that it is important to know about the 
series of changes, actions, and functions that occur during 
learning (see e.g., Langan-Fox in press). How do a person's 
emotions, metacognitions, levels of conciousness, and so on 
vary over the course of practice? Rather than examining the 
relationship between static measures of cognitive ability and 
performance at different stages of practice, it would be far 
more interesting to tap into changing relationships between 
emotions or metacognitions and perfonnance; for example, 
what different patterns emerge, and how can this be gener­
alised to other tasks or situations? 

It would seem useful at this point to provide a frame­
work for conceptualising the role of process during skill 
acquisition, which can tie together the factors that 
are described later on. Figure 1 shows how internal and 
external influence can impact skilled performance, and is a 
useful way to organise the variables (levels of conscious­
ness, cognitive abilities, emotion, metacognition, motiva­
tion, memory, interruptions, goals, practice format, task 
characteristics), and how they relate to each other and 
impact on performance, which expands on the traditional 
information-processing approach common to many models 
of skill acquisition. The figure is meant to be a guide only, 
for stimulating ideas about possible variables to be included 
in research, in some broad way. A more descriptive model 
providing some determinants of performance is provided 
in Figure 2. 

Process during Learning in General 
and During Skill Acquisition 

It is pertinent at this juncture to discuss recent research 
examining the role of process during learning. Rosella 
(2000) investigated the importance of metacognitive and 
affective training on mathematics performance amongst 
a group of university students. Training focused on knowl-

Internal Processes & 
Charncteristia 

Levels of consciousness 
Cognitive Abilities 
Emotion 
Metacognition 
Motivation 
Memory 

I 
SKILLED 

I PERFORMANCE 

v Externallnnuences 
Interruptions 
Goals 
Practice Format 
Task Characteristics 

. ·IGURE 1 

\n integrated process framework for skill acquisition and 
1erformance. 

SKILL ACQUISITION 

edge about cognition, monitoring, beliefs, emotions, and 
attitudes, and appeared to assist students to pass the course. 
Ingleton ( 1995) found that emotionally laden beliefs 
profoundly influenced learning in higher education. 
Sylwester ( 1994) suggested that our emotional system 
is a complex, widely distributed, and error-prone system 
that defines our basic personality early in life and is quite 
resistant to change, and proposed that emotion research 
should be applied in classroom situations to improve learn­
ing. Schumann (l994) suggested that cognitive processes 
are neutral, while the affective filter of the brain's stimulus 
appraisal system interacts with cognition to promote 
or inhibit learning. Ferro (1993) echoed this view, 
by describing the human brain as triune, controlling physi­
cal activity, emotion, and cognition. Strategies for dealing 
with the affective element, such as creating self-awareness, 
positive self-concept, trust, and acceptance, are suggested 
as important influences on learning. Dimensions of interest 
and boredom in instructional situations were identified 
by Small (1996), who found that feelings of pleasure and 
arousal were linked to generating and sustaining current 
learning interest. Competence and self-determination were 
found to be more closely related to fostering a continuing 
motivation to learn. 

According to Beebe and Ivy (1994), student emotional 
responses to teacher classroom behaviours may offer 
a theoretical framework for explaining student learning. 
Such a framework may encompass other models, such 
as arousal/motivation or identification, in offering an expla­
nation of why students learn when teachers exhibit certain 
behaviours. Hogan and Kwiatkowski (1998) suggested that 
emotional aspects of teaching large groups, in particular,· 
have been largely neglected and ignored. The authors argue 
that it is legitimate to consider the role of emotion in higher 
education and its particular effects in large teaching groups. 
While it is perhaps easier and safer to pretend that all 
is well, there are clear emotional consequences to working 
in these large groups, for both students and lecturers. 
For instance, students may experience powerful feelings 
of alienation, anger, and envy in large groups and compen­
sate in various ways, some of which will be antithetical 
to achieving effective learning and a stimulating educational 
experience. Similarly, lecturers can also seek to cope with 
their own feelings of fear and uncertainty by behaving 
equally maladaptively. 

Greene, Rucker, Zauss, and Harris ( 1998) found that 
communication anxiety affected individuals' progress 
through skill-acquisition stages. Russell ( 1995) found that 
understanding the stages of learning to use technology 
(by identifying six stages adult learners pass through as they 
become confident using electronic mail) empowers the 
learner through the knowledge that feelings of tension and 
frustration will be overcome. 

The next section considers several issues that need 
to be considered to obtain a comprehensive account 
of qualitative and experiential aspects of the skill-acquisi­
tion process, for example, the role of changing levels 
of conciousness, motivation, emotion, metacognition, 
memory, and external influences (e.g., massed vs. distrib­
uted practice and interruptions). 

Internal Influences on the Acquisition 
of a Skill: Changing levels of Consciousness 
and Automaticity, Motivation, Emotion, 
Metacognition, and Memory 
Changing Levels of Consciousness 

Changing levels of consciousness across task practice need 
to be examined, insofar as determining exactly when people 
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make the transition from one to another stage (e.g., from 
general ability to perceptual speed). As Rasmussen (1983) 
suggested, on many occasions, decisions need to be made 
consciously, especially if the task is highly complex and 
evaluative. Rasmussen's work on cognitive task analysis 
proposed a trichotomy among skill-based, rule-based, and 
knowledge-based behaviour. These types of selection of 
action represent points on a continuum related to the degree 
of automaticity of various actions. Operators must be sensi­
tive to when skill- and rule-based behaviour is no longer 
appropriate, and they must therefore move into a knowl­
edge-based problem-solving domain (Rasmussen, 1983). 
Rasmussen also focussed attention on the need to problem­
solve flexibly by moving up and down to different levels of 
abstraction. The dynamic nature of work and other task 
environments guarantees not many skills will be completely 
automatised. New skills must be acquired, and often must 
be integrated with existing skills. Also, novel situations may 
be encountered to which performance must be adapted, so 
that automated responses are no longer appropriate. 
Consequently, as stressed by Rasmussen (1983), task 
performance will involve combinations of the different 
modes of behaviour, depending on situational factors. The 
major difference between Rasmussen's formulation and 
those of Fitts and Posner (1967) and Anderson ( 1982) is that 
Rasmussen emphasises that the performer can switch 
between modes of behaviour as dictated by task demands, 
whereas these other authors both emphasise skill acquisition 
as a clear progression through stages, with little flexibility 
to move backwards or forwards through the various stages. 
However, in relation to other models, the question that needs 
to be asked is how cognitive and evaluative (i.e., complex) 
a task can be, and still fall within the realms of theory, as this 
is important in terms of the generalisability to a wide variety 
of tasks. If a theory can only be applied to relatively simple 
tasks with consistent mapping of stimuli to responses, then 
perhaps the parameters or limitations need to be more clearly 
defined so that it can be used for more practical purposes 
such as the design of training programs. 

Is automaticity necessary for skilled performance, and 
how long this does take to develop? The more a process 
has been practiced, the less attention it requires, and there 
is speculation that highly practiced processes require · 
no attention at all. It has been shown that performance 
of a cognitive skill improves as a power function 
of practice and only shows modest declines over long 
retention intervals. The so-called power law of learning 
illustrates that the benefit of further practice rapidly dimin­
ishes, and that, no matter how much practice we have had, 
further practice will not help (Anderson, 1995). 

Healy and Bourne (1995) suggested that automaticity 
can develop in as few as 200 trials if appropriate training 
procedures are employed. However, for automatic process­
ing to develop, mapping of target stimuli to responses must 
be consistent. Two contrasting views of the nature 
of automaticity have been proposed. First, the most 
common are theories that propose that automaticity reflects 
a greater efficiency in processing and reduced demands 
on attention (Schneider, 1985; Shiffrin & Schneider, 1977). 
An alternative approach is Logan's (1988) instance theory 
of automaticity. It suggests that practice increases the 
number of memory traces for each stimulus, increasing 
the probability that the stimulus-response relationship can 
be direcrly retrieved from memory. 

According to Schneider and Shiffrin's (1977) model 
of controlled and automatic processing, the staged develop­
ment of skilled automatic performance can be interpreted 
as a sequence of transitions from controlled to automatic 
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processing. Automatic processing is proposed to require 
considerable training to develop and, once learned, 
is greatly resistant to change (see also Anderson's 1982 
model of the acquisition of cognitive skill). Sometimes up 
to 25 hours is required for automaticity to develop. 
However, this is not a unanimous viewpoint; in fact, 
Ackerman ( 1988) proposed that long periods of practice 
may not always aid the development of automaticity, 
especially if the task is complex. It is interesting to note that 
Ackennan ( 1988) stated that instead of being beneficial in 
terms of allowing automaticity to develop, sometimes 
in the case of highly complex tasks that require 20 hours 
or more for a transition through the stages to occur, other 
variables such as motivation may have an obscuring effect, 
perhaps because of reduced task consistency. Task inconsis­
tency leads to increased controlled processing demands, 
delaying the development of automaticity. Ackerman ( 1988), 
in his fourth experiment, measured the consistency of a task 
through a reduction in variability in subjects' perfonnance. 

However, other individual difference variables, whilst 
not detailed or tested within the framework of Ackennan's 
(1988) theory, could be theorised to influence skilled perfor­
mance. These include (a) motivation, (b) efficacy of initial 
productions fonnulated in Phase 1 of the skill-acquisition 
process, and (c) the learner's ability to develop efficient 
and accurate compilation and tuning of the productions. 

Motivation: Goals and Incentives 

Early research into motivation focused on drive changes 
on perfonnance and included the work of Hull, Perin, and 
Webb, who used rats as subjects (McGeoch, 1952). 
In regard to motivation, Kanfer and Ackerman (1989) have 
proposed a model of ability-motivation interactions for 
attentional effort, which assumes that changes in the amount 
of capacity used, and policies for allocation of attention, are 
accomplished through motivational processes. Kanfer and 
Ackerman (1989) reported that the setting of specific and 
difficult goals in later phases of skill acquisition may facili­
tate complex task perfonnance, and revealed that the benefi­
cial effects of goal setting during the later phase are most 
likely to accrue to low-ability rather than high-ability 
persons. Their studies suggested that goal setting affects 
ability-performance relations during practice by influencing 
attentional resource allocation, that "early goal" participants 
had lOwer general ability-performance correlations than 
control subjects, and that the perceptual speed ability-perfor­
mance correlations for both early and late goal conditions 
showed an attenuation in the level of increase, compared 
to correlations of the no-goal condition. These findings 
suggest that goal setting may have a role as a moderating 
variable in ability-perfonnance relations. 

Twenty years of empirical research has established that 
specific, challenging goals lead to higher levels of task 
performance than no goals, vague goals, or easy goals 
(R. Wood, Mento, & Locke, 1982). Given adequate ability 
and commitment to the goal, the harder the goal, the higher 
the performance. For example, in 99 out of 110 studies, 
specific, hard goals produced better performance than 
medium, easy, "do your best" or no goals (Locke & Latham, 
1991). Kernan and Lord (1989) found that individuals with 
no specific goals generally evaluated their performance 
more positively than those with specific, hard goals in 
response to varying degrees of negative feedback. Schmidt, 
Kleinbeck, and Brockman (1984) showed that goal speci­
ficity and difficulty had a significant effect on the allocation 
of cognitive resources. When two tasks were performed 
simultaneously, more resources were allocated to the task 



with a specific and difficult goal than to the one with no 
specific goal. 

Self-regulatory processes are critical determinants 
of performance and of the development of competencies. 
Self-regulation is an important mechanism for initiating 
changes in resource allocation policy toward a task and 
occurs when people adopt difficult goals and perceive 
themselves to have adequate skills to complete the task. 
Components of self-regulation include self-monitoring and 
self-evaluation (Kanfer & Ackerman, 1989). Information­
processing demands of the task, individual differences 
in cognitive abilities, and self-regulation processes together 
determine the distribution of attentional effort across 
on-task and off-task activities du.ring task engagement 
(Kanfer, 1990). 

Motivation and Dispositional Tendencies 

Individual differences in cognitive abilities, dispositional 
tendencies, and task attentional demands may affect learn­
ing and performance through their influence on the charac­
ter and quality of self-regulation during skill acquisition. 
The Kanfer and Ackerman framework is consistent with the 
theoretical foundation for action orientation and suggests 
that individual differences in action orientation affect 
complex skill acquisition through self-regulatory mecha­
nisms (Kuhl, 1994a). Action control theory suggests that the 
distinction between "action" and "state" orientation may 
further explain the relationship between goals and behaviour 
beyond that possible by goal setting (Farr, Hofmann, 
& Ringenbach, 1993). The construct of "action versus state 
orientation" affects self-regulatory abilities by mediating the 
initiation of a preferred activity and its maintenance, despite 
the presence of tempting distracters in the environment, and 
allows disengagement from it when the intended goal can't 
be attained (Kuhl, 1992). 

Kuhl's (1985) model of action control describes strate· 
gies, goal-directed intentions, and voluntary action. 
Research has demonstrated that individuals may be oriented 
toward the environment (action, behaviour) or toward inter­
nal states (e.g., rumination, introspection) (Kuhl, 1994b). 
Internal or state orientation often has a task-irrelevant focus 
that detracts from plan execution and increases the likeli­
hood of helplessness effects (Austin & Vancouver, 1996), 
while action-oriented individuals focus their attention 
on activities related to the immediate task, and experience 
emotional and affective states that support goal-directed 
action (Geen, 1995). There has also been the suggestion 
by Antoni and Beckman ( 1990) that action-control 
processes (a self-regulatory construct) moderate the effects 
of goal setting, and that hard, specific goals will increase 
action orientation. The moderating variables mentioned 
above have not yet been fully tested, but nevertheless will 
be important in future research into skill acquisition. 
Another important variable is emotional responses to skill 
acquisition, which will be discussed below. 

Emotion and Skilled Performance 

Emotion is one of the most central and pervasive aspects 
of human experience. While emotions colour, deepen, and 
enrich human experience, they can also cause dramatic 
disruptions in judgement and performance. In large part, 
research on individual differences in skill acquisition has 
progressed with little attention given to emotion, despite the 
obvious link between emotion and cognition, and its relation 
to sustained performance during skill development (Oatley, 
1987; Humphreys & Revelle, 1984). Early work on emotion 
and individual differences in performance focused 
on general subjective states and vigilance performance, 
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for instance, boredom. Other work has concentrated on the 
effects of stress on skilled performance through the impact 
of noise, loss of sleep, heat. anxiety, arousal, and so on (e.g., 
Humphreys & Revelle, 1984). Since the early 1980s, a great 
deal of research has been devoted to understanding the 
cognitive appraisal of events that elicit emotions (Ortony, 
Clore, & Collins, 1988). Emotions (positive or negative 
affective reactions) that a person can experience depend on 
the aspect of a situation (events, actions, or objects) to 
which one attends. including the outcomes of events, the 
agency of actions, the attributes of objects, and various 
combinations. 

Emotions may be influenced by what one wants, as well 
as by what one thinks. Smith and Ellsworth ( 1985) 
constructed dimensions of cognitive appraisal (e.g., atten­
tional activity, pleasantness, anticipated effort, responsibil­
ity, control) that were useful in distinguishing subjects' 
emotions. Later research confirmed these dimensions 
(Smith & Ellsworth, 1987). 

Modern theories, however, have little to say in the way 
of specific proposals about cognition and emotion. It is 
quite possible that the root cause of the dissociation between 
cognitive and emotion theories lies in the emphasis that has 
been placed in recent years on the computer metaphor 
of "human information processing". This approach to cogni­
tion has been noticeable in its failure to make progress 
on problems of emotion. Oatley ( 1987) proposed that the 
study of emotions is not just an "extra" in psychology and 
cognitive science. In human mental life, the more traditional 
cognitive activities, such as thinking, are often, or perhaps 
almost always, affected by emotions, and they occur in the 
context of several simultaneous goals (Oatley, 1987). 
Cognitive approaches to emotion are mainly concerned with 
the identification of variables that influence evaluation 
processes in humans, but it should be emphasised that an 
evaluation is not an emotion. Evaluations are a part of the 
total process that involves an organism interacting with its 
environment in biologically adaptive ways. Cognition 
is considered as more or less synonymous with thinking, 
and includes such functions as perceiving, conceptualising, 
and remembering (Plutchik & Kellerman, 1980). 

The importance of human consciousness to the study 
of emotions is that many of their important determining 
functions may take place only in consciousness~ Mandler 
( 1975) saw emotional consciousness as developing out 
of more basic and more general processes involving arousal 
and cognitive structures. The experience of emotion and the 
conditions for many emotional behaviours are the interac­
tional result of autonomic arousal and cognitive interpreta­
tions (Mandler, 1975). 

It would seem important to the study of skill acquisition 
to investigate the experience of emotions and the cognitive 
appraisal of such emotions whilst acquiring a skill. This 
work would reveal a link between emotion and perfor­
mance, and may provide an account of an individual's 
experience as he or she proceeds through the three phases, 
and of how the particular skill actually being acquired 
effects this experience. 

It has been suggested that emotions may sometimes 
be disruptive to performance, through emotions such 
as frustration and anxiety (Ellis & Ashbrook, 1988). 
In general, the amount of attentional resources people 
can invest in an activity is assumed to be limited and 
variable, being influenced by factors such as arousal and 
emotional states. Researchers have focused on the impact 
of negative affect on attentional resources (Ellis 
& Ashbrook, 1988). Ellis and Ashbrook's resource-alloca­
tion model proposes that negative affective states are likely 
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to reduce the resources that can be allocated to a given task. 
This is because mood-congruent thoughts, possibly induced 
by the task itself, intrude into consciousness and may induce 
reflection about one's current mood state, bodily sensations, 
and sources of one's mood. Chronic negative affect can 
be associated with greater self-focused attention and self­
monitoring (l Wood, Saltzberg, & Goldsamt, 1990). which 
may involve attempts at self-understanding that require the 
investment of attentional resources. 

Together, intruding thoughts caused by negative affec­
tive states that were a consequence of negative cognitive 
appraisal of an event may interfere with information 
processing and result in demand for more than minimal 
amounts of attentional resources, thus inhibiting perfor­
mance and automaticity. These processes may be evident 
in subjects' reports of emotional experiences, metacognitive 
processes, and causal attributions. On average, negative 
emotions can therefore be assumed to lead to a much more 
elaborate processing of situational and self-related informa­
tion than positive emotions do, although positive emotions 
might also induce much task-irrelevant thinking if they are 
sufficiently intense (Ellis & Ashbrook, 1988). 

A number of theorists, noting the role of discrepancy 
or disruption in generating the arousal associated with 
emotion, have suggested that the function of emotion 
is to trigger or modulate self-awareness or control functions. 
For example, Mandler (1975) described autonomic arousal 
as "a signal to the mental organisation for attention, alert­
ness, and scanning of the environment" (p. 118). Thus, the 
effect of negative affect during processes of skill acquisition 
would be to increase self-monitoring and evaluation and 
thus greater attentional resource allocation. Intrinsic motiva­
tion, motivation directed at performing an action for its own 
sake, is intimately linked to the experienced cognitive and 
emotional properties of tasks. It follows that emotions 
connected to task contents can trigger and sustain intrinsic 
motivation. Extrinsic motivation may be defined 
as motivation that aims at performing an action because 
of its outcomes, or aiming beyond .the current task 
to tackling the next one (Pekrun, 1992). Pekrun (1992) 
suggested that the effects of positive emotions may 
be beneficial in most cases and that the impact of negative 
emotions such as anxiety or dissatisfaction may well 
be ambivalent. 

Metacognitive Awareness of Acquired Skills 

Another sense of consciousness in cognitive skill involves an 
individuals' metacognitive awareness of acquired skills. The 
term metacognition has increasingly been employed 
to refer to a person's "cognition about cognition", that is, the 
person's knowledge of cognitive processes and states such 
as memory, attention, knowledge, conjecture, and illusion 
(Wellman, 1985). Such awareness is often possible and 
presumably necessary for strategic restructuring of cognitive 
routines (D. Carlson, 1997). Five different overlapping sets 
of knowledge are thought to form a person's metacognition 
(Wellman, 1985), including cognitive monitoring abilities 
to accurately assess the state of information within one's 
own cognitive system, and knowledge of one's moment·by­
moment understanding of cognition. 

With increasing skill, it appears that conscious control 
is streamlined as performance depends on different or larger 
units of information. As the units of knowledge and perfor­
mance change with practice, the experience of skilled 
performance also changes. Researchers are beginning 
to realise that even so-called automatic processes are in fact 
under control in some sense (D. Carlson, 1997). Humans are 
often able to "read" their own mental states, or monitor their 
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ongoing cognitive processes. Cognitive monitoring refers 
to abilities to accurately assess the state of information 
within one's own cognitive system. This knowledge of the 
contents of one's mind is part of the person's moment·by­
moment understanding of his or her cognition, and thus part 
of his or her conception of cognition itself (Forrest-Pressley, 
MacKinnon, & Waller, 1985). Less able learners and those 
who show poor generalisation and transfer typically have 
underdeveloped metacognitive skills (D. Carlson, 1997). 
The role that metacognition might play in the acquisition 
and transfer of perceptual-motor skills is, however, 
relatively unexplored territory. 

Devolder and Pressley (1992) explored the role of causal 
attributions and strategy use in relation to memory petfor­
mance. They found that attributions to controllable factors 
(i.e., strategy use) were associated with increased memory 
performance compared to when memory was attributed to 
uncontrollable factors (i.e., ability). They suggested that 
believing that performance is controllable may undermine the 
efficient use of effort in cognition, consistent with current 
metacognitive theory. 

Although the role of metacognition has been investi­
gated with memory tasks, little research has been conducted 
with more real-world tasks (e.g., text editing), nor has work 
been done investigating causal attributions and strategy use 
during the process of acquiring a skill. 

Memoty 

Memory is an essential part of the information-processing 
system that governs learning and is of utmost importance 
for 'the maintenance of learning over time. In order 
to store, retain, recall, and relearn information, many uncon­
scious and conscious processes need to be undertaken. 
The ability of people to apply their memory to skills, either 
as an inherent capacity or conscious strategies such 
as mnemonics, affects an individual's capacity to remain 
skilled in a task over time. As such, assessing these individ­
ual differences may shed insight on how retention of skills 
may be improved. Retention and transfer of skills acquired 
from training is of crucial importance if training programs 
and instruction are going to lead to boosts in organisational 
productivity and individual benefit. As part of the informa­
tion-processing system, memory plays a crucial role in these 
processes. While memory plays a part in all learning and 
retention, different components of memory may be more 
important at different times. As Woltz (1988) has suggested, 
individual differences in component memory abilities may 
relate to task performance in dynamic ways. In a study by 
Rogers, Hertzog, and Fisk (2000), young and older adults 
showed a high correlation for general ability, with working 
memory correlated at .79 and associative memory at .69. 
However. other studies utilising different component 
measures suggest correlations substantially lower. such as 
.09 for memory span for letters and .24 for memory span for 
words (Palmer, MacLeod, Hunt, & Davidson, 1985). Thus, 
it might be inferred that memory ability, although related 
to general cognitive capacity, will affect task performance 
in ways not captured simply by measures of intelligence. 

Throughout the psychological literature, there have been 
several utilisations of the concept of memory for the 
purpose of explaining individual differences in skill acquisi­
tion. Tests of memory ability are often used in neuropsy· 
chology to assess brain damage, assess specific cognitive 
disabilities, and evaluate general cognitive functioning 
(Hilsabeck, Schrager, & Gouvier, 1999). By exploring 
individuals with exceptional memory skills, expertise 
research (Ericsson, 1985; Ericsson & Chase, 1982; 
Ericsson, Krampe, & Tesch-Romer. 1993) has shown the 



way memory competence may be a learned and practiced 
skill that is often limited to a specific task or domain. Also, 
some researchers in cognitive psychology (eg., Carroll, 
1993; Kyllonen, 1996) have incorporated individual differ­
ences in working memory, exploring its role in setting 
limitations and potentials of information-processing capaci­
ties. Finally, measures of component memory ability have 
been used in skill-acquisition research, often using the 
ability-performance correlation paradigm (e.g., Echt, Morrell, 
& Park, 1998; Woltz, 1988). From these diverse theoretical 
orientations, it is possible to see the various ways that the 
fundamental information-processing system of memory may 
relate to individual differences in cognitive skills. 

Anderson's ACT (1982) theory of skill acquisition 
is useful in understanding the role of component memory 
abilities in skill-acquisition processes, and it was success­
fully applied in Woltz's (1988) study exploring the relation­
ships between task performance and different types 
of working memory. Anderson's theory suggests that skills 
are composed of two types of knowledge, namely, proce­
dural knowledge, represented by condition-action associa­
tions, and cognitive factual units called chunks. As skill 
acquisition progresses, a process of composition occurs, 
whereby effective condition-action associations are 
reinforced and aggregated into larger cognitive chunks 
(Lewis, 1978; Neves & Anderson, 1981). This process 
of proceduralisation results in a reduction in cognitive 
resources being placed on short-term memory and allows 
more advanced strategic and executive performance 
to occur. Anderson and Pirolli ( 1984) suggested that 
a process of spreading activation occurs during learning, 
whereby task-associated information chunks of the individ­
ual's semantic network are activated. The speed at which 
conditions lead to their associated action (production rule) 
is suggested to be predicted by the efficiency of this spread­
ing activation process. This theory has successfully been 
utilised in studies of serial memory tasks (Anderson 
& Matessa, 1997) and human-computer interactions 
(Anderson, Matessa, & Legiere, 1997). 

Using ACT theory as a foundation for the purpose 
of guiding future research, several different hypotheses may 
be suggested relating individual differences in component 
memory abilities with task performance. The present review 
predicts that, during Phase 1 of skill acquisition, when high 
demands are placed on attentional resources and remember­
ing declarative rules, working memory will be most predic­
tive of task performance. Woltz (1988) supported this 
prediction, finding that controlled attention in working 
memory predicted initial factual rule learning. In Phase 2, 
when there is a need to chunk and aggregate production 
rules, associative memory is likely to be more predictive. 
As they predicted, Rogers et al. (2000) found that associa­
tive memory ability was predictive of skill acquisition on an 
associative learning task. Finally, procedural memory could 
be predicted to show progressively higher correlations 
as performance enters Phase 3 and approaches asymptote 
performance due to the need for faultless execution 
of complex skill chunks. A study by Hertzog, Cooper, and 
Fisk (1996) may be interpreted as supporting this, when 
they found that semantic memory access remained a strong 
predictor of performance on a memory search task. Instead 
of procedural semantic memory representing intelligence, 
as they suggested, it could be understood as a component 
of procedural memory required for faultless execution of the 
performance task. 
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Retention 

Because skill acquisition in a real-world context occurs over 
time and involves extended periods of non-practice, the 
maintenance and retention of performance at a competent 
level is highly important. Although in a review it was shown 
that superior retention is achieved through better initial 
learning (Healy & Sinclair, 1996), research into individual 
cognitive differences and encoding strategies supports the 
idea that there is significant variation in the capacity of 
individuals to transfer and retain acquired skills (Bors & 
MacLeod, 1996). To account for these differences, the 
concept of general memory ability may be useful or, 
as found by Kyllonen, Tirre, and Christal ( 1991 ), such 
differences may be specifically related to some measure 
of long-term memory retrieval and encoding ability. 
However, it has proved challenging to attain valid, reliable, 
and useful measures of either of these memory abilities. For 
example, it was found that two tests of general memory 
ability, the WMS-R and the MAS, were not highly related 
(Golden, White, Combs, Morgan, & McLane, 1999). 
Researchers in the expertise literature who emphasise the 
learned nature of memory skill have shown how scores 
on memory tests can be dramatically enhanced with practice 
(Ericsson & Charness, 1994). This was further supported 
in a study by Willoughby, Waller, E. Wood, and MacKinnon 
(1993), who found that familiarity with the content of 
memory tests can affect recall, presumably because, with 
practice, information becomes more meaningful and easier 
to encode. 

In a literature review, Bors and MacLeod ( 1996) 
proposed that the amount of knowledge attained by an 
individual influences the effectiveness of long-term memory. 
In line with this notion, it was found that the amount of 
factual knowledge already attained predicted final retention 
in paired associate learning tasks (Kyllonen et al., 1991; 
Kyllonen & Tirre, 1988). This finding was interpreted 
by Kyllonen et al. (1991) as resulting from improved capac­
ity to draw associations between new and established infor­
mation. It was also found that speed of search through 
long-term memory improved task performance (Kyllonen 
et al., 1991). While the extent to which these findings apply 
to procedural skills is unresolved, it could be deduced that 
greater general motor skills would allow for more rapid skill 
acquisition and greater retention of motor skills. However, 
it may not only be internal influence such as memory that 
can affect skill-acquisition performance; the external 
environment needs to be considered also. The next section 
will discuss the role of practice distribution and external 
interruptions in a training environment. 

External Influences on the Acquisition 
of a Skill: Distribution of Practice 
and Interruptions 
Distribution of Practice 

In determining the optimum length of a training session, 
it should be asked whether it is easier to learn a new task 
by practising it continuously until mastered, or whether 
it is better to divide the time into short periods interspersed 
with rest or other activity. The superiority of continuous 
or spaced practice clearly depends on a balance amongst 
several factors. The distribution of practice has a long 
history of research in the study of motor learning (Adams, 
1987). The relative efficacy of distributed over massed 
practice was first demonstrated by Ebbinghaus in 1885 
(McGeoch, 1952). Many studies show that massed practice 
results in considerably poorer perfonnance during acquisi-
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cion. Lee and Genovese (1989) conducted a meta-analysis of 
the literature to determine whether distributed pral.':tice 
produces better learning than massed practice. Their meta­
analysis showed that massed practice does result in poorer 
learning than distributed practice, although the effect is 
smaller on retention tests than during acquisition. Two main 
reasons have been advanced to account for the cases 
in which spaced practice is superior. First, if material 
is indeed held in some kind of dynamic short-term store 
while more permanent traces are being established, "consol­
idation" of the trace will outlast the actual presentation 
of the material to the subject and will continue during part 
of the gap between one practice session and the next. 
The second type of advantage suggested for spaced practice 
is that the pauses allow certain after-effects of previous 
training trials to die away and thus reduce any adverse 
influences they might have on subsequent trials (Welford, 
1968). Is there an optimum length of training sessions? 
Henshaw and Holman (1933) found that 80 minutes train­
ing per day at a chain-assembly task yielded a net improve­
ment of 160 minutes. 

Research examining how the distribution of practice 
may affect ability-performance relations in this area 
is sparse. From their research, Fleishman and Ellison (1960) 
concluded that the same abilities contributed to performance 
during massed practice as contributed to performance 
during distributed practice trials. However, ability-perfor­
mance relations during the trial following the break after the 
massed practice trial were markedly affected, with predic­
tions for all ability variables dropping significantly 
compared to the other trials of practice. Fleishman and 
Ellison ( 1960) suggested that individual differences 
in recovery from "fatigue" or inhibition-like states seemed 
to depend on abilities different from those that predict learn­
ing. In contrast, a more recent study suggested that the abili­
ties that contribute to performance during massed practice 
are different from those that contribute during distributed 
practice trials (Mumford, Constanza, Baughman, Threlfall, 
& Fleishman, 1994). This is in contrast to Ackerman's 
(1988) findings that, after each break in practice (distribut­
ing practice), perceptual speed was more related to perfor­
mance than it was prior to the break. However, Mumford 
et aL (1994) also suggested that the benefits of distributed 
practice are not as evident for less complex tasks, where learn­
ing can proceed through the acquisition of stimulus-response 
linkages and associational mechanisms, and that this may 
explain this difference. 

As skill acquisition proceeds, the knowledge required 
to perform the skill is transferred to long-term memory 
where it can remain for a much longer period of time. 
Baddeley ( 1990) suggested it is possible that subjects boost 
their learning and thus their performance on tasks with 
information temporarily located in working memory, even 
when mainly using information held in long-term memory 
store. Baddeley also argued that interfering material will 
impair retention of material by causing infonnation in long­
term memory to be forgotten. Underwood and Schulz 
(1959, 1961) provided empirical support for the suggestion 
that measurable forgetting can occur over the intervals used 
to define distributed practice. Their results indicated that 
forgetting of responses occurred over rest intervals and that 
the longer the interval, the greater the amount of forgetting 
that occurred. Others have suggested that distributed 
practice can lead to forgetting if the inter-trial intervals 
become "long enough" Mazur and Hastie ( 1978), while 
reviewing the literature on distributed practice, suggested 
that subjects' projected asymptote for performance on a 
simple perceptual task with a trial length of 60 seconds 
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increased with longer rest periods up to 60 seconds, and then 
decreased, was evidence of forgetting over the longer rest 
intervals. Research by Ackerman (1988) suggested that learn­
ing a task could largely proceed through the development of 
stimulus-response linkages and that relatively large breaks in 
practice weakened these associations as subjects forgot some 
of what was learned. After the breaks, perceptual speed 
became more influential as the stimulus-response connec­
tions were strengthened. Ackerman's (1988) findings, there~ 
fore, can be used as partial support for the suggestion that 
forgetting may occur if practice is distributed. Breaks may 
be seen as similar to ''inconsistent'' task components in that 
they decrease the strength of learned associations. 

The Influence of Interruptions 

Landscape offices are characterised by external interrup­
tions such as phone calls, email messages, fax deliveries, 
and colleague enquiries (Gregory, 1998; Kaye, 1999), so it 
is highly likely that interruptions in the work environment 
will occur while workers are learning new skills. An inter­
ruption is described as "an externally generated, randomly 
occurring, discrete event that breaks continuity 
of cognitive focus on a primary task" and demands immedi­
ate allocation of attentional resources (Corragio, 1990, cited 
in Speier, Valacich, & Vessey, 1999, p. 339). These 
demands placed by interruptions on attentional resources 
often result in information overload. Kahneman ( 1973) 
identified two types of attention models accounting for the 
phenomenon of information overload: capacity and struc­
tural. The capacity theory of attention assumes a general 
limit on the amount of mental work the human brain can 
process at a time, where processing of concurrent activities 
may result in interference as the demands on attentional 
resources exceed the available capacity. The structural 
theory of attention assumes that human attention resource 
is structured like a "bottleneck", allowing only a limited 
amount of information through for cognitive assessment 
(Kahneman, 1973). Interference occurs when the same 
physiological mechanism is required to process two incom­
patible operations at the same time. Both theories predict 
that concurrent demands on attentional resources, such 
as those caused by interruptions, interfere with performance 
on a complex task, which requires large attentional avail­
ability and focus. Research (e.g., Speier et aL, 1999) recog­
nises two categories of interruptions: (a) those that effect 
cognitive processing (e.g., Kahneman, 1973); and (b) those 
that present as social characteristics, influencing the manner 
of decision makers' response (e.g., Kirmeyer, 1988). 

Interruptions have been investigated in association with 
diverse psychological phenomena, such as information 
overload (Speier et al., 1999), speed (Zijlstra, Roe, Leonara, 
& Krediet, I 999), and accuracy (Cellier & Eyrolle, 1992) 
of performance; work stress (Kirmeyer, 1988); emotional 
states (Seibert & Ellis, 1991); age (Czaja & Sharit, 1998); 
gender (Joesch, 1997); and boredom (Fisher, 1998). 
No studies have directly examined the effect and demands 
of interruptions on attentional resources during the process 
of skill-acquisition performance. 

Three types of theories are commonly employed 
to explain the effect of interruptions on performance: (a) 
arousal theory (Cohen, 1978), (b) distraction/conflict theory 
(Baron, 1986), and (c) attentional overload theory (Cohen, 
1978). Arousal models predict that external stressors (e.g., 
interruptions) change phasic arousal levels, raising or lower­
ing activity levels, which influences performance (Cohen, 
Evans, Stokols, & Krantz, 1986). During the optimal level 
of arousal, it could be predicted that performance is most 
likely to be adversely effected during Phases I and 2 of skill 



acquisition, namely, prior to asymptote performance. The 
distraction/conflict theory was developed to explain the 
effect of distracters such as heat and noise on perfonnance. 
It states that the occurrence of a distracter elevates stress 
levels and narrows attention, causing irrelevant cues to be 
dismissed or ignored (Baron, 1986). Cohen's (1978) atten­
tional overload theory is most applicable to the examination 
of functions of attentional resources during skill acquisition. 
This theory states that interruptions demand immediate 
allocation of attention, causing a shift of focus from the 
main task to the interruption task and reducing the cognitive 
capacity available for completion of the main task (Cohen, 
1978). Intenuprions cause infonnation overload by confronting 
cognitive and attentional capacities with more cues than they 
can process at once. Tills often results in the brain allocating 
available attention capacity to more important aspects 
of a task, resulting in omission of other cues (Cohen, 1986). 

Interruption characteristics, such as frequency, duration, 
content, complexity, timing, and the type of main task inter­
rupted determine the effect of interruptions on performance. 
Shiffman and Greist-Bousquet (1992) conducted a study 
where participants estimated completion times of inter­
rupted and uninterrupted tasks. They found that the interrup­
tion of a task had a "lengthening effect on perceived time 
duration" (Shiffman & Greist-Bousquet, 1992, p. 9), 
suggesting that attention overload results in perceptions 
of increased time on task performance. Gillie and Broadbent 
( 1989) also examined the effects of various types of inter­
ruptions and found that the length of an interruption did not 
deteriorate performance, while the content did. They also 
discovered that a secondary/interruption task with content 
similar to the main task as well as a complex dissimilar task 
both deteriorated performance. Iselin ( 1998) contributed 
to this when he found that interruptions of content diverse 
from the main task increased decision time more than inter­
ruptions of similar content as the main task. The deteriora­
tion of performance caused by interruptions illustrates their 
demanding effects, which require concurrent processing 
of overloading amounts of cues. 

One of the most interesting effects of interruptions 
on performance is their ability to deteriorate perfonnance 
on complex tasks, while facilitating performance on simple 
tasks (Speier et al., 1999). R. Wood's (1986) classification 
system for complex and simple tasks explains that complex 
tasks require more information processing than simple tasks 
and are characterised by interrelated outcomes, where 
processing one part of the task influences the processing of 
a subsequent part. Several studies have supported the finding 
of interruptions deteriorating performance on complex tasks 
and resulting in faster completion times on simple tasks (e.g., 
Baron, 1986; Fisher, 1998; Gillie & Broadbent, 1989; Speier 
et al., 1999). Speier et al. (1999) studied the influence of 
interruptions on simple and complex task performance by 
interrupting participants and imposing a clear screen over 
their main computer task, asking them to complete 
a secondary/interruption task. They found that interruptions 
of complex tasks increased decision time and decreased 
decision accuracy, while interruptions of simple tasks 
decreased decision time with no effect on accuracy. Zijlstra 
et al. ( 1999) also concluded that interruptions are capable 
of facilitating performance, when they found participants 
changing their work strategy and completing the main, 
simple and repetitive, text-editing task faster in response 
to an interruption. 

The facilitating effect of interruptions while performing a 
relatively simple task was also observed by Fisher (1998). 
Fisher focused more on the emotional rather than cognitive 
interference effect of interruptions, examining the attentional 
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difficulties associated with interruptions and their effect on 
boredom. She found a positive relationship between inter­
ruptions of simple tasks and boredom reduction. The simple 
tasks consisted of repetitive manual assembly of objects and 
were perceived as less boring when accompanied by an 
interruption-generated stimulation. Fisher (1998) explained 
this finding by stating that the monotonous nature of the 
simple task gained "'renewed energy and strengthened 
effort" in response to an interruption (p. 520). The reported 
research suggests that the type of main task interrupted and 
the type of interruption both determine the effect of inter­
ruptions on performance. This holds implications for 
various stages of skill acquisition, suggesting that interrup­
tions are likely to have a negative effect on the initial, 
complex phase of skill acquisition, while facilitating perfor­
mance on a well-learned routine. 

Cohen's (1978) attentional overload theory offers expla­
nation for the influence of interruptions and attention 
overload on simple and complex task performance. While 
performing a complex task, it is necessary to process a wide 
range of stimuli to reach successful results. During such 
deep and focused processing, an interruption proves harmful 
as it causes restrictions to attentional focus, leaving out 
crucial stimuli and impairing performance (Baron, 1986). 
While performing simple tasks, only a few cues are required 
for adequate performance, and an interruption helps 
to restrict focus back to the main task by "screening out 
non-essential (distracting) stimuli that would only take time 
away from the main task" (Baron, 1986, p. 28). Well-learned 
or asymptote performance does not suffer from interruption 
interference as it requires minimal attentional and cognitive 
processing. Demands on attentional resources during 
automatic perfonnance may focus attention back to the main 
task and result in faster performance. 

Figure 2 illustrates the possible effect of interruptions on 
progress through stages of skill acquisition. It can be seen 
that when the task is complex and requires high usage of 
attentional resources, an interruption will. break focus and 
deteriorate performance. During Phase 3, the task becomes 
automatic and simple, requiring minimal attention and an 
interruption will focus attention back to the task and result 
in facilitated performance. The model was adapted from 
Ackerman's (1988) and Cohen's (1978) Attentional 
Overload theory. However this representation, although a 
useful graphic illustration of some parallel processes at 
work during skill acquisition, is still tied to the idea of 
stages and the ability-performance relationship. 

Figure 2 shows (after Ackerman, 1988), the common 
characteristics of complex tasks during the three stages 
of skill acquisition and the effects of interruptions during 
complex performance. The first stage of skill acquisition 
draws heavily on general cognitive abilities in three broad 
domains. The second stage draws heavily on perceptual­
speed abilities, and the third phase draws on psychomotor 
abilities. Attentional resources and focus are high in demand 
during Phase 1 of skill acquisition, and gradually cease 
as the skill becomes better acquired and becomes more 
"simple" or straightforward, that is, once learning has 
occurred. An aspect of the attentional overload theory 
predicts that "tasks that demand considerable attention 
on the part of the subject would be sensitive to fluctuations 
in available processing capacity" (Cohen, 1978, p. 897). 
It follows from this preposition and from past research 
on the effect of interruptions on complex task performance 
(e.g., Baron, 1986; Speier et al., 1999) that interruptions of 
the slow and effortful declarative knowledge phase of skill 
acquisition would deteriorate speed and accuracy of perfor­
mance by overloading the processes in attentional capacity. 
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Kanfer and Ackerman ( 1989) concluded that tasks that 
are initially resource-dependent become progressively 
resource-insensitive with practice during skill acquisition. 
The attentional overload theory explains that interruptions 
may not have an overloading effect on simple, "well 
practiced" tasks that "require little effort" (Cohen, 1978, 
p. 97). Fisher ( 1998), Speier et a!. (I 999) and Zijlstra et a!. 
( 1999) observed this facilitating effect of interruptions when 
presented during performance on low-attention, monotonous 
tasks. Based on these findings and the similarity of low­
attention simple tasks and Phase 3 asymptote performance of 
Ackerman's ( 1988) model, it is likely that interruptions 

would facilitate speed of performance during Phase 3 of 
skill acquisition by stimulating the performer and focusing 
their attention back to the main task. This is a fruitful area 
for future research. 

In sum, this model can be constructive in providing 
hypotheses for experimental research that examines the 
effect of a range of interruptions on skill acquisition 
of moderately complex tasks such as word processing, and 
other heavily psychomotor tasks found in manufacturing 
(e.g., assembly line work). and retail (e.g., cashier). It is 
timely that, with over 40 years of research into skill acqui­
sition, the effect of process (as described in the current 
work), is finally taken seriously. 

Task is novel and 
complex. Interruption breaks 

attentional focus Attention load is high 

FIGURE2 

Level 

Speed 

Interruption 
focuses attention 
back on the task 

Cognitive resources 
suffer information 

overload. 
Performance impaired 

Psychomotor 

Attention is 
focused. 

Performance is 
facilitated. 

Task performance 
is automatic. 

Attention load is 
low 

Phase 1 

Phase 2 

Phase 3 

The predicted effect of interruptions on attentional resources during Phase 1 and Phase 3 of skill-acquisition. 

Note: Adapted with permission from Ackermar1, P.L (1968). The cylinder section only of the model was created by Ackerman. 

Resource 
Dependency 

Automaticity 

Determinants ol individual differences during skill acquisition: Cognitive abilities and information processing. Journal of Experimental Psychology: General, 117, 
288-316. Copyright 1968 by the American Psychological Association. 
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