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Impairments in executive function, self-regulation and attribution individually
have been implicated in impairment in goal-directed behaviour, resulting in
reduced participation in daily activities by individuals with brain injury.
There is minimal literature that explicitly addresses the relationships among
these constructs, how these may be affected by brain injury and the impli-
cations for rehabilitation. The objectives of this study were to determine
what is known about the relationship between executive function, self-regu-
lation and attribution, and to understand how these inter-relationships affect
goal-directed behaviour in adults with acquired brain injury. A scoping
review of the cognitive neuroscience, neuropsychology, rehabilitation, edu-
cational and social psychology literature from 1985 to 2011 was performed.
The identified literature provided definitions of the constructs and insight
into the relationships between them according to their neural underpinnings
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and theoretical models. These data also provided for the development of a new
model illustrating the hypothesised relationships between constructs. This
review and the model developed, suggest that attribution may play an important
role in executive function and self-regulation. Rehabilitation interventions that
address formulation of appropriate attributions should be considered in con-
junction with those targeting self-regulation and executive function for individ-
uals with brain injury.

Keywords: Executive function; Self-regulation; Attribution; Rehabilitation;
Brain injury.

INTRODUCTION

Independence in daily life relies on complex cognitive functions that promote
adaptive goal-directed behaviour. Goal direction, the process through which
we identify, pursue and evaluate progress towards desired outcomes, is fre-
quently disrupted by acquired brain injury (Duncan, Emslie, & Williams,
1996) and this can negatively impact independence. One potential mechanism
underlying poor goal-directed behaviour after acquired brain injury is disrup-
tion of its constituent processes, including executive function, self-regulation
and attributions (cognitive beliefs) (Anderson, 2009; Hart & Evans, 2006;
Kennedy & Coelho, 2005; Moore & Stambrook, 1995; Stuss, 2009). While
the impact of discrete deficits in each of these constructs is becoming better
understood, little is known about how impairment in these areas interact, and
the potential impact on goal-directed behaviour following brain injury.

Moore and Stambrook (1995) took an initial step towards acknowledging
this relationship in their conceptual model that described an association
between cognitive deficits (executive function, self-regulation) and cognitive
beliefs (attribution). They proposed a relationship that was detrimentally
affected by acquired brain injury and resulted in poor psychosocial outcomes.
The nature of the relationship between executive function, self-regulation and
attribution was not explicitly stated, nor were direct links made with perform-
ance of goal-directed behaviours. Theories of self-regulation (Kennedy &
Coelho, 2005; Zimmerman, 2005) and self-regulated learning (Boekaerts,
1996; Butler & Winne, 1995; Garner, 2009) have more specifically linked
the use of metacognitive strategies (executive function) and one’s beliefs
(attribution) to goal-directed behaviours.

Research about these constructs has been undertaken in many disciplines
including neuroscience, social psychology, education, and rehabilitation, yet,
there is little work that combines findings across fields resulting in variability
in how constructs are defined and studied. Previous conceptual models have
not been reviewed in light of emerging neuroscience research. For example,
Moore and Stambrook’s model could be updated to include what we now
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know about executive function and attribution. Neuroscience literature appears
to have paid little attention to the education literature that addresses self-regu-
lated learning and goal-oriented performance. To date, there is no specific
model that explicitly addresses the relationship between executive function,
self-regulation and attribution and the implications for acquired brain injury.

PURPOSE AND OBJECTIVES

The purpose of this review was to undertake an investigation into the relation-
ship between executive function, self-regulation and attribution with respect
to goal-directed behaviour in adults with acquired brain injury across diverse
research literatures. The specific objectives were: (1) To define the constructs
of executive function, self-regulation and attribution; (2) To describe what is
known about the relationship between these constructs in goal-directed be-
haviour; (3) To develop a conceptual model that illustrates this relationship;
and (4) To describe the effects of impairment on this relationship.

METHOD

A scoping review methodology was used as its purpose is to identify, extract
and summarise relevant literature concerning a particular topic when expan-
sive literature exists (Arksey & O’Malley, 2005). Scoping reviews offer a
broad perspective regarding the topic of interest and aid in identifying ques-
tions for more specific review and future study (Arksey & O’Malley, 2005).
While systematic and scoping reviews both use methods that are transparent
and reproducible, scoping reviews are focused more on summarising results
across multiple sources. We anticipated scoping review methodology
would enable us to provide a general overview of multiple areas of literature
through the inclusion of a variety of publications, including reviews, qualitat-
ive and quantitative studies, theoretical papers, and book chapters.

Data sources

The following databases were searched for relevant literature published from
1985 to 2011: Education Abstracts, ERIC, Medline, PsycArticles, PsycCrit-
ques, and PsycInfo. These databases were selected as they provide broad cov-
erage of published research in the fields of rehabilitation, social psychology,
educational psychology, cognitive neuroscience and neuropsychology.

Data search

Initial search terms were purposefully broad (executive function, self-
regulation, attribution). The terms “locus of control”, “causality”,
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“executive control”, and “self-regulated learning”, were added following
preliminary searches as these terms appeared to be used interchangeably
in the various literatures with our chosen search terms. We opted not to
use specific cognitive skills (e.g., problem solving, awareness, metacogni-
tion) as search terms as we were interested in finding out which cognitive
skills were associated with each construct and felt that this approach may
bias our results. Since only three papers were identified using search
terms that addressed all three areas (see Table 1), additional searches
were conducted using combinations of search terms including two of the
three constructs. These identified an additional 590 abstracts. Forward
and backward searches of reference lists, and manual searches of related
conference proceedings were also conducted. Additional literature was
identified as it was previously known to the first author and/or by the
senior author.

Study selection

A total of 593 abstracts were reviewed using the following criteria. Papers
were included if they:

1. Addressed one or more of the constructs of self-regulation, attribution
or executive function; and/or

2. Provided a definition of the particular construct(s) addressed; and/or
3. Addressed the construct in healthy adults or adults with acquired brain

injury (stroke, traumatic brain injury, brain tumour); and/or
4. Addressed the neural correlates of these constructs within the popu-

lations noted in (3).

TABLE 1
Search terms

Search Keywords used

Relevant sources

identified

1. executive function∗ OR executive control

AND self-regula∗

AND attribution∗ OR attribution theor∗ OR locus of control

OR causality

3 sources

2. executive function∗ OR executive control AND self-regul∗

OR self-regulated learning

590 sources

3. self-regul∗ OR self-regulated learning

AND attribution∗ OR locus of control OR causality

4. executive function∗ OR executive control

AND attribution∗ OR locus of control OR causality
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Papers were excluded if they:

1. Addressed clinical paediatric, or developmental diagnoses (e.g., atten-
tion deficit disorders, learning disabilities, autism spectrum disorders).

2. Addressed non-acquired brain injury impairments (e.g., mild cognitive
impairment related to the aging process or neurodegenerative diseases).

3. Addressed cognitive impairment due to mental health diseases (sub-
stance abuse, depression, schizophrenia).

4. Were written in languages other than English.

Fifty-three papers were chosen for more in-depth review.

Data extraction, collation and summation

Each paper meeting criteria was reviewed using a common analytical frame-
work. Quantitative papers examined hypotheses, study population, method-
ology, outcome measures and results. A descriptive framework was used
for qualitative papers and book chapters, and included construct definition,
evidence and/or models described. Data were extracted and organised
according to each objective and then according to similar themes identified
within those groupings. Data were then examined for inter-relationships
between constructs according to objectives.

RESULTS

Defining executive function, self-regulation and attribution

Since considerable variability was found regarding definitions of executive
function, self-regulation and attribution, the first objective of the review
became defining each construct to establish a foundation from which we
could explore similarities and differences. Definitions were developed by
examining how each construct functions within the context of goal-directed
behaviour from neuroscience and behavioural perspectives.

Executive function. Executive function is defined as an overarching cogni-
tive process, mediated by attention, that coordinates and integrates multiple
subordinate cognitive skills to enable goal-directed behaviour (Cicerone,
Levin, Malec, Stuss, & White, 2006; Stuss, 2009). This definition was devel-
oped based on three commonalities that emerged from the literature.

The first commonality, the overarching nature of executive function, was
described in earlier seminal conceptualisations as a “central executive” (Bad-
deley, 1996) and a “supervisory attentional system” (Norman & Shallice,
1986) that direct behaviour. More recently, Cicerone and colleagues (2006)
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explained executive cognitive functions, using neuroanatomical features, as
one of four frontal lobe domains.

The second common theme is that executive function is comprised of sub-
ordinate cognitive skills. There is great variability reported as to what those
skills are. However, there is a trend toward those associated with task
setting and task monitoring (Stuss, 2009) such as goal selection, cognitive
flexibility, impulse control, planning and organsation, problem solving and
decision making (Anderson, 2009; Declerck, Boone, & De Brabander,
2006; Garner, 2009). There is overlap reported between executive function
and self-regulation definitions with respect to monitoring functions (Cicerone
et al., 2006) which may be explained, in part, by frontal activation networks in
which common neural structures are activated according to differing cogni-
tive demands and task settings (Duncan & Owen, 2000). Stuss (2009)
includes self-monitoring, defined as the process of checking the task over
time for quality and subsequent adaptation of behaviour, within executive
cognitive function, and associates it with right frontal ventro-lateral regions
of the brain.

The third major commonality is the general consensus that the frontal lobe
and, in particular, prefrontal cortex is central to executive function (Stuss,
2009). The dorsal lateral prefrontal cortex (dlPFC) has been implicated in
integrative activity (Chikazoe, 2010; Ridderinkhof, van den Wildenberg,
Segalowitz, & Carter, 2004; VanOverwalle, 2009) while the dorsal medial
prefrontal cortex (dmPFC) has been implicated in impulse and inhibitory
control (Declerck et al., 2006; Tops, Boksem, Luu, & Tucker, 2010).
Increased communication between these areas has been demonstrated
during conscious goal-directed behaviour supporting the integrative and reg-
ulative nature of executive cognitive functions (Cavanagh, Cohen, & Allen,
2009). Schmahmann (2004) implicates the cerebellum in executive function,
and extends our understanding of executive function beyond the frontal lobe,
supporting Stuss’s (2006) contention that executive function is comprised of
specific processes that are integrated and expanded beyond the frontal lobes
as required by specific tasks.

Self-regulation. Self-regulation is the process used to adjust performance
as an individual works toward identified behavioural goals within a specific
context. This process occurs on two levels: complex or unfamiliar tasks use
consciously directed self-regulation involving executive processing, while
more automatic, familiar tasks forgo this additional dispensation. Reflected
in this definition are themes identified in the various literatures that self-regu-
lation is an active, overarching process involving engagement in planning,
self-observation, self-reflection and performance adaptations that occur auto-
matically or at a conscious level (Crocker, Brook, Niiya, & Villacorta, 2006;
Garner, 2009; Hart & Evans, 2006; Ownsworth, Fleming, & Hardwick, 2005;
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Ownsworth, Quinn, Fleming, Kendall, & Shum, 2009; Rasmussen, Wrosch,
Schier, & Carver, 2006). Social cognitive psychologists depict effective
self-regulation as the ability to exert control over one’s own behaviour
while recognising the importance of context in this process (Zimmerman,
2005). This view is shared with cognitive neuroscientists who distinguish
self-regulation from executive cognitive functions with evidence from
lesion studies, and contend that self-regulation involves emotional and
reward processing and recognition of the consequences of one’s behaviour,
and is required in situations where determining an adaptive response is
unique to a particular context (Cicerone et al., 2006; Stuss, 2009). In other
words, self-regulation is required when a behavioural response cannot be
determined based on habit, environmental cues or cognitive scrutiny (Stuss,
2009). Viewed in this way, self-regulation appears to be an overarching con-
struct that utilises executive functions.

Like executive function, self-regulation is largely associated with activity
in the prefrontal cortex. While overlap is evident, medial prefrontal structures
tend to be associated with self-regulation. For example, ventral medial
(vmPFC) and dmPFC have been found to be active in evaluative and moni-
toring activity (D’Argembeau et al., 2005). The anterior cingulate cortex
(ACC) has also been shown to be active during monitoring behaviour and
to initiate recruitment of prefrontal areas when further executive processing
is required, demonstrating a possible neural link between executive function
and self-regulation (Krug & Carter, 2010).

Attribution. Attribution is the process used by individuals to explain the
cause of their behaviour and that of others (Weiner, 1985). It involves formu-
lating judgements about observed behaviours, making comparisons to pre-
viously stored experiences, and recruiting other cognitive processes to
enable an immediate or future behavioural response that is contextually
appropriate. Like executive function and self-regulation, it is understood as
a dynamic construct that is continually updated with experience (Weiner,
1985).

Attribution has been widely studied in social psychology since the 1960s
(Liebermann, Gaunt, Gilber, & Trope, 2002; Rotter, 1966; Weiner, 1985)
and more recently in cognitive neuroscience (Harris, Todorov, & Fiske,
2005; Schroeter, Ettrich, Menz, & Zysset, 2010). Modern theoretical descrip-
tions of attribution are largely based on the work of Weiner who explains
attribution in terms of three dimensions: locus of causality/control (who,
what, where is the cause?); stability (is cause constant or changing?); and con-
trollability (amount of control the individual has over the cause). Each dimen-
sion is potentially influenced by an individual’s performance, namely, task
success and failure. For example, positive life experiences enhance the devel-
opment of internal locus of control through optimistic attributions (“I was
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successful because I am good at that”) leading to increased confidence, initiat-
ive, motivation and positive self-efficacy (Bandura, 1991; Furnham, 2009). In
contrast, negative life experiences lead to the development of external locus
of control and consequently decreased confidence, control, motivation and
negative self-efficacy (Bandura, 1991; Furnham, 2009). Throughout this
paper, attribution is referred to in the broader, general sense or according to
the particular dimension studied in a particular work.

The use of functional imaging has enabled study of attribution from a cog-
nitive neuroscience perspective (Blackwood et al., 2003; Harris et al., 2005;
Henry, Phillips, Crawford, Letswaart, & Summers, 2006; Schroeter et al.,
2010; Terbeck, Chesterman, Fischmeister, Leodolter, & Bauer, 2008). Attri-
bution processing largely occurs in the superior temporal sulcus (STS) and
ACC (Henry et al., 2006; Schroeter et al., 2010) with some activity found
in dorsal medial prefrontal areas (Harris et al., 2005; Mason & Morris,
2010) suggesting overlap with executive function and self-regulation.

Characterising interactions among executive function,
self-regulation and attribution

The second objective of this review was to describe what is known about the
relationship between executive function, self-regulation and attribution.
Empirical evidence was found to support relationships between two of the
three constructs (Garner, 2009; Ide & Li, 2011; Nickel & Spink, 2010;
Schmeichel, 2007; Shell & Hussman, 2008; Soric & Palekcic, 2009; VanO-
verwalle, 2009) but only two papers were found that addressed all three
constructs (Declerck et al., 2006; Henry et al., 2006). Four themes
emerged: self-regulation as a super-ordinate construct; the influence of attri-
bution; the role of conscious, explicit processing; and the impact of impair-
ment resulting from acquired brain injury.

Self-regulation: A super-ordinate process. Self-regulation emerged as the
super-ordinate construct to which executive cognitive functions and attribu-
tion contribute. This tacit relationship is evident in theories and research
about self-regulation (Bandura, 1991; Hart & Evans, 2006; Zimmerman,
2005), self-regulated learning (Boekaerts, 1996), attribution ascription (Lie-
berman et al. 2002; Weiner, 1985) and neural underpinnings (Stuss, 2006).

Empirical studies of goal-directed performance in self-regulated learning
support the notion of self-regulation as a super-ordinate construct (Cleary,
Zimmerman, & Keating, 2006; LeFoll, Rascle, & Higgins, 2006; Peterson,
Lavell, & Guarino, 2006). These studies examined an individual’s abilities
to learn new performance-based tasks (e.g., golf putting or basketball
throws) and found that individuals learned to self-regulate behaviour based
on internal and external cues. This adaptive process contributed to the
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positive development and maintenance of one’s executive function and ability
to make appropriate attributions regarding performance (Cleary et al., 2006).
These behaviours and choices influence future planning and performance
(Hagger, Chatzisarantis, Griffin, & Thatcher, 2005; Liu, Chan, Lee, Li, &
Hui-Chan, 2002; Nickel & Spink, 2010). In sum, effective self-regulation
involves choosing appropriate strategies in preparing for, and carrying out
performance, combined with using self-reflection to make appropriate attribu-
tions about performance outcome.

Self-regulation is represented as a central construct influenced by execu-
tive functions and attributions in rehabilitation literature (Toglia, Johnston,
Goverover, & Dain, 2010). Empirically, Liu and colleagues (2002) trained
self-regulation to improve performance in daily activities with adults with
brain injury. Following training, these individuals were able to identify and
implement potential solutions, and to evaluate progress until their solution
was effective. Training executive functions (attention, working memory,
planning) has also been shown to positively influence self-regulation (Nova-
kovic-Agopian et al., 2010; Ownsworth et al., 2009).

The super-ordinate nature of self-regulation is also depicted in several
theoretical models. Boekaerts (1996) explicitly linked executive processes
and attribution within a cognitive-motivational model. Self-regulation is
clearly put forth as the central construct mediated by executive and attribution
components. Similarly, other theoretical models depict self-regulation as the
overarching process and describe a relationship between constructs that is
cyclical (Barkley, 2001; Hart & Evans, 2006; Kennedy & Coelho, 2005; Zim-
merman, 2005), illustrating that feedback from previous performance is
needed to adjust current behaviour and future planning (Zimmerman, 2005).

The initial phase of these models described an individual’s preparation for
action, typically consisting of executive activities including goal setting,
planning and strategising (Boekaerts, 1996; Kennedy & Coelho, 2005;
Zimmerman, 2005). The choice and nature of preparatory actions is influ-
enced by individuals’ beliefs about their control and capability to perform a
task (i.e., their attributions) (Bandura, 1991; Barkley, 2001; Zimmerman,
2005). For example, if individuals believe they are not capable of performing
a task, their planning will be different than if they believe they have the capa-
bility and control necessary to be successful.

The second phase involves the performance or execution of the planned
behaviour with ongoing self-monitoring, using self-observation, and task-
specific strategies to adjust performance as required. This phase may be influ-
enced by attributions about the success/failure of previous performance, use
of specific strategies, and self-observations.

The third phase is self-reflection during which individuals self-evaluate
and make causal attributions to explain the outcome of their performance
(Zimmerman, 2005). Attribution influences all three phases of these models
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of self-regulation whereas executive function appears to be largely involved
in the initial or preparatory phase.

The influence of attribution. Attributions are important in self-regulation of
goal-directed behaviour and can enhance or disrupt this process and alter the
use of executive function. (Cleary et al., 2006; Hagger et al., 2005; LeFoll,
Rascle, & Higgins, 2006; Nickel & Spink, 2010; Shell & Husman, 2008;
Soric & Palekcic, 2009; Turban, Brown, Tan, & Sheldon, 2007). Declerck
and colleagues (2006) reported that individuals with internal locus of
control are more motivated in rewarding situations, and use evaluative feed-
back and metacognitive skills to gain control more than those with external
locus of control. This finding is consistent with educational literature (e.g.,
Boekaerts, 1996; Garner, 2009), and implies that individuals with internal
locus of control may be more effective self-regulators, and the ability to
make appropriate attributions is based, in part, on the engagement of execu-
tive cognitive function. In other words, the individual must actively engage in
executive cognitive tasks (e.g., strategising, problem solving) and self-regu-
lation (self-evaluation and self-observation) to form accurate attribution
ascriptions that will enable them to adjust performance appropriately. Pre-
viously reported neural underpinnings, in which attribution processing
appeared to trigger the involvement of executive function to enable contex-
tually appropriate behavioural performance support this contention (Black-
wood et al., 2003; Cleary et al., 2006; Hagger et al., 2005; LeFoll, Rascle,
& Higgins, 2006; Rasmussen et al., 2006; Weiner, 1985).

Attributions are clearly important in self-regulation, and a certain level of
cognitive skill is necessary to make accurate attributions (Logan, 2000). The
ability to make appropriate attributions appears to have considerable influ-
ence on self-regulatory behaviour by affecting executive function in the pre-
paratory phases and in self-reflection post-activity. While this hypothesis is
supported by the reviewed literature, there is very little literature that
addresses attribution in rehabilitation or brain injury recovery.

Conscious, explicit processing. The relationship between executive func-
tion, self-regulation and attribution is most evident in consciously directed be-
haviour. With familiar day-to-day tasks, goal-directed behaviour occurs
subconsciously and engagement of executive functions or attribution ascrip-
tion is not necessary. However, when confronted with unfamiliar or complex
tasks, individuals must engage executive function to consciously focus plan-
ning and performance (Stuss & Alexander, 2007).

Descriptions of neural processing demonstrate how the constructs work
together in conscious goal-directed behaviour (D’Argembeau et al., 2005).
Information enters sensory cortices and travels in ventral or dorsal pathways
to the superior temporal sulcus (STS) (Blackwood et al., 2003; Mason &
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Morris, 2010). Here, it is processed automatically by accessing, comparing
and then responding to previously stored behavioural “scripts” or contingen-
cies stored in this area. When encountering new or unfamiliar situations that
do not match these scripts, additional processing is required beyond the STS.
This cues the need for more effortful, conscious processing involving the
anterior cingulate cortex (ACC) which is thought to integrate information
from multiple areas. When the ACC is activated, it, in turn, recruits prefrontal
areas subsequently engaging higher level processing (e.g., executive function
and self-regulation). This enables planning, strategising, decision-making,
and attributions that will in turn lead to a contextually appropriate behavioural
response (Declerck et al., 2006; Domenech & Dreher, 2010; Krug & Carter,
2010; Mason & Morris, 2010; Rudebeck et al., 2008).

Cognitive neuroscience literature associates all three constructs with
neural activity and structures within the prefrontal cortex during conscious
goal-directed behaviour. The dorsal lateral prefrontal cortex (dlPFC) and
ventral medial prefrontal cortex (vmPFC), both important in executive func-
tion (Stuss & Alexander, 2007), are also needed for the monitoring of behav-
iour (self-regulation) (Declerck et al., 2006; Tops et al., 2010). Dorsal medial
prefrontal cortex (dmPFC) has been associated with evaluative judgements in
attribution processing (Harris et al., 2005; Mason & Morris, 2010).

Models of self-regulation in education and rehabilitation research expli-
citly recognise two levels of self-regulation (Garner, 2009; Hart & Evans,
2006; Kennedy & Coelho, 2005). Likewise, models of attribution ascription
also posit dual levels of processing involving conscious self-reflective or
automatic behaviours (Liebermann et al., 2002). Corno (1986) implicitly
raised the notion of dual processing in her description of how students
become effective self-regulated learners. Students’ initial attempts to
engage in self-regulated learning are often impulsive and lacking in executive
control. With experience, metacognitive control (executive function) and
control and capability beliefs (attribution) develop, and self-monitoring abil-
ities (self-regulation) become more efficient. Through consistent practice of
adaptive self-regulation, behaviours may eventually become automatic
(Corno, 1986).

In brief, individuals are motivated to use executive functions to con-
sciously manage behaviour to reach goals (self-regulation), and that behav-
iour is contingent upon previous and anticipated capability, and cause and
control beliefs (attribution).

The impact of brain injury. Abundant evidence shows that injury to the
brain affects the neural structures and processes that enable efficient execu-
tive function, self-regulation and attribution (Eslinger, Grattan, & Geder,
1995; Hart & Evans, 2006; Stuss & Alexander, 2007). These impairments
are significantly associated with problems in managing day-to-day activities,
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and participating in work or educational pursuits, leisure and other activities
within their communities (Barkley, 2001; Kennedy & Coelho, 2005).

Misattributions (e.g., incorrectly identifying one’s perceived cause or
control of an outcome/behaviour) are thought to result from the long-
lasting behavioural, cognitive, emotional, psychiatric and interpersonal
after-effects of brain injury (Moore & Stambrook, 1995). Misattributions
may contribute to repeated task failure resulting in poor coping and self-effi-
cacy, and emotional distress, (Kennedy & Coelho, 2005; Logan, 2000; Moore
& Stambrook, 1995; Ownsworth et al., 2005). For example, distorted beliefs
about one’s skills and abilities may lead to repeated task failure which may
then create situations of “learned helplessness” whereby brain injured indi-
viduals inaccurately believe they are not capable of performing a particular
task and therefore do not even attempt to do so (Hornich-Agnieszka, 2008;
Kennedy & Coelho, 2005; Medley, Powell, Worthington, Chohan, & Jones,
2010; Moore & Stambrook, 1995). In contrast, changes towards a more posi-
tive locus of control (internal, controllable causes) were a significant predictor
of community reintegration in chronic brain injury survivors (Hornich-
Agnieszka, 2008).

According to Weiner’s (1985) attribution theory, in healthy adults, failure
situations require the individual to engage in more attribution processing than
do successful ones, as they attempt to understand what happened to better
predict future performance. However, healthy adults have also been shown
to be impaired in making appropriate attributions in failure situations
(Cleary et al., 2006; LeFoll, Rascle, & Higgins, 2006). Cognitively impaired
individuals presumably would be at even greater disadvantage.

Summary. Although executive function, self-regulation and attribution
appear to be separate behavioural constructs, their neural structures, particu-
larly those active in executive function and self-regulation, are intercon-
nected. In conscious goal-directed behaviour the STS appears to be a gate
keeper that, when triggered by novel or complex situations, cues the ACC
which in turn recruits prefrontal cortical areas involved with executive func-
tion and self-regulation to enable contextually appropriate behaviour. These
findings suggest a cyclical relationship between self-regulation, executive
function and attribution that is influenced by previously formed attributions.

Integrating executive function, self-regulation and attribution:
The Performance Model of Self-Regulation

Given the interactions among executive function, self-regulation and attribu-
tion that emerged from the review, we propose a new model, the Performance
Model of Self-Regulation. This model explicitly recognises these interactions
and proposes that performance is the key outcome of conscious goal-directed

SCOPING REVIEW BRAIN INJURY 925



behaviour. Self-regulation is the super-ordinate construct, executive function
is key to preparing for performance and, along with attribution, is an influen-
tial component throughout the process. These inter-relationships are most
salient at a conscious, explicit level of behaviour in complex or unfamiliar
tasks.

Our model is informed by previous models of self-regulation, found in the
educational psychology (Boekaerts, 1996), rehabilitation (Kennedy &
Coelho, 2005; Hart & Evans, 2006), and social psychology literature
(Zimmerman, 2005) and elaborates on the cognitive influences proposed by
Moore and Stambrook (1995). Our model is unique as it highlights the key
role that attributions have on goal-directed behaviour.

Operationally, there are three phases: preparation and planning, perform-
ance, and adaptation. (See Figure 1) First, to engage in conscious, goal-
directed behaviour, executive functions are engaged to prepare and plan a
course of intended action (Cicerone et al., 2006; Duncan et al., 1996). Devel-
opment of this action plan is influenced by individuals’ past experiences,
problem solving abilities and beliefs about their capability and control (attri-
bution) (Cleary et al., 2006; Logan, 2000; Weiner, 1985). Next, during the
performance phase, self-regulatory abilities are recruited to self-observe
and adapt behaviour according to performance demands (Kennedy &
Coehlo, 2005; Zimmerman, 2005). During adaptation, the individual

Figure 1. The Performance Model of Self-Regulation. Executive function is represented by

behavioural designate “Preparation & Planning”; self-regulation is represented as the overarching

process. Single and bidirectional arrows signify interaction between constructs that occurs at

different times throughout the performance process. The left side of the model diagram represents

effective self-regulation and is denoted by “ + ”. The right side depicts ineffective self-regulation,

which may occur as a result of brain injury, and is represented by “–”.
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engages in self-reflection about performance outcomes, and formulates eva-
luative judgements and attributions about that performance (Hart & Evans,
2006; Logan, 2000; Weiner, 1985; Zimmerman, 2005). This information is
then relayed back, and influences preparation for future performance.

Preparation and planning. This phase represents the engagement of execu-
tive function in goal-directed behaviour. Here, individuals consciously
engage in preparatory activities to organise and plan an intended course of
action, and to choose relevant strategies, relying on executive functions to
do so. Their choices are influenced motivation, beliefs about capability
regarding success, and failure expectations, and are shaped by previously
formed judgements about past performance (Corno, 1986; Garner, 2009;
Moore & Stambrook, 1995).

Performance. Once a course of action is decided upon, the plan is executed
during the “Performance” phase. Here, the individual is actively engaged in
task performance and self-monitoring using self-observation skills. Perform-
ance adaptations are made as necessary to bring performance in line with the
intended goal given presenting contextual factors. Bidirectional arrows
leading to and from the Adaptation and Performance phases represent this
two-way interaction.

Adaptation. Adaptation is the third phase in the model. Performance
adjustments can be made while engaged in a task (Performance phase),
through adaptive self-monitoring, and may also occur after performance
through self-reflection. This is represented by bidirectional arrows between
Adaptation and Performance (see Figure 1).

Ineffective self-regulation. Our model is distinctive as it depicts how the
self-regulatory process may be affected by impairments following brain
injury. Impairments in executive function and misattributions will affect
preparation for action and subsequent task performance, leading to a negative
feedback cycle. A distorted perception of performance may lead to negative
self-judgements and incorrect attributions about performance (Moore &
Stambrook, 1995; Weiner, 1985). For example, individuals with impaired
executive function may decide that their poor task performance is based on
lack of ability rather than impaired cognition resulting from brain injury.

If behaviour is adapted appropriately, task performance is adjusted, and this
information is stored for future use in the preparation phase (left side of model).
If performance is unsuccessful, attribution ascriptions for the failure are made
and this information is also stored for future use (Bandura, 1991; Weiner,
1985). However, if misattributions for performance are made, the individual
runs the future risk of ineffective or inappropriate preparation and adaptation
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based on the misattribution, leading to engagement of the negative self-regu-
latory cycle in the right side of the model. Other common impairments follow-
ing brain injury, such as in awareness, memory and task initiation, may also
contribute to the development of misattributions.

FUTURE DIRECTIONS AND LIMITATIONS

This review provides a novel view of the relationships between executive
function, self-regulation and attribution. Developing a more precise under-
standing of these inter-relationships will further elucidate the proposed
model. Examining the cognitive neuroscience literature, with attention to
neural network processing, may illuminate aspects of directionality in the
model and further delineate self-regulation and executive function. Determin-
ing if, and how, these two constructs are distinct may inform the development
of target rehabilitation interventions. Exploring literature from developmental
psychology for commonalities and differences in how constructs evolve may
also contribute toward establishing these distinctions.

We found that attribution appears to have considerable influence on goal-
directed performance and yet little is known about how rehabilitation clini-
cians understand this construct or how attribution is addressed in brain
injury rehabilitation. Determining the role of awareness in the proposed
model may be of particular importance for brain injury rehabilitation in
view of the propensity for misattributions and impairment in executive func-
tion contributing to poor functional outcomes. Further study is warranted to
determine how to address attribution in recovery and rehabilitation. Consid-
ering connections between attribution and the literature on awareness deficits
in brain injury may be one place to start.

The scoping review methodology allows for a summative review rather
than offering a critique of methodological issues or strength of the evidence.
While broad in scope, there were nonetheless boundaries to this review and
other factors that may contribute to the model, such as awareness and
memory, were not addressed. To date, the proposed model and relationships
depicted have not been tested. Its utility is yet to be determined and requires
further study. Wood and Rutterford (2006) offer one possible mechanism
using regression analysis to evaluate relationships between neuropsychologi-
cal constructs depicted in the model of interest and outcome measures. This
may be one way to begin testing the model.

CONCLUSION

The Performance Model of Self-Regulation was conceptualised based on
current evidence regarding the inter-relationships between the constructs of
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self-regulation, executive function and attribution. Scoping review method-
ology was crucial to the model’s development, as it enabled integration of
research from diverse literatures notably linking neuroscience, education,
rehabilitation and social cognitive psychology. Underlying neural correlates,
empirical studies and theory support this model, which recognises the impor-
tance of attribution in goal-directed performance, as well as its inter-relation-
ship with executive function and self-regulation.
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