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Purpose: The neural basis of language processing partially overlaps with executive system
processing mediated by a network of frontal, parietal, and subcortical areas of the brain,
thereby suggesting the significant interaction of executive functioning on linguistic abilities. It
is critical that speech language pathologists understand the nature of executive function (EF)
and their relationship with respect to speech and language. The purpose of this paper is to
analyze the literature and evaluate the role of EF on language processing and deficits in
communication disorders.

Methods: The following paper is a comprehensive literature review of the existing evidence
regarding the influence of EF on language processing in adult neurogenic cognitive-commu-
nication disordered populations. The review includes relevant research studies from partici-
pants of all age groups and severities published in the last three decades.

Results: Research evidence with relevance to major adult neurogenic cognitive-communi-
cation disorders including Aphasia, Traumatic Brain Injury, Right Hemisphere Damage, and
Parkinson’s Disease are discussed. The paper addresses how the impact may vary with re-
spect to the different components of language (semantics versus discourse pragmatics), dif-
ferent modalities of language (production versus comprehension), as well as complexities of
language tasks. Several research studies provide support for the influence of different EF
processes such as switching, shifting, inhibition, sequencing, working memory, and process-
ing speed, on language processing in these clinical population.

Conclusions: Through the information presented here, professionals, both clinicians and re-
searchers in the field of communication sciences and disorders can gain a thorough knowl-
edge of the interaction of language and executive functioning and a prospect to develop an
integrative framework for assessment and intervention of cognitive-communication disorders.
Keywords: Executive functions, language, semantics, pragmatics, neurogenic communica-
tion disorders

INTRODUCTION

Communication enables speakers and listeners to organize their thoughts into spoken
output based on their internal goals and a desire to express. An individual depends
heavily on the sensory and memory systems to accomplish tasks, such as choosing the
right word that fits in the context of a conversation, judging a sentence for its grammati-
cality, and switching from one language to another. With the rich source of information
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and plenty of behavioral alternatives, there is a high probabil-
ity of conflicts and interferences that occur during linguistic
processing. In order to manage these conflicts and interfer-
ences effectively, human beings recruit executive processes to
monitor and regulate linguistic expressions to match their in-
ternal goals [1,2]. Therefore, the ability to communicate relies
not only upon an intact language system, but also on higher
order control mechanisms such as executive function (EF)
that are recruited in language processing. Executive function
(a collective term for all executive processes) involves high-
level goal-directed behavior that encompasses many cogni-
tive control operations, such as, strategic planning of goal-di-
rected action, inhibition of irrelevant responses, monitoring
and regulating of behavior, processing, organizational skills,
decision-making, and problem solving [3-5].

Baddeley and Hitch proposed a conceptual model of work-
ing memory (WM) [6] that consists of a limited capacity atten-
tional control system (central executive) aided by two slave
systems, the phonological loop, and the visuospatial sketch-
pad. The central executive encompasses a complex set of con-
trol mechanisms that underlie goal-oriented decisions and
cognitive flexibility. It is fractionated into different executive
subprocesses [7,8] that are typically involved in functions (re-
ferred to as the EFs), such as, inhibition of irrelevant informa-
tion, maintaining and shifting between tasks or sets, attending
selectively to different stimuli, goal-setting, planning, and or-
ganizing. The WM model has a significant role in language
processing, in the form of the phonological loop that supports
rehearsal and storage of verbal and acoustic information and
interacts with the long-term memory via the multimodal epi-
sodic buffer (a fourth component of the WM model added
later in an updated model by Baddeley). Several researchers
have viewed EF and WM as multidimensional cognitive con-
structs and have documented strong relationship with differ-
ent aspects of language, learning, and comprehension [9,10].

ROLE OF EF IN LANGUAGE PROCESSING

Executive function plays a crucial role in setting and accom-
plishing verbal acts, such as, oral and written production, de-
activation of task-irrelevant lexical representations, monitor-
ing of ongoing behavior, and selection among competing sen-
tential representations. Speakers utilize EF to choose the right
word over other competing options and refrain from generat-
ing an improper word [11]. They also utilize executive pro-
cesses to regulate the ability to switch between two languages
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or bilingual language use [12]. Additionally, listeners require
EF to select and grasp relevant information from a speech
output by focusing on the meaning and ignoring what they al-
ready know i.e. preconceived notions [13].

During sentence comprehension, EFs are also used to
monitor and select judiciously among competing sentence
representations. Conflict inhibition plays a major role during
this and allows for a coherent interpretation of the sentence.
Adults with poor comprehension skills are likely to demon-
strate deficits in the inhibitory mechanism and suppression of
competing representations. With respect to syntactically am-
biguous sentences, the speaker’s ability to control conflicts is
often confounded by the linguistic elements and format of
complex sentence structures [14]. However, executive pro-
cesses such as error detection and cognitive monitoring trig-
ger control mechanisms to resolve conflicts and aid in better
comprehension. Similarly, conflict control in word produc-
tion is contributed by executive processes such as, inhibition
of prepotent responses, controlled access to lexical items in
semantic memory, and attention control to resolve competi-
tions among lexical representations [11,15]. Hence, it is criti-
cal for speech language pathologists to understand the nature
of EF and their relationship with respect to speech and lan-
guage. The purpose of this paper is to provide an overview of
the existing literature on the role of EF in language processing
(and deficits) in communication disorders.

LANGUAGE AND EF DEFICITS IN COGNITIVE-
COMMUNICATION DISORDERS

The following section provides an account of the research ex-
amining the link between EF and language abilities in adult
neurogenic cognitive-communication disorders.

Specific terms that included, but not restricted to, executive
function/s, switching, shifting, inhibition, sequencing, work-
ing memory, processing speed, language, verbal, non-verbal,
communication, comprehension, expression, fluency, nam-
ing, functional communication, aphasia, traumatic brain in-
jury, right hemisphere damage, and Parkinson’s disease were
searched on the Google Scholar database. All age groups and
severity ranges were considered, and the search period spanned
for over three decades beginning from 1980. All studies were
scanned for relevancy with respect to discussion on the inter-
action of language and EF abilities and subsequently included
in the review. Table 1 provides a summary of the language
and EF dimensions that have already been researched in the
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Table 1. Summary of language and executive function dimensions already researched in the clinical population

Clinical population Language dimensions studied

Executive function dimensions studied

Published literature®

Aphasia Naming

Semantics

Auditory processing
Verbal production
Conversation
Picture-description
Language comprehension
Traumatic Brain Injury Pragmatics

Conversation

Narrative discourse

Story retelling

Story grammar production
Procedural description
Right Hemisphere Damage Narration

Pragmatics

Language comprehension

Language production

Semantic and phonemic verbal fluency
Metaphor interpretation

Discourse production

Parkinson’s disease Sentence comprehension
Emotional prosody

Conversation

Inhibition 16, 17,18, 19, 20, 22,
Shifting 27,28,29,30,31,32,
Divided attention 34,35, 36

Cognitive control

Planning 42,43, 44, 45, 46, 47,

48, 49,50, 51,52, 53,
54, 55, 56, 57, 58, 59

Self-monitoring
Switching
Inhibition
Cognitive flexibility
Shifting 34,59, 68, 69,70, 71
Processing speed

Planning

76,77,78,79, 80, 81,
82, 83

Cognitive sequencing
Set-switching
Working memory
Response inhibition
Selective attention

*Numbers in this column correspond with the references in the manuscript.

clinical populations. A narrative review of the specific findings
in each clinical population is presented in the following para-
graphs.

Aphasia

Several studies in aphasia have investigated the nature of cog-
nitive processing deficits during speech production, and re-
ported, prolonged inhibition on naming tasks [16], inability to
control active representations within the lexical system [17],
interferences in selection of word due to damage in syntactic
control processes [18], and poor inhibitory function in seman-
tic short-term-memory (STM) deficits [19]. Often these stud-
ies have employed semantically-blocked picture naming tasks
where repeated blocks of items from the same semantic cate-
gory are presented to the participant, and the response on
these items are compared with the response obtained from
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mixed blocks (where repeated items from semantically unre-
lated categories are presented). Studies have shown that indi-
viduals with aphasia (IWA) demonstrate increased naming la-
tencies on the semantically blocked items [16,17] and this ef-
fect is exaggerated when the repetitions are presented at a
faster rate. McCarthy and Kartsounis attributed this semantic
blocking effect to excessive inhibition of lexical representa-
tions which can be explained as follows: after one complete
phase of speech production, lexical representations are inhib-
ited to prevent their reselection into spoken vocabulary again.
For semantically related items, there is a chance of exagger-
ated inhibition due to the competition between similar repre-
sentations. This effect is likely to be magnified in individuals
with brain damage [20]. Wilshire and McCarthy argued
against such explanation and suggested that increased nam-
ing latencies on semantically blocked items may be due to
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stronger co-activation of two lexical representations, to the
extent that one representation competes over the nearest rep-
resentation, which leads to prolonged latencies in verbal pro-
duction. In another study, the effect of inhibition deficits on
word production and comprehension was investigated in flu-
ent and nonfluent IWA on picture-naming and word-picture
matching tasks. Non-fluent participants showed semantic
blocking effects in both tasks but the effects were more promi-
nent on the naming task [20]. This finding further strength-
ened the result that the semantic blocking effect is prominent
in lexical (naming) tasks compared to semantic selection
(matching) tasks. The authors suggest that speech production
in non-fluent aphasia is a result of the prolonged activation of
lexical representations primarily due to post selection inhibi-
tion. Research has also shown that the inability to retain se-
mantic information in the case of persons with limited STM
may be due to inhibitory deficits in EF [21]. In another experi-
ment conducted by Martin and colleagues, patients with se-
mantic STM deficits showed difficulty in inhibiting distractor
words. They showed greater interference in reaction times
and latencies on the items that were related semantically
when compared with items that were unrelated. Such differ-
ence in reaction times could be due to the greater competition
in the semantically related words (i.e. choosing between items
that are semantically related is more difficult than unrelated
items), and to impaired inhibition of competing words within
the semantically related word lists. Authors explained this by
associating it with the inability to inhibit lexical-semantic rep-
resentations.

Another relatively less explored area in aphasia is the rela-
tionship between EF and conversation. Conversation involves
complex cognitive processes such as, planning, organization,
monitoring and sequencing; therefore, deficits to any of these
executive processes may sometimes result in conversational
deficits. In a case study of an adult female with aphasia, Fran-
kel and colleagues compared her conversational deficits to EF
deficits recorded on a test battery [22]. The inability to shift
between topics and take turns during conversation was asso-
ciated with deficits in shifting and divided attention, and the
presence of perseverations in conversation was indication of
her deficits in response inhibition. Deficits in (verbal) WM
also resulted in impaired topic management, topic mainte-
nance, and topic shifting in her conversation. Similar deficits
in EFs (shifting and inhibition) were confirmed from the Trail
Making Test (TMT) [23] and Wisconsin Card Sorting Test
(WCST; [24], and visual and strategic memory on the Self Or-
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dering Pointing Test [25]. Difficulty in forming concepts was
reflected in the patient’s high frequency of perseverations
during speech. This demonstrated her inability to shift from
limited forms of expression to cognitively flexible and relevant
forms of communication. She also exhibited difficulty in strat-
egy-generation by failing to produce novel material to meet
the conversational demands. This executive (strategy-genera-
tion) deficit was evidenced on the Five-Point Test and Design
Fluency task [26]. Overall, this study is a classic example that
accounts for the different EFs involved in communication,
specifically during conversation.

Other investigators have provided evidence for the detri-
mental effects of divided attention on language abilities like
auditory processing [27], phoneme and semantic judgment
[28], grammaticality judgments [29], and semantic classifica-
tion and lexical decision [30]. Murray and colleagues investi-
gated the speech production ability in individuals with mild
aphasia [31]. Participants performed on dual tasks: picture-
description and tone-discrimination tasks and results sug-
gested that IWA produced shorter and less complex utter-
ances with change in task conditions (from single task to di-
vided attention), thereby making the overall communication
less effective.

Kuzmina and Weekes explored the interaction of cognitive
control and language abilities in fluent and non-fluent apha-
sias using verbal and non-verbal cognitive control tasks. They
found that all IWA were challenged by cognitive control tasks;
but non-fluent IWA were vulnerable to both verbal and non-
verbal tasks compared to the fluent IWA. Also, participants re-
cruited different cognitive mechanisms for language compre-
hension versus picture naming tasks. They utilized non-verbal
cognitive control for the former and verbal cognitive control
during the later task [32]. Murray also examined the interac-
tion of EF and language performance in participants with
aphasia and right hemisphere brain damage using a design
fluency task, the Ruff Figural Fluency Test (RFFT) [33], and
found that EF deficits were significantly poorer for both the
clinical groups in comparison to the controls and the EF per-
formances correlated with other cognitive and language tests
[34,35]. Similarly, Mohapatra and Marshall [36] investigated
the different EFs from Baddeley’s WM model including set-
switching, updating, inhibition, and dual task processing, and
found that IWA demonstrated more difficulties on higher-
level complex EF sections of the Color Trails Test [37] and n-
back task [38]. Aphasia severity on the Western Aphasia Bat-
tery-Revised [39] correlated with diminished performance on



EF measures. Overall, the above studies provide evidence for
a significant relationship between executive deficits and lan-
guage abilities in IWA.

Traumatic Brain Injury (TBI)

Traumatic Brain Injury often affects areas in the fronto-basal
and fronto-temporal regions of the brain [40] that are largely
involved with EFs [41]. McDonald studied pragmatic difficul-
ties in TBI and found that frontal lobe deficits exhibited by TBI
also affects discourse abilities [42]. Problems in planning and
self-monitoring behaviors may result in conversational dis-
course deficits [43] while disinhibition will reduce the ability
to utilize clues/hints during conversation [44]. Furthermore,
inefficiency to address pragmatic issues reflects deficiency in
abstraction skills [45]. Other researchers report significant as-
sociations between verbal dysfluency and difficulties in
switching between components [46], and pragmatic deficits
and the inability to inhibit [47] in TBI. Ylvisaker and Szekeres
attribute the communication deficits in children and adults
with TBI to their impairments in EF on several dimensions in-
cluding planning, self-awareness, self-inhibition, problem
solving, and initiation [48]. Some studies have utilized narra-
tive discourse analyses to investigate verbal communication
deficits in TBI [49-52]. The difficulties in discourse production
in TBI are described as setbacks in EF, particularly, to a de-
creased capacity to devise and accomplish a goal. A study
conducted by Coelho and colleagues correlated the perfor-
mance of EF with story retelling and story generation tasks
[53]. Story structure utilizes several executive processes, such
as, organization and production of a story and is made up of
an episode that comprises of a goal, an endeavor to accom-
plish the goal, and an outcome that marks the accomplish-
ment of the goal. In the above context, EF includes the capa-
bilities required for defining a goal, devising a plan for its ac-
complishment, and successful execution of the plan. Results
from the study suggested that the performance of the TBI par-
ticipants on discourse analysis (in the form of story retelling
and story generation) was highly correlated to their executive
performance measured on the WCST.

Story grammar production is another method of assessing
discourse performance. The key components of this method
are narrative organization and developing coherence in the
description of events and characters. Mozeiko et al. reported
significant correlation between measures of story grammar
and executive processes assessed on a sorting task [54]. They
associated this relationship to the ability to form episodes
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which is a key component of storytelling and requires a great
deal of cognitive flexibility. Other studies have investigated
the relationship between EFs and pragmatic impairment in
TBI [47,53,55-59]. These studies have utilized neuropsycho-
logical tests such as the Wechsler Memory Scale [60], the
WCST, the Test of Everyday Attention [61], and the Rey Audi-
tory Verbal Learning Task (RAVLT) [62] to assess inhibition,
cognitive shifting, and concept formation. The pragmatic
tasks employed in most of these studies constitute: story re-
telling, story generation, conversation, contextual meaning
task, and procedural description. Zimmerman and colleagues
assessed pragmatic deficits of TBI adults on a variety of tasks
(conversational discourse, metaphor interpretation, narrative
discourse, and indirect speech acts) and found positive corre-
lation with a wide range of executive processes such as initia-
tion, inhibition, planning, switching, and WM. Semantic ver-
bal fluency task, a measure of the Montreal Communication
Evaluation Battery [63] was the most affected in TBI partici-
pants; this finding was associated with difficulties in switch-
ing, one of the important EFs [46]. However, another study us-
ing the La Trobe Communication Questionnaire (LCQ) [64]
suggested that a considerable fraction of pragmatic problems
in TBI participants was represented by EF measures. The
questionnaire (LCQ) used in this study allowed for assess-
ment of conversational problems confronted by individuals
with TBI and with their communication partners. The EF
measures used were the F-A-S verbal fluency task (task man-
agement, initiation and cognitive flexibility; [65], the Speed
and Capacity of Language Processing test (index of speed of
verbal information processing; [66], and the RAVLT (measures
the ability to manipulate information). Word retrieval and flu-
ency (verbal) abilities obviously require EFs, including plan-
ning and monitoring, memory regulation and management,
and attention allocation. Additionally, performance on the
verbal fluency tasks emphasizes the ability to inhibit the usual
retrieval strategy based on word meanings and adopt a re-
trieval strategy that depends greatly on sound-form represen-
tations of speech [67]. In summary, it is evident from the TBI
literature that linguistic deficits (including narration) are con-
sistent with impairments to EFs.

Right Hemisphere Damage (RHD)

Several research studies reveal the possible association of lan-
guage impairment and EFs in RHD. Persons with RHD often
face difficulties in developing themes and abstract concepts to
organize a narrative, incorporating new information to the ex-
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isting [68], and using themes to organize stories [69]. They also
demonstrate difficulties in interpretation of linguistic content
such as humor and jokes [70] and lack in inference-making
[71]. Such deficits are demonstrated to be consistent with
damage to executive systems [45]. However, relatively limited
literature is available on the relationship between pragmatic
difficulties and EF in RHD. In a study by McDonald, Con-
trolled Oral Word Association Test [72] and WAIS-R (Similari-
ties subtest) [73] were used to demonstrate the relationship
between pragmatic and executive abilities. Pragmatic abilities
were assessed on comprehension (sarcasm and requests) and
production (narrative, requests and conversation) tasks. In
addition, a syllogism task was administered; sentences that
require logical reasoning to deduce and solve are called syllo-
gisms (an example from their study is “Electricity is a form of
power; microwaves use electricity to run; do microwaves use
power to run?”). While pragmatic abilities were not correlated
with executive dysfunction, performance on syllogism tasks
suggested some executive dysfunction in the clinical popula-
tion (18 RHD participants were evaluated in the above study).
Syllogisms require participants to disregard the literal mean-
ing of the sentence but pay attention to the underlying mean-
ing of the sentence. Thus, it challenged participants to ignore
the semantic content and focus on the pragmatic content of
the sentence. This ability to shift focus from one function to
another is an executive ability and is referred to as switching.
In another study, Zimmerman and colleagues reported as-
sociation between pragmatic and executive deficits in RHD
participants. Various EF tests included the TMT, Hayling Test
[74], WCST, semantic and phonemic verbal fluency tasks from
Montreal Communication Evaluation Battery [63], and WM
tasks from the Brazilian Brief Neuropsychological Assessment
Battery Neupisilin [75]. Information on pragmatic processing
was obtained from the Montreal Communication Evaluation
Battery on tasks such as conversational discourse, metaphor
interpretation, narrative discourse and indirect speech acts.
Positive correlations were observed between EFs and prag-
matic abilities. Processing of metaphors was associated with
executive processes such as switching, WM and processing
speed. Narrative discourse was strongly related to processing
speed, planning, flexibility, and WM. Inaccurate discourse
production was attributed to deficits in topic organization and
discursive impairment in RHD participants [59] which is also
an indication of the inability to suppress information. Besides
this, executive dysfunction was also observed in the verbal
WM and initiation processes. In summary, pragmatic deficits
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in persons with RHD were attributed to inhibitory and WM
deficits.

Parkinson's disease

Often researchers suggest that executive dysfunction is the
underlying reason for deficits in sentence comprehension in
Parkinson’s disease (PD). Other researchers attribute compre-
hension deficits to processes such as, set-switching [76,77],
sequencing [78], inhibition [79], verbal WM [78,80] and infor-
mation processing speed [81,82]. A study by Colman et al. ex-
amined the relation between sentence comprehension and
EFs in 28 Dutch speaking PD participants [83]. The sentence
comprehension task involved comparing different phrase-
structures (active versus passive) and varying sentence lengths
(short versus long). Executive function was evaluated using
TMT (parts A and B), Test Battery of Attentional Performances
(TAP) [84], Odd Man Out Test [85), Stroop task [86], digit span
subtest of the Wechsler Adult Intelligence scale (WAIS) [87]
and Lelekov’s protocol for cognitive sequencing [88]. Results
from EF tasks suggested that persons with PD scored lower in
set-switching (TMT, Odd Man Out Test) and sustained visual
attention tasks (TAP) and showed no significant differences
on other functions such as inhibition and WM. Sentence
comprehension scores were similar with scores obtained
from sustained visual attention tasks. In particular, deficits in
set-switching were associated with deficits in comprehending
passive sentences. This emerges from the fact that sentence
comprehension requires a listener to switch between con-
tending linguistic information, therefore, impairment in set-
switching abilities is likely to contribute to difficulties in com-
prehension of passive sentences in PD participants.

The other EFs that have an effect on sentence comprehen-
sion are inhibition, WM, and sequencing. Inhibition is strongly
associated with set-switching and requires suppression of ir-
relevant linguistic information to process the required infor-
mation. Working memory is responsible for storing and ma-
nipulating words and phrases in order to interpret phrase-
structure or linguistic elements in a sentence (such as subject-
object-verb combinations and active/passive sentences).
Moreover, sentence comprehension requires organizing the
sequence (time and order) of information to build up coher-
ence during communication, which is is an executive process.
Overall, different EF processes demonstrate association with
language comprehension and expression.

Emotional dysprosody (flat and nonemotional speech) is
another characteristic feature of PD speech. Working memory



and EF deficits are not independent of prosodic deficits ob-
served in PD. Often prosodic deficits in the PD is visualized as
a cognitive deficit rather than a linguistic deficit, because per-
sons with PD frequently exhibit dysfunctions in the central ex-
ecutive component of Baddeley’s WM model [89]. In a study
by Breitenstein and colleagues, relationship between emo-
tional prosody and central EF was explained. Twenty partici-
pants were assessed on a neuropsychological test battery con-
sisting of WCST, Digit Span subtests of the Wechsler Adult In-
telligence Scale-Revised (WAIS-R; [73] and Listening Span Test
[90]. Two prosodic perception tasks were administered: one in
English and the other in German language; the pitch and du-
ration of the cues were altered for sentences. Results suggested
that central executive functioning was significantly correlated
with PD participants’ performance on prosodic perception
tasks. Processing emotional prosody during conversation de-
mands a significant amount of attentional resources. For ex-
ample, responding to verbal content requires a person to pay
attention to the prosodic meaning of the sentence and inhibit
the irrelevant semantic meaning that ultimately requires selec-
tive attention (or response inhibition). Both these processes
are linked to the central executive of the WM system [91,92].
Thus, individuals with PD have difficulty in linguistic deficits
that are often a consequence of executive dysfunction.

SUMMARY

This review summarizes findings from research studies ex-
ploring the relationship between executive functioning and
linguistic abilities in different neurogenic communication
disorders. Executive processes such as switching, shifting, in-
hibition, sequencing, verbal WM, and processing speed have
a strong correlation with linguistic aspects of narration, story
retelling, conversational discourse, metaphor interpretation,
phonological processing and indirect speech acts. Based on
the current review, it would be logical to conclude that there is
significant contribution of EFs on linguistic abilities. It also
provides support for overlap in the networks of language pro-
cessing and executive system processing, mediated by a net-
work of frontal, parietal, and subcortical areas of the brain
[13]. In summary, the influence of executive control on lan-
guage comprehension and production are multiple and must
be accounted for in all speech and language related assess-
ments and interventions. Future empirical efforts should in-
corporate EF training into rehabilitation programs for cogni-
tive-communication disorders.
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