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The brief executive language screen: sensitivity and specificity in acute to early 
sub-acute stroke
Mia R. Phillipsa, Jessica Byrneb, Emily C. Gibsonb, Casey Gilbertb, Lucy Forda,b, Georgia Marshb, Jessica Chowb, 
Gail A. Robinson a,b, and  Neuropsychology Research Unit
aQueensland Brain Institute, the University of Queensland, St Lucia, QLD, Australia; bNeuropsychology Research Unit, School of Psychology, 
the University of Queensland, St Lucia, QLD, Australia

ABSTRACT
Introduction: Propositional language and underlying executive functions can be impaired post- 
stroke and affect communication and quality of life. Current stroke screening tools are largely 
tailored to patients with aphasia, being either non-verbal or focussed on core language skills such 
as naming and repetition. The Brief Executive Language Screening Test (BELS) is a newly developed 
cognitive screening tool that assesses memory, oral apraxia, core language, as well as propositional 
language and associated executive functions that can be impacted and overlooked in stroke 
patients without aphasia. This study examines BELS sensitivity and specificity, and performance 
in acute to early sub-acute stroke relative to controls.
Method: Cross-sectional BELS data from 88 acute left and right hemisphere stroke patients (within 
7 weeks of stroke) and 116 age-matched healthy controls were compared using independent 
samples t-tests. ROC Curve Analysis was performed to determine a cutoff score for the BELS.
Results: Left and right stroke patients were reduced on all propositional language subtests, and 
executive function subtests of inhibition, strategy, and selection. Differences were also observed 
for Oral Apraxia, Naming, and Memory. By contrast, Word Comprehension and Repetition, and 
Sentence Completion Initiation (after corrections applied) did not differ between groups. A total 
BELS score of 79.25/100 was highly sensitive (.89) and specific (.89) when classifying stroke patients 
and healthy controls.
Conclusion: The BELS is brief, sensitive, suitable for bedside administration, and can aid in 
detection and rehabilitation of subtle executive language impairments. This in turn will help 
improve relationships and quality of life post-stroke.
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Post-stroke cognitive impairments occur in up to 
70% of patients and frequently persist long-term 
(> 1 year), which contributes to disability, social 
isolation, and reduced quality of life1–4 5–7 

Executive functioning and language are cognitive 
domains commonly affected in acute stroke patients 
that also predict long-term functional, neuropsycho
logical, and emotional outcomes8–11,5,12,13 Current 
stroke screening tools are largely tailored to patients 
with aphasia, being either non-verbal or focussed on 
core language skills [e.g. Cognitive Assessment Scale 
for Stroke Patients; CASP,14 Cognitive Linguistic 
Quick Test; CLQT,15 Oxford Cognitive Screen; 
OCS,16 Oxford Cognitive Screen Plus; OCS-Plus,17 

Quick Aphasia Battery;18,19 Western Aphasia 
Battery – Revised.20 Further, other cognitive 

screening tools used in the early stages of stroke 
only capture severe global impairment [e.g. 
Montreal Cognitive Assessment; MoCA,21 Mini- 
Mental State Examination; MMSE,22–24 or mini
mally assess executive functions, which are known 
to be impacted in early stroke (e.g. CASP, CLQT, 
OCS, OCS-Plus, MoCA, MMSE). Consequently, 
subtle communication impairments (e.g. initiation 
impairment resulting in diminished connected 
speech) in stroke patients without clear aphasia go 
undetected, and therefore do not receive appropriate 
intervention and rehabilitation, which impacts rela
tionships, daily living, and quality of life.9 This study 
investigates the sensitivity and specificity of the Brief 
Executive Language Screening Test [BELS;13]; a 
recently developed cognitive screening tool that 
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assesses memory, oral apraxia, executive functions, 
and both core language (nominal) skills and sponta
neous (propositional) language.

Impairment to executive functions (e.g. initiation, 
inhibition, planning, problem solving) occur in 
~40% of acute stroke patients, and impact successful 
daily living and mental health25,8,26 Additionally, it is 
the strongest predictor of functional and cognitive 
outcomes one-year post-stroke.5,10,11 In addition, 
stroke patients often demonstrate impaired proposi
tional language; namely, voluntary, spontaneous, 
and connected speech that is novel to a context, 
and crucial for communicating ideas, thoughts, 
instructions, and feelings.9,13,27–30 Impairment pre
sents as diminished quantity and quality of con
nected speech,31 and consequently individuals can 
experience less meaningful communication and 
strained relationships with others.9

Propositional language impairments highlight the 
interface of language and executive functioning, 
which occurs at an early or higher level of language 
generation.13,31–35 Executive functions are integral to 
the pre-verbal conceptualization stage of language, 
and include planning, idea generation, selection (i.e. 
choosing from competing ideas, inhibiting irrelevant 
ideas), sequencing ideas, initiation, task-setting and 
monitoring.31–38 These executive functions have been 
associated with both left frontal [e.g. initiation, selec
tion; 37,39–43 and right frontal [e.g. inhibition;44,45 

regions. Importantly, patients with the acquired lan
guage disorder of dynamic aphasia demonstrate that 
disruption to conceptualization processes and 
severely reduced propositional language can occur 
despite intact core or nominal language [i.e. naming, 
repetition, comprehension.46–48,37,43,49 Non-aphasic 
stroke patients have also shown propositional lan
guage impairment, highlighting these deficits are 
subtle and can be easily missed without sufficient 
assessment; contributing to a lack of or insufficient 
intervention and rehabilitation.9

Assessment of propositional language and execu
tive functions in the acute stage of stroke is critical for 
early detection and rehabilitation. Brief cognitive 
screens are more practical than large neuropsychol
ogy batteries for acute patients who tire quickly; how
ever, tests such as the MMSE and MoCA21,22 lack 
sensitivity and specificity in this population, and 
underestimate cognitive impairment due to absence 
or limited measurement of complex, multifaceted 

domains like language and executive functioning, 
known to be affected in stroke.23–25,50,51,16,52–56 

Recently there has been a shift toward stroke-specific 
cognitive screening tools (e.g. OCS, OCS-Plus, CASP, 
QAB, WAB-R), which are tailored to stroke patients 
with aphasia.14,16–20 Although extremely valuable, 
these screens either largely remove spoken language, 
or tap core language only (e.g. naming), meaning 
higher level language impairments are not captured. 
Importantly, current screening tools (both aphasia 
screens and cognitive screens) only very minimally 
assess the executive function domain, that underpin 
the pre-verbal message-generation stage of proposi
tional language (e.g. OCS – Trails; MoCA – brief 
Trails and Verbal Fluency; CASP – Motor Go No- 
Go; QAB – connected speech topic; CLQT – Verbal 
Fluency and Design Generation; WAB-R – connected 
speech topic). Thus, a cognitive screen that more 
completely captures executive functions and proposi
tional language deficits in non-aphasic stroke patients 
(in addition to articulation and core language skills) is 
necessary to improve rehabilitation services, quality 
of life and long-term stroke outcomes.

Brief executive language screening test (BELS)

The BELS13 is a valid, recently developed brief cogni
tive test (~15-20 minutes) that can be administered at 
bedside. It has an Oral Apraxia subtest to screen for 
articulation and motor speech difficulties, as well as a 
Nominal Language subsection (Object and Action 
Naming, Word Comprehension, and Word and 
Sentence Repetition). A novel feature of the BELS is 
the Propositional Language and Executive Function 
subsection, which includes two Spontaneous Speech 
Scene Descriptions, Phonemic and Semantic Verbal 
Fluency (with two “Goal” conditions), Sentence 
Completion (Initiation and Inhibition), and a Motor 
Go No-Go subtest. This section taps executive func
tions (initiation, selection, inhibition, and strategy 
use) known to impact connected speech.13

Aims

This study aimed to determine stroke patients’ 
performance on the BELS relative to healthy age- 
and gender-matched controls, as well as sensitivity 
and specificity of a total BELS score. We also aimed 
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to explore a BELS cutoff score for left and right 
hemisphere patients (LHS and RHS, respectively). 
Our first hypothesis was that healthy controls 
would perform significantly better than stroke 
patients on the BELS. Secondly, we hypothesized 
a Receiver Operating Characteristic (ROC) curve 
analysis would provide a cutoff score on the BELS 
that was highly sensitive (high true positive rate) 
and specific (low false positive rate) when classify
ing stroke and healthy cases. We expected cutoff 
scores to be similar for LHS and RHS, due to both 
left and right frontal patients demonstrating 
impairment to executive processes44 Burgess & 
Shallice, 1996.37,41,43,45

Method

Data used in this cross-sectional study was 
obtained via convenience sampling by supervised 
clinical neuropsychology registrars and doctoral 
candidates in hospital stroke wards (Princess 
Alexandra Hospital, Royal Brisbane and Women’s 
Hospital, Surgical Treatment and Rehabilitation 
Service) as part of a longitudinal project between 
2016 and 2023. This study was approved by the 
Metro South and Metro North Queensland Health 
Human Research Ethics Committees (approval 
number HREC/16/QPAH/793). All participants 
provided informed written consent. Data and 
BELS study materials are available on the Open 
Science Framework (https://osf.io/473g6/). This 
study conforms to STARD Guidelines.

Participants

Stroke patients

Inclusion criteria were first-time stroke confirmed 
by brain imaging, over 18 years old and fluent 
English-speakers. Exclusion criteria were Transient 
Ischemic Attack, or diagnosis of another neurologi
cal disorder. Patients and controls who did not com
plete the BELS were excluded from analyses. One- 
hundred-and-nine patients were recruited, with a 
final sample of 88 stroke patients tested on average 
17.39 days (ranging from 2–49 days) post-stroke; 
acute to early subacute stage57, 43% female; handed
ness: 90% right, 1% forced right, 9% left; MAGE = 
62.88, SDAGE = 14.10; MEDUCATION = 12.03, 

SDEDUCATION = 2.71]. There were 80 ischemic 
stroke patients, and eight hemorrhagic patients, 29 
left hemisphere patients (LHS), 57 right hemisphere 
patients (RHS), and two bilateral patients.

Controls

Healthy controls were recruited through the 
University of Queensland (UQ) networks and 
included if they spoke fluent English and were 
18 years or older. Exclusion criteria was any neurolo
gical disorder or performing in the impaired range 
(<5th percentile) on standard neuropsychology tests. 
The final control group consisted of 116 healthy 
adults (47% female; handedness: 92% right, 1% 
right/ambidextrous, 7% left; MAGE = 63.15, SDAGE = 
13.52; MEDUCATION = 15.12, SDEDUCATION = 3.56).

Materials

Due to the verbal nature of the BELS, stroke 
patients were screened for aphasia via independent 
neuropsychological tests. These included the 
National Adult Reading Test to assess reading 
[NART – 2nd Edition,58 normative data for cutoffs 
from59; the Boston Naming Test to assess naming 
[BNT – Short Form,60 normative data for cutoffs 
from,61,and62 and the Hayling Sentence 
Completion Test (Section A) to assess comprehen
sion [HSCT.63 Visual perception was also assessed 
via the Visual Object and Space Perception Battery 
Incomplete Letters subtest64 Patients were classi
fied as aphasic if they performed below the 5th 

percentile on either NART, BNT, or HSCT A.

BELS

The BELS has four subsections.

Oromotor functioning
Oromotor functioning is assessed via the Oral 
Apraxia subtest, which involves execution of five 
facial/mouth movements (e.g. whistling).

Nominal language
Ten items (e.g. tiara) are used for Object Naming, 
Word Repetition and Word Comprehension. 
Action Naming includes five illustrated actions 
obtained from Druks and Masterson’s65 Object and 
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Action Naming Battery (e.g. “shooting”), which are 
subsequently transformed to past tense (e.g. “shot”). 
There are five Sentence Repetition items.

Propositional language and executive functions.
Spontaneous speech is assessed via a complex 
scene (Australian Beach Scene), with participants 
instructed to describe the scene for one minute. 
The Cookie Theft Scene66 is then presented as a 
“goal” condition, with participants instructed to 
speak continuously for one minute about the 
scene.13,67 Word Fluency tasks involve naming as 
many words as possible in one minute under two 
conditions68: phonemic (i.e. words beginning with 
S and B) and semantic (i.e. animals and fruits/ 
vegetables). “B” and “Fruit/Vegetables” are “goal” 
conditions, in which participants have a goal of 
speaking 20% more words than “S” and 
“Animals,” respectively, which increases language 
generation.67 Motor Go-No-Go is based on,69 tap
ping task and requires participants to copy finger 
tapping sequences performed by the assessor (e.g. 
assessor taps once, participant taps once), and then 
reverse tapping rules (e.g. assessor taps once, parti
cipant taps twice). Sentence Completion (SC) was 
developed based on the Hayling Sentence 
Completion Test,63 and requires participants to 
complete ten sentences read aloud by the assessor 
by producing one word, under two conditions: 
Initiation (the sentence must be meaningful, e.g. 
“The lecture should last about one … ” hour) and 
Inhibition (the sentence must be non-meaningful, 
e.g. “The lecture should last about one … ” plant). 
Low Constraint Initiation items increase selection 
demands due to multiple competing responses 
becoming available, compared to High Constraint 
items which have a dominant response.13,37,43

Memory. Incidental Verbal Memory involves parti
cipants recalling the ten items from Object Naming, 
Word Repetition and Word Comprehension 
subtests.

BELS scoring

A total BELS score out of 100 can be calculated, as 
well as a total score for each subsection. See 
Supplementary Materials for BELS score sheets, 

instructions, and scoring manual (including how 
to calculate a total score).

Statistical analyses

Using IBM SPSS Statistics 27,70 an alpha level of.05 
was set for all analyses unless otherwise stated for 
Bonferroni corrections for multiple comparisons. 
Differences between stroke and control groups 
were investigated via independent samples t-tests 
(and Mann-Whitney U tests for non-parametric 
data). ROC curve analysis was performed to deter
mine sensitivity and specificity of a total BELS 
score. To ensure aphasic patients were not driving 
significant results, inferential statistics and ROC 
analyses were conducted with and without aphasic 
patients. ROC curve analyses were also conducted 
with RHS and LHS separated to determine most 
appropriate cutoffs.

Results

Descriptive statistics for baseline neuropsychology 
and BELS subtests are presented in Table 1. 
Patients and controls were matched in age 
(U = 4927, p =.672). In total, 15 stroke patients 
(17%; n = 7 LHS, 7 RHS, and 1 bilateral patient) 
showed signs of aphasia on independent reading 
(n = 3; 1 LHS, 1 RHS, 1 Bilateral), naming (n = 11; 
6 LHS, 5 RHS), and comprehension (n = 2; 1 LHS, 
1 RHS) measures. One patient was impaired on 
both reading and comprehension.

The percentage of patients impaired (i.e. perfor
mance <5th percentile) on BELS subsections (and 
proportion of LHS and RHS impaired) were similar 
when aphasic patients were included and excluded 
(see Table 2). The largest change was a 5% decrease 
in impaired patients for Nominal Language, 
Propositional Language and Executive Functions, 
and Memory subsections. LHS and RHS were rela
tively equally impaired (except for Oral Apraxia 
and Memory, where more RHS were impaired).

Inferential statistics comparing patients and 
controls were conducted with and without aphasic 
patients (see Table 3). Stroke and control groups 
did not significantly differ on Word 
Comprehension, Word Repetition, or SC 
Initiation number correct (after correction for mul
tiple comparisons; see Table 3). On all other BELS 
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subtests, controls performed significantly better 
than stroke patients. When aphasic patients were 
removed from comparisons, the only changes to 
results were Sentence Repetition and Motor Go 
No-GO, which became non-significant after cor
recting for multiple comparisons (U = 3818.50, 
p =.007; and U = 3732.50, p =.012, respectively). 
Additionally, to ensure BELS Oromotor Function 
and Nominal Language impairments were not 

driving significantly poorer total BELS scores, a 
second t-test was conducted with controls (N = 
105) and patients who were not impaired on these 
subsections (N = 49). Stroke patients’ total BELS 
scores remained significantly lower than controls, 
t(56.89) = 9.87, p <.001, d = 2.20 (equal variances 
not assumed). The percentage of patients 
impaired on overall BELS scores also remained 
high, at 73%.

Table 2. Percentage of patients (and Proportion of LHS: RHS) Impaired on BELS Subsections.
Whole Stroke Group Stroke Group Without Aphasia

BELS Subsection %<5th (N LHS: N RHS: N 
Bilateral)

% of LHS: % of RHS %<5th (N LHS: N RHS: N 
Bilateral)

% of LHS: % of RHS

Oral Apraxia 7% (0:6:0) 0:11 8% (0:6:0) 0:12
Nominal Language 28% (8:16:1) 28:28 23% (5:12:0) 23:24
Propositional Language & Executive 

Functions
72% (20:34:2) 74:69 67% (14:28:1) 70:65

Memory 26% (5:14:2) 17:26 21% (2:11:1) 10:24
Total BELS 78% (18:37:2) 75:79 77% (13:32:1) 72:78

Table 3. Inferential statistics for BELS subtests: Comparison of controls and stroke groups.
Whole Group Without Aphasia

N t/U p d/r N t/U p d/r

Oromotor Functioning
Oral Apraxia/10 204 3114.50 <.001 .41 189 2516.50 <.001 .42

Nominal Language
Word Comprehension/10 204 5046.00 .251 - 189 4234.00 1.000 -
Word Repetition/10 204 5046.00 .251 - 189 4176.00 .207 -
Sentence Repetition/5 204 4419.50 <.001 .24 189 3818.50 .007 -
Oral Naming/10 204 3010.00 <.001 .36 189 2773.00 <.001 .30
Action Naming/10 204 3520.50 <.001 .30 189 3022.50 <.001 .28
Nominal Language Total /20 204 2788.50 <.001 .40 189 2506.00 <.001 .35

Propositional Language and Executive Functions
Beach WPM 196 7.44 <.001 1.08 181 6.38 <.001 .98
GOAL Cookie WPM 196 7.36 <.001 1.11 181 7.13 <.001 1.10
Spontaneous Speech Total /20 192 8.52 <.001 1.29 177 1500.00 <.001 .50
S WPM 203 2173.00 <.001 0.49 188 1977.50 <.001 .44
GOAL B WPM 203 10.40 <.001 1.48 188 9.01 <.001 1.35
Animal WPM 202 1454.50 <.001 0.61 187 1243.00 <.001 .59
GOAL Fruit/Veg WPM 204 8.47 <.001 1.23 189 7.48 <.001 1.12
Verbal Fluency Total /16 201 1459.50 <.001 .62 186 1347.50 <.001 .59
Initiation Raw/10 204 4227.50 .009 - 189 3670.50 .049 -
HC/5 204 4974.00 .195 - 189 4212.50 .740 -
LC/5 204 4245.50 .009 - 189 3693.50 .056 -
Initiation RT (seconds) 197 −5.64 <.001 .84 182 5412.50 <.001 .31
HC RT 197 6255.50 <.001 .26 182 5161.00 <.001 .25
LC RT 197 −5.55 <.001 .80 182 5424.00 <.001 .31
Initiation Total/10 197 3095.00 <.001 .32 182 2826.00 <.001 .26
Inhibition/10 201 1802.50 <.001 .55 187 1513.00 <.001 .54
HC/5 201 1822.00 <.001 .56 187 1514.50 <.001 .55
LC/5 201 2104.50 <.001 .50 187 1818.50 <.001 .48
Strategy/2 201 6941.50 <.001 .42 187 2178.50 <.001 .48
Sentence Completion /22 194 1510.50 <.001 .58 180 1398.00 <.001 .54
Motor Go No-GO/3 203 4235.00 <.001 .25 188 3732.50 .012 -
Propositional Language and Executive Function /60 183 13.40 <.001 2.20 169 448.50 <.001 .73

Memory
Incidental Verbal Memory /10 197 5.70 <.001 .86 183 2457.00 <.001 .31

TOTAL BELS
Total BELS /100 178 12.79 <.001 2.22 165 11.41 <.001 2.22

Note. Where data is non-parametric and unable to be transformed, Mann-Whitney U statistics are reported. Bonferroni correction was applied for control and 
stroke comparisons (α =.002). “r” indicates effect sizes for Mann-Whitney U tests (.10 = small.30 = medium.50 = large), and “d” indicates effect sizes for t-tests 
(.20 = small.50 = medium.80 = large).
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Six ROC curve analyses were conducted (see 
Table 4). With all stroke and control participants 
included, AUC was.94, p <.001, 95%CI[.91.98] (see 
Figure 1). A cutoff score of 79.25/100 on the BELS 
had.89 sensitivity and.89 specificity. The likelihood 
ratio indicated a score below 79.25 was 8.1 times 
more likely to be that of a stroke patient than a 
control. With aphasic patients removed, specificity 
did not change, and sensitivity reduced slightly 
(by.02). Sensitivity and specificity were higher for 
RHS without aphasia (.90 and.89) compared to 
LHS without aphasia (.83 and.81).

Discussion

Early intervention and rehabilitation of language 
post-stroke is reliant on administration of sensi
tive cognitive assessment tools during the early 
stages of stroke. Screening tools used in stroke 
are typically either language screens designed to 
detect aphasia, or non-verbal cognitive screens 

designed for patients with aphasia (which is 
undoubtably crucial). However, patients without 
aphasia may still have subtle propositional lan
guage impairments that go undetected on lan
guage screens, and current widely used cognitive 
screens only minimally assess the executive 
functions that underpin the pre-verbal mes
sage-generation of connected speech. Following 
stroke, propositional language deficits and 
executive dysfunction impacts interpersonal 
relationships and quality of life.8,9,26 The BELS 
is a recently developed, valid screening tool 
which – in addition to articulation and memory 
– measures two cognitive domains (language 
and executive functions) that predict long-term 
neuropsychological, functional, and emotional 
outcomes post-stroke.5,8,10–13 We aimed to 
investigate how acute to early sub-acute stroke 
patients performed on BELS subtests relative to 
controls, and to determine sensitivity and speci
ficity of a total BELS cutoff score.

Table 4. ROC curve statistics and cutoffs for BELS total score.
95%CIs

Sens. Spec. Cutoff AUC p Upper Lower N Stroke N Controls
Whole group .89 .89 79.25 .94 .000 .91 .98 73 105
Without aphasia .87 .89 78.75 .94 .000 .89 .98 60 105
LHS & Controls .88 .81 81.05 .92 .000 .85 .99 24 105
Without aphasia .83 .81 81.05 .90 .000 .81 .99 18 105
RHS & Controls .92 .89 79.25 .95 .000 .92 .99 47 105
Without aphasia .90 .89 78.75 .95 .000 .91 .99 41 105

Note. “Sens.” = Sensitivity (true positive rate; high sensitivity indicates few false negatives). “Spec.” = 1-Specificity (true negative rate; high value indicates few 
false positives). AUC = Area Under Curve (indicates ability of BELS to differentiate healthy and stroke groups).

Figure 1. ROC Curve for BELS Total Score.
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Patients (whole group) and controls did not differ 
on Word Comprehension or Word Repetition subt
ests, or on total correct SC Initiation items (after 
Bonferroni corrections); however, patients performed 
significantly worse on all other BELS subtests. 
Impairment on individual subtests ranged from 1% 
to 52%. Despite largely intact articulation and core 
nominal language skills, most patients (73%) were 
impaired on the Propositional Language and 
Executive Function subscale. With aphasic patients 
removed from analyses, results remained largely 
unchanged – the exceptions being Sentence 
Repetition and Motor Go No-Go becoming non-sig
nificantly different between groups (after Bonferroni 
corrections). Percentages of patients impaired on 
BELS subsections (and proportions of LHS and RHS 
groups impaired) remained similar. This aligns with 
prior evidence that stroke patients without aphasia 
can experience language impairment at the executive 
level [i.e. initiation, selection, inhibition, strategy.9,37,43 

For the SC Initiation subtest, stroke patients demon
strated greater difficulty than controls with selection 
of multiple competing responses (SC Initiation Low 
Constraint), compared to selection of a single domi
nant response (SC Initiation High Constraint). 
However, this became non-significant after correcting 
for multiple comparisons. Notably, controls were sig
nificantly faster than patients to initiate responses on 
both high and low constraint items, highlighting dif
ficulties with both selection, and speed at which 
speech is initiated in acute to early sub-acute stroke. 
Deficits to idea selection have also been linked to 
reduced spontaneous speech in dynamic aphasia 
patients, meaning assessment of these executive pro
cesses are necessary to aid in detection and rehabilita
tion of connected speech.13,37,43,46,71 Deficits to 
selection and initiation of speech can be subtle, and 
although they may be detected in more extensive 
testing by speech and language therapists, there are 
currently no cognitive screening tools (to our knowl
edge) that capture these processes in an acute stroke 
setting. Importantly, these deficits can arise in the 
absence of aphasia which means these patients are 
not referred to speech and language therapists. For 
instance, one study found that only 10% of acute 
stroke patients with cognitive communication disor
der were referred for community-based rehabilitation 
when discharged home, compared to 53% of acute 
stroke patients with aphasia.72

The BELS was highly sensitive (.89) and specific 
(.89) when classifying stroke patients and healthy 
controls, particularly compared to the MoCA 
which is widely used [sensitivity.81, specificity.70.
73 When excluding patients with aphasia, specifi
city remained the same, and sensitivity remained 
high at.87. Sensitivity and specificity were higher 
for RHS (without aphasia) and controls (.90 
and.89, respectively), compared to LHS (without 
aphasia) and controls (.83 and.81, respectively), 
which aligns with research indicating right hemi
sphere lesions are more susceptible to executive 
impairments.44,45,74–78 However, we acknowledge 
the smaller sample of LHS compared to RHS 
patients, and that with more patients, sensitivity 
and specificity may increase. For clear first-time 
lateralized stroke patients, we recommend the 
LHS and RHS without aphasia cutoffs, and the 
whole-group cutoff for bilateral or 2nd time stroke 
patients, or patients with preexisting neurological 
conditions (e.g. dementia).

The BELS can identify articulation and nom
inal language impairments, in addition to 
subtle impairments to executive processes 
underlying more complex language, making it 
suitable for a wide range of stroke patients (i.e. 
non-aphasic patients13). This is crucial due to 
subtle language impairments going undetected 
on other cognitive and non-verbal stroke 
screens. The BELS therefore compliments tools 
like the OCS,16 OCS-Plus,17 QAB18,19 and 
CASP,14 by providing a more complete under
standing of patients’ propositional language 
and executive functioning. Consequently, 
speech and language therapists can intervene 
early in the rehabilitation process to ensure 
best possible outcomes and recovery.

Social communication is crucial for interperso
nal relationships and the ability to perform social 
or occupational roles.72,79–81 Reduction or impair
ment of communication post-stroke can impact 
reintegration into these roles, leading to social iso
lation and associated negative impacts on general 
health and wellbeing.79,82–87 While the impact of 
post-stroke aphasia is well-established, the impact 
of subtle, executive-level communication deficits 
(e.g. Cognitive Communication Disorder) on well
being and quality of life are less-researched, poten
tially due to a paucity of tools that screen or assess 
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more complex language production in an acute 
stroke setting.72,88,89

The BELS is a valid and valuable bedside screening 
tool that is sensitive to language and executive impair
ments experienced by stroke patients in the acute to 
early sub-acute phase, even in the absence of signifi
cant aphasia. A limitation to the current study was 
that if any BELS subtests were not completed, a total 
score could not be calculated. This meant 15 stroke 
patients and 11 controls were excluded from the ROC 
curve analysis. However, total scores for each BELS 
subsection can still be calculated, and each subsection 
(except Memory) is standalone, meaning only the 
section of interest may be administered. It would 
therefore be beneficial for future studies to determine 
a cutoff for each BELS subsection. Due to non-para
metric data, we were unable to use ANCOVAs to 
control for Articulation and Nominal Language 
scores when examining Propositional Language and 
Executive Functions, and total BELS scores. However, 
when patients impaired on Articulation and Nominal 
Language were excluded, the percentage of patients 
impaired on Propositional Language and Executive 
Functions and total BELS scores remained high 
(~75%), and group comparisons remained signifi
cant. Similar results were found when patients indi
cating aphasia on independent measures were 
removed. Finally, LHS patients may be underrepre
sented in our sample, likely because they would be 
expected to have more core language deficits (e.g. 
non-fluent aphasia) that impact skills required for 
consent processes (e.g. comprehension).

Future directions include investigation into 
whether the BELS (particularly the Propositional 
Language and Executive Function subsection) is 
sensitive to left versus right hemisphere stroke 
impairments, and whether BELS scores can predict 
long-term neuropsychological and functional out
comes. This will better equip rehabilitation teams 
to identify language and executive impairments, 
tailor appropriate interventions, and predict and 
track improvements post-stroke.90
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