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Purpose: The study aimed at developing and determining the preliminary reliability and va-
lidity of a new screening form for use by laypersons to refer individuals with neurogenic
communication disorders to speech-language pathologists.

Methods: Thirty-two native Cantonese speakers with neurogenic communication disorders
were tested with the proposed screening form by fourteen volunteer raters and well-estab-
lished speech and language tests for aphasia, dysarthria and apraxia of speech (AOS) by ten
speech-language pathology students.

Results: Statistical analyses showed that the internal consistency and inter-rater reliability
were high in all the tasks for aphasia and most of the tasks for dysarthria and AOS of the
proposed screening form. It was further identified that some of the tasks for aphasia, dysar-
thria, and AOS would be valid for laypersons to identify individuals with communications dis-
orders.

Conclusions: The results indicated that the tasks for screening aphasia, dysarthria, and AOS
should be carefully selected so that untrained laypersons would be able to make correct
judgements. Further investigations involving a larger sample size are needed to determine
areas to enhance the sensitivity and discriminating power of the current screener to be used
by laypersons without a clinical background.
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INTRODUCTION

Neurogenic communication disorders, including aphasia (receptive and/or expressive
language disorders), dysarthria and apraxia of speech (AOS) (motor speech disorders),
are consequences of damages to the nervous system [1]. Kong [2] estimated that about
80,000 individuals were diagnosed with aphasia after stroke at a given time in Hong
Kong. There was no information on the incidence of motor speech disorders. As cere-
brovascular diseases have close associations with motor speech disorders [3,4], the
prevalence of motor speech disorders should not be underestimated given the number
of new cases with stroke every year in Hong Kong, i.e., 25,000 [5].

It is important to provide speech and language pathology services for individuals
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with neurogenic communication disorders as early as possible
so0 as to improve prognosis, preferably while they are still stay-
ing in the hospitals or rehabilitation centers [3]. The major
caseloads of speech-language pathologists in adult clinical
settings are swallowing disorders, followed by dementia and
aphasia, and then other cognitive communication disorders
and dysarthria [6]. It is common to have co-occurrence of dys-
phagia, aphasia, and dysarthria [7]. In Hong Kong, speech-
language pathologists in community settings may receive re-
ferrals from any source to provide assessment and treatment
to patients though speech-language pathologists in hospitals
may only receive referrals from doctors. According to the re-
sults of a recent clinician survey study, the intensity and fre-
quency of current speech and language pathology services in
Hong Kong for individuals with acquired neurogenic commu-
nication disorders fell short of expectations and most “best
practice” recommendations set in developed countries [8].

There are limited standardized assessment tools for assess-
ing neurogenic communication disorders by speech-lan-
guage pathologists in Hong Kong; among them include the
Cantonese Aphasia Battery (CAB) [9] and Main Concept
Analysis (MCA) [10] for assessment of language disorders as
well as the Hong Kong versions of Birmingham Cognitive
Screen (HK-BCoS) [11] and Oxford Cognitive Screen (HK-
0OCS) [12] for screening of cognitive disorders. Currently, there
is alack of standardized and published tools for assessing mo-
tor speech disorders in Hong Kong Cantonese. The Frenchay
Dysarthria Assessment-2 (FDA-2) [13] and Apraxia Battery for
Adults-2 (ABA-2) [14] were translated into Cantonese and
used by speech-language pathologists in Hong Kong but
these adaptations have not been formally standardized with
the local population. Currently, there is no layperson-oriented
screener of communication disorders for the Cantonese-
speaking population. If an individual can receive a reliable
and valid screening by a layperson after damage to the ner-
vous system, the number of individuals with neurogenic com-
munication disorders being referred to speech-language pa-
thologists should increase. An individual can then receive an
assessment and follow-up treatment as early as possible.

In order to ensure that a proposed screening measures what
itis purported to measure and is stable across application, dif-
ferent types of reliability and validity should be considered
[15]. For reliability, internal consistency and inter-rater reli-
ability are two common measures [15]. Internal consistency
measures the consistency among different sections of the
same test and is usually measured with Cronbach’s alpha, a
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statistic calculated from the pairwise correlations between
items of the test [16]. Cronbach'’s alpha higher than 0.8 indi-
cates good reliability, between 0.7 and 0.8 indicates accept-
able reliability, below 0.7 indicates questionable reliability. In-
ter-rater reliability measures the degree of agreement between
different raters on the items, after the raters have done the rat-
ings individually [17]. For validity, content, construct, and
concurrent validity are common measures. Content validity is
used to reflect the degree to which a measure is representative
in the domain of interest [15]. It is often done by having a
group of experts in the relevant field verify that the test mea-
sures what it is supposed to measure. Construct validity is
used to reflect whether a measure relates to the underlying
constructs [18] and may be established by principal compo-
nent analysis. Principal component analysis may be per-
formed by calculating the corrected item-total correlation co-
efficients on each item to determine their sensitivity to dis-
criminate the performance of the participants in the measure
[19]. Items with low corrected item-total correlation coeffi-
cients are considered as “low discriminating’, which indicates
a poor sensitivity to differentiate the performance between
participants [20]. A minimum of corrected item-total correla-
tion coefficient of 0.3 is set as the criterion of data deletion
based on the suggestion of [20]. Principal component analysis
presumes that the constructs are not inter-correlated to each
other and allows discrimination of the testing items into the
proposed constructs. It is used for analysis of the dispersion of
observations, highlighting possible groupings and detecting
the variables that are responsible for the dispersion [21]. The
Kaiser-Meyer-Olkin Measure of Sampling Adequacy is one of
the procedures that can indicate the proportion of variance in
the variables which might be caused by underlying factors.
Value which is close to 1.0 generally indicates that a factor
analysis may be useful while a value which is less than 0.5 in-
dicates that a factor analysis will not be very useful with the
data [22]. Bartlett’s test of sphericity is used to indicate if the
variables are unrelated and therefore unsuitable for structure
detection. Value which is less than 0.05 of the significance
level indicates that a factor analysis may be useful with the
data [23]. Concurrent validity is used to determine whether
the testing items in a proposed measure relate to existing sim-
ilar measures. It is done by doing correlation of a new test with
ameasure that has previously been validated [16].

In this study, we aimed to develop a reliable (in terms of in-
ternal consistency and inter-rater reliability) and valid (in
terms of content, construct, and concurrent validity) screen-
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ing form for use by laypersons to refer individuals with neuro-
genic communication disorders to speech-language patholo-
gists. Such a screening form, when fully validated, will be a
valuable tool for many healthcare settings in Hong Kong to
triage clients with different types and degrees of acquired
neurogenic communication disorders, and can potentially be
adapted and modified for use in other countries.

METHOD

Participants

Individuals with neurogenic communication disorders
Thirty-two native Cantonese speakers, mean age=>51.16 years,
SD =13.80, range = 24-71 years, were recruited from the speech
and language pathology clinic of a University in Hong Kong
and community rehabilitation centres. Seven of them were at
the age of 20-39 (21.88%, 7/32), twenty at the age of 40-59
(62.50%, 20/32) while the remaining five (15.63%, 5/32) were
at the age of 60 or above. They were 19 males (59.38%, 19/32)
and 13 females (40.63%, 13/32) with at least 6 months post
onset. The majority of them (28/32, 87.50%) had suffered from
cerebrovascular accident and four of them (12.50%, 4/32) had
suffered from traumatic brain injury with no concomitant
psychological or degenerative diseases. All the individuals
were informed of the purpose and procedures of the study
and provided written informed consent to participate in the
study in compliance with the Committee for Human Subjects
Ethics of the University.

Volunteer raters

Fourteen volunteer raters (aged from 20-29) who had not re-
ceived any speech and language pathology training were re-
cruited using convenience sampling [15]. The volunteer raters
were responsible for administering the proposed screening
form to the individuals with neurogenic communication dis-
orders. The profile of the volunteer raters is outlined in Table 1.

Student clinicians

Ten master-level speech and language pathology students
were also recruited by random sampling. They were responsi-
ble for implementing the Cantonese Aphasia Battery (CAB)
[9], Cantonese versions of Frenchay Dysarthria Assessment-2
(FDA-2) [13] and Apraxia Battery for Adults-2 (ABA-2) [14] to
the individuals with neurogenic communication disorders af-
ter training by the first author.
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Table 1. Profile of the volunteer raters

Variables Elements Frequency Percent
Gender Male 7 50.00% (7/14)
Female 7 50.00% (7/14)
Education level Associate degree 1 7.14% (1/14)
Undergraduate 6 42.88% (6/14)
Postgraduate 7 50.00% (7/14)
Major Occupational 6 42.89% (6/14)
therapy
Language 4 28.57% (4/14)
Psychology 14.30% (2/14)
Social work 1 7.14% (1/14)
Computer science 1 7.14% (1/14)

Development of screening form

Testing items

The last author had initially proposed 95 items under four ar-
eas (including expressive language, receptive language, dysar-
thria and AOS) based on the well-established assessment
tools (i.e., CAB, FDA-2, and ABA-2 adapted in Cantonese) and
reports in the literature. The items were sent to three clinical
staff of the university with more than 10 years of experience in
working with communication disorders of neurogenic popu-
lation (first three authors) to review. Then the expert panel
sent individual feedback on the wordings, content and scor-
ing methods in the form to the last author. After the last author
had revised the form, the expert panel reviewed the 95 items
again in a face-to-face meeting to discuss together any unre-
solved suggestions on item instructions, wordings and scoring
schemes. The last author then prepared a finalized version of
the screening form (Table 2).

For easy administration of the screening in a variety of set-
ting, common daily items, including cellphone, water bottle,
key, pencil, tissue, plastic bag were used for comprehension
of single words and commands and newspaper, glasses,
watch, wallet, and notebook were used for object naming.

Scoring system

Section 1-10 and 12 use a binary scoring system with “1” and
“0” to represent “presence/yes” and “absence/no”. Section 11
requires the rater to write down the names of fruit items or-
thographically. Section 13 requires the rater to write down the
words in picture description orthographically and rated the
fluency and content using a Likert scale with four levels (flu-
ency: usually fluent, sometimes fluent, single words only, no



Table 2. The construct of the proposed screening form

Number
Area Section of testing
items

Receptive language 1 Orientation questions 5

2 Yes/no questions 5

3 Noun 5

4 Verb 5

5 Simple commands 5

6 Sequential commands 5
Expressive language 7 Responsive naming 5

8 Noun 5

9 Verb 5

10a Repetition (syllable) 5

10b Repetition (articulation) 5

11 Divergent naming 1

12 Sentence completion 5

13a Fluency 1

13b Information 1
Dysarthria 14 Intelligibility 1

15 Respiration in speech 1

16 Voice quality 1

17 Volume 1
Dysarthria and AOS™ 18a Alternate Motion Rate (AMR) (rate) 3

18b Alternate Motion Rate (articulation) 3

19a Sequential Motion Rate (SMR) (rate) 1

19b Sequential Motion Rate (articulation) 1
A0S 20a Increased word length (syllable)

5
20b Increased word length (articulation) 5
21a Repeated trials (syllable) 5
21b Repeated trials (articulation) 5

*Section 18 AMR and 19 SMR were considered as both dysarthria and AOS
areas, as they were highly sensitive indices of motor speech impairments
relating to both speech motor planning/programming and execution (Duffy,
2013).

response; content: 5 items or above, 3-4 items, 1-2 items, no
response). Section 14 to 17 use a Likert scale with three levels
(normal, mildly impaired, severely impaired). Section 18 and
19 require the rater to judge if the speech rate is normal, too
fast, too slow or no response and the number of syllables with
misarticulation. Section 20 and 21 require the rater to record
the number of syllables in production (same number of sylla-
bles as the target, more than the target number of syllables,
less than the target number of syllables, no response) and if
the articulation is correct.
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Procedure

Individuals with neurogenic communication disorders were
assigned to volunteer raters and student clinicians randomly.
Half of them were tested with standardized assessments be-
fore the proposed screening form and half were tested with
the proposed screening form before the standardized assess-
ments. The sessions were audio-recorded. All the individuals
with neurogenic communication disorders needed less than
30 minutes to finish the proposed screening form and less
than two hours to finish the whole assessment. The student
clinicians recorded all the results of standardized tests and the
volunteer raters recorded the results of the proposed screen-
ing form during the testing procedures.

DATA AND STATISTICAL ANALYSIS

In order to ensure that the proposed screening form is reliable
and valid, the internal consistency, inter-rater reliability and
content, construct and concurrent validities were investi-
gated.

Cronbach’s alpha coefficient was done on the test items to
see if the items were under the same construct so as to ad-
dress the internal consistency.

For inter-rater reliability, the audio recording of five selected
individuals with neurogenic communication disorders (i.e.,
two with severe aphasia and motor speech disorder, one with
moderate aphasia and motor speech disorder, one with mod-
erate aphasia but no motor speech disorder, and one with no
aphasia and mild motor speech disorder) were independently
reviewed and scored by second raters. The five selected indi-
viduals covered the range of neurogenic communication dis-
orders in the sample. The score of each section in the pro-
posed screening form obtained by the first and second raters
were compared using Pearson’s r coefficients correlation.
Since the second raters could only judge the performance of
individuals with neurogenic communication disorders based
on audio recording, the inter-rater reliability of section 3 noun
comprehension, 4 verb comprehension, 5 simple command,
and 6 sequential command in which the individuals with
neurogenic communication disorders responded by pointing
or manipulating the objects were not obtained.

Content validity was established by an expert panel com-
posed of three qualified speech-language pathologists who
had at least 10 years of experience in daily management of in-
dividuals with neurological impairments.

Construct validity was investigated by principal component
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Table 3. Expected correlation between the proposed screening form, CAB, FDA-
2, and ABA-2 (Cantonese)

Area Section of the screening form Validation task
Receptive 2 Yes/no questions Yes/no questions (CAB)
language 3 Noun comprehension Auditory word recognition (CAB)
4 \lerb comprehension Auditory word recognition (CAB)
5 Simple commands Sequential commands (CAB)
6 Sequential commands Sequential commands (CAB)
Total score of the receptive Total score of the auditory verbal
language comprehension (CAB)
Expressive 7 Responsive naming Responsive speech (CAB)
language 8 Noun naming Object naming (CAB)
9 Verb naming Object naming (CAB)
10a Repetition (syllable) Repetition (CAB)
10b Repetition (articulation) Repetition (CAB)
11 Divergent naming Word fluency (CAB)
12 Sentence completion Sentence completion (CAB)
13.1 Fluency Spontaneous speech — fluency
(CAB)
13.2 Information Spontaneous speech —
information (CAB)
Total score of the expressive  Total score of naming, repetition
language and spontaneous speech (CAB)
Sum of receptive and expressive Aphasia quotient (CAB)
language
Dysarthria 14 Intelligibility Intelligibility: conversation (FDA-2)
15 Respiration in speech Respiration in speech (FDA-2)
16 Voice quality Laryngeal in speech (FDA-2)
17 Volume Laryngeal volume (FDA-2)
Total score of Dysarthria Severity of dysarthria (FDA-2)
Dysarthria  18a AMR (rate)* Diadochokinetic rate (ABA-2)
and AOS  18b AMR (articulation)* Diadochokinetic rate (ABA-2)
19a SMR (rate)* Diadochokinetic rate (ABA-2)
19b SMR (articulation)* Diadochokinetic rate (ABA-2)
AQS 20a Increased word length Increased word length (ABA-2)

(syllable)

20b Increased word length
(articulation)

21a Repeated trials (syllable)
21b Repeated trials (articulation)
Total score of AOS

Increased word length (ABA-2)

Repeated trials (ABA-2)
Repeated trials (ABA-2)
Severity of AQS (ABA-2)

*Although section 18 AMR and 19 SMR were considered as both dysarthria and
AOS areas (Duffy, 2013), correlations were only done with ABA-2 as the tasks in
the proposed screening form were designed based on ABA-2. The description in
the tasks of FDA-2 was considered as too difficult for naive listener to judge the
performance.
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Table 4. Reliability of the proposed screening form in terms of internal con-
sistency

Construct of the screening form A

Receptive language 0.90
Expressive language 0.83
Dysarthria 0.80
AQS 0.62

analysis to evaluate if the items can be discriminated into the
four areas (i.e., expressive language, receptive language, dys-
arthria and AOS) as proposed. Factor analysis was done fur-
ther to identify the underlying relationships between the
measured variables.

For concurrent validity, scores from all different sections
except section 1 orientation questions in the proposed screen-
ing form were compared with similar tasks in CAB [9], FDA-2
[13], and ABA-2 [14] adapted in Cantonese using Pearson cor-
relation coefficient. The expected correlated items are listed
in Table 3. The orientation questions in the proposed screen-
ing form were not compared with the questions for spontane-
ous speech in CAB as the questions in CAB were used to as-
sess the information and fluency of an individual in conveying
message instead of orientation.

RESULT

Internal consistency

Cronbach’s alpha of the test items in the four proposed areas
was examined to establish the internal consistency (Table 4).
It should be noted that section 18 and 19 were included in
both dysarthria and AOS areas in the analysis.

Inter-rater reliability

The scores of the five randomly selected individuals with neu-
rogenic communication disorders obtained by two different
untrained volunteer raters was compared using Pearson’s r
coefficients correlation. The inter-rater reliability of the pro-
posed screening form was shown in Table 5.

Statistically significant results were found in most sections
except section 15 respiration in speech, 18 AMR (rate) and
(articulation), 19 SMR (rate) and (articulation), 21 repeated
trials (syllable) and (articulation), indicating that insignificant
inter-rater reliability in these sections.

Content validity
Following the methodology in Huck [15] and Scott and Xie



Table 5. Inter-rater reliability of the proposed screening form

Section of the screening form R

1 Orientation questions 1.00%*
2 Yes/no questions 1.00%*
7 Responsive naming 0.97*
8 Noun naming 1.00%*
9 Verb naming 1.00%*
10a Repetition (syllable) 1.00%*
10b Repetition (articulation) 0.97**
11 Divergent naming 1.00%*
12 Sentence completion 1.00%*
13.1 Fluency 1.00%*
13.2 Information 0.94*
14 Intelligibility 1.00%*
15 Respiration in speech 0.54
16 Voice quality 0.92*
17 Volume 0.89*
18a AMR (rate) 0.91
18b AMR (articulation) 0.76
19a SMR (rate) 0.58
19b SMR (articulation) 0.65
20a Increased word length (syllable) 0.99**
20b Increased word length (articulation) 0.90%
21a Repeated trials (syllable) 0.87
21b Repeated trials (articulation) 0.76

*Correlation significant at the 0.05 level; **Correlation significant at the
0.01 level.

[18], the content validity was established by an expert panel
with three clinical staff of the university with more than 10
years of experience in working with communication disorders
of neurogenic population by careful selection of the testing
items independently and in a meeting.

Construct validity

To address the construct validity, item analysis was performed
to identify items with low corrected item-total correlation co-
efficients, which indicated that the items should not be in-
cluded in the set [19]. Before calculating the corrected item-
total correlation coefficient, items 3.3 noun comprehension,
20.1, and 20.2 increased word length were removed since they
have no variance among all the individuals with neurogenic
communication disorders and thus should not correlate with
the overall score of the measurement. Table 6 shows the cor-
rected item-total correlation coefficients of all the items in the
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proposed screening form.

Based on the results, a total of 12 items (i.e., 1.1 orientation
question, 3.1, 3.3, and 3.5 noun comprehension, 8.2 noun
naming, 10.1a, 10.2a, and 10.3a repetition, 12.2 and 12.3 sen-
tence completion, 20.1a and 20.2a increased with length)
were removed from the screening form in the subsequent
analyses because of low corrected item-total correlation coef-
ficients. Then, principal component analysis was carried out
to evaluate if the items could be discriminated into the four
areas as proposed. The four areas (factors) accounted for
46.70%, 10.21%, 8.69%, and 6.30% of the variance respectively.
The value for Kaiser-Meyer-Olkin test was 0.53, which indi-
cated a moderate level of suitability for performing factor
analysis of the data [22]. The Bartlett’s test of sphericity for x*
was 855.43 (d.f. 325, p<0.001), suggesting that the data could
provide significant common variances which could be sum-
marized into factors [23]. Based on the four areas (factors), an
anchor variable was chosen for each proposed area (factor)
by identifying the variable with the highest loading. The load-
ing of various variables is shown in Table 7.

Based on the results, factor 1 was loaded by all receptive
and expressive language tasks as well as most of the motor
speech tasks which were designed to detect AOS except item
18a AMR (rate) and 19a SMR (rate). Factor 2 constituted most
of the motor speech tasks designed to detect dysarthria, ex-
cept item 14 intelligibility. Factor 3 was only loaded by item
18a AMR (rate) and 19a SMR (rate). No anchor variable was
found in factor 4.

Concurrent validity

For concurrent validity, the Pearson’s r coefficient between
the comparable aspects of the proposed screening form, CAB
[9], FDA-2 [13], and ABA-2 [14] adapted in Cantonese were
obtained (Table 8).

The results suggested that all testing items in the language
areas of the proposed screening form were positively and sig-
nificantly correlated with the corresponding areas in CAB. In
addition, three out of four comparable items (i.e., section 14
intelligibility, 16 voice quality, 17 volume) relating to dysar-
thria were also statistically significant. For the area of AOS,
only item 20a increased word length (syllable) and 20b in-
creased word length (articulation) showed significant rela-
tionships with the corresponding scores in ABA-2. Insignifi-
cant results were found in item 15 respiration in speech, 18
AMR (rate) and (articulation), 19 SMR (rate) and (articula-
tion), and 21 repeated trials (syllable) and (articulation).
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Table 6. Item analysis of the proposed screening form Table 6. Continued
Section of the Corrected item-  Cronbach’s Section of the Corrected item-  Cronbach’s
screenina form [tem no. total correlation  alpha if item screening form [tem no. total correlation  alpha if item
g coefficients deleted g coefficients deleted
1 Orientation questions 1.1 -0.11* 0.92 10 Repetition 10.1a (syllable) 0.07* 0.81
1.2 0.79 091 10.1b (articulation) 053 0.88
1.3 0.4 091 10.2a (syllable) 0.07* 0.81
14 0.65 0.91 10.2b (articulation) 0.37 0.88
15 0.25 0.92 10.3a (syllable) 0.26* 0.81
2 Yes/no questions 2.1 0.49 091 10.3b (articulation) 0.69 0.87
23 053 0.91 10.4b (articulation) 0.57 0.87
24 032 0.92 10.5a (syl!able)‘ 0.75 0.80
25 063 09] _ . 10.5b (articulation) 0.66 0.88
3 Noun comprehension 3.1 -0.18* 092 :; gwergent nam|r|1g- 1; 1 ggg g:;
1 1 . | J
22 057 091 entence completion . - o
34 0.44 091 12'3 0'22* 0-81
a— "
erb comprehension 4. I I 125 030 081
w2 Ui ol 13.1 Fluency 131 060 079
& b 0.1 13.2 Information 132 070 078
44 044 091 14 Intelligibility 14 046 077
45 0.62 0.91 15 Respiration in Speech 15 0.50 074
5 Simple commands 5.1 071 091 16 Voice quality 16 0.61 072
52 0.68 0.91 17 Volume 17 051 0.74
53 071 0.91 18 AMR 18.1a (rate) 035 0.76
5.4 061 091 18.1b (articulation) 0.66 0.88
55 0.55 091 18.2a (rate) 0.48 0.75
6 Sequential commands 6.1 0.53 091 18.2b (articulation) 0.75 0.86
6.2 0.58 091 18.3a (rate) 071 0.7
6.3 0.52 091 18.3b (articulation) 0.63 0.87
6.4 0.65 0.91 19 SMR 19.1 (rate) 0.37 0.76
6.5 0.65 091 19.2 (articulation) 0.74 0.89
7 Responsive naming 7.1 0.68 080 20 Increased word 20.3a (syllable) 0.63 0.84
72 085 0.80 Ieng‘[h 20.3b (ar‘[iculation) 0.50 0.88
73 064 0.80 20.4a (syl!able)- 0.76 0.82
74 078 0.80 20.4b (articulation) 0.44 0.88
75 073 0.80 20.5a (syl!able)_ 0.57 0.85
8 Noun naming 8.1 065 080 S ;??b (anliczllam”) gg; g:é
87 025 081 epeated trials Na(sy la e)l . .
21.1b (articulation) 0.80 0.86
8.3 0.55 0.80
21.2a (syllable) 0.64 0.85
8.4 0.58 0.80 . .
- ol o 21.2b (articulation) 0.46 0.88
i = e = 21.3a (syllable) 0.59 0.84
9 Verb naming 91 049 080 21.3b (articulation) 057 087
92 032 080 21 4a (syllable) 069 083
93 045 080 21.4b (articulation) 080 086
94 059 0.80 215a (syllable) 063 0.84
95 061 0.80 21.5b (articulation) 0.80 0.86
(Continued to the next) *Items with low discriminating power (corrected item-total correlation coefficients

<0.30) are highlighted.
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Table 7. Factor analysis of the proposed screening form

Variables of the

Area S — Factor 1 Factor2 Factor3 Factor4
Receptive 1 Orientation 0.88* -014  -0.02 0.22
language questions
2 Yes/no questions 077 034 -0.21 -0.07
3 Noun comprehension  0.51* 0.27 -0.40 -0.52
4 \erb comprehension  0.85*  -0.02 -0.31 0.18
5 Simple commands 083* -0.26 -0.18 023
6 Sequential 0.82* -027 0.15 0.18
commands
Expressive 7 Responsive naming ~ 0.90¢  -0.11 -0.10 0.25
language 8 Noun naming 0.84* -0.12 0.14 0.18
9 Verb naming 0.86* -0.08 0.02 0.12
10a Repetition 0.71* 017 0.05 0.34
(syllable)
10b Repetition 0.75* 019 034  -0.08
(articulation)
11 Divergent naming 0.83* -0.02 0.12 0.14
12 Sentence 047*  -0.34 0.02 0.25
completion
13.1 Fluency 061* 034  -0.08 0.43
13.2 Information 0.66*  0.30 -0.45 0.07
Dysarthria 14 Intelligibility 070 025 0.17 -0.05
15 Respiration in 0.23 063* -024 0.26
speech
16 Voice quality 0.37 0.62* -0.16 0.02
17 Volume 0.13 072  -024 0.23
Dysarthria ~ 18a AMR (rate) 017 0.33 071* 022
and AOS 180 AMR (articulation)  0.56*  0.42 0.41 -0.45
19a SMR (rate) 0.17 0.25 0.64* 031
19b SMR (articulation)  0.58*  0.34 0.39 -0.42
AQS 20a Increased word 0.70*  -0.35 0.26 -0.16
length (syllable)
20b Increased word 0.64* -0.07 0.40 -0.26
length (articulation)
21a Repeated trials 0.82*  -0.09 -0.07 017
(syllable)
21b Repeated trial 080* -0.29 0.17 0.01
(articulation)
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Table 8. Correlation analyses between the proposed screening form and

CAB, FDA-2 or ABA-2 (Cantonese)

Section of the screening form Validation task r
2 Yes/no questions Yes/no questions (CAB) 0.79**
3 Noun comprehension Auditory word recognition (CAB) ~ 0.46**
4 \lerb comprehension Auditory word recognition (CAB) ~ 0.82**
5 Simple commands Sequential commands (CAB) 0.75**
6 Sequential commands Sequential commands (CAB) 0.78**
Total score of the receptive Total score of the auditory verbal ~ 0.92**
language comprehension (CAB)
7 Responsive naming Responsive speech (CAB) 0.75%*%
8 Noun naming Object naming (CAB) 0.80**
9 Verb naming Object naming (CAB) 0.73**
10a Repetition (syllable) Repetition (CAB) 0.46**
10b Repetition (articulation) Repetition (CAB) 0.62**
11 divergent naming Word fluency (CAB) 0.85**
12 Sentence completion Sentence completion (CAB) 0.67**
13.1 Fluency Spontaneous speech — fluency 0.70**
(CAB)
13.2 Information Spontaneous speech — information  0.77**
(CAB)
Total score of the expressive Total score of naming, repetition ~ 0.88**
language and spontaneous speech (CAB)
Sum of receptive and expressive  Aphasia quotient (CAB) 0.91**
language
14 Intelligibility Intelligibility: conversation (FDA-2) 0.38*
15 Respiration in speech Respiration in speech (FDA-2) 0.20
16 Voice quality Laryngeal in speech (FDA-2) 0.38*
17 Volume Laryngeal volume (FDA-2) 0.39*
Total score of Dysarthria Severity of dysarthria (FDA-2) 0.39*
18a AMR (rate) Diadochokinetic rate (ABA-2) 0.35
18b AMR (articulation) Diadochokinetic rate (ABA-2) 0.15
19a SMR (rate) Diadochokinetic rate (ABA-2) 0.24
19b SMR (articulation) Diadochokinetic rate (ABA-2) -0.15
20a Increased word length Increased word length (ABA-2) 0.70**
(syllable)
20b Increased word length Increased word length (ABA-2) 0.70**
(articulation)
21a Repeated trials (syllable) Repeated trials (ABA-2) 0.26
21b Repeated (articulation) Repeated trials (ABA-2) 0.34
Total score of AOS Severity of AQS (ABA-2) 0.43*

*Items with the highest loading are highlighted in the column of the

corresponding factor.

DISCUSSION

In this study, we aimed to develop a reliable and valid screen-
ing form for use by laypersons to refer individuals with neuro-
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*Correlation significant at the 0.05 level; **Correlation significant at the

0.01 level.

genic communication disorders to speech-language patholo-

gists. This was done by analyzing the internal consistency, in-

ter-rater reliability and content, construct and concurrent va-

lidities of a proposed screening form.
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Internal consistency

For internal consistency, good reliabilities were found in the
receptive language (¢=0.90) and expressive language (o=
0.83) areas and an acceptable reliability was found in the dys-
arthria area (a.=0.80) (Table 4). However, the reliability of the
AOS area was considered as questionable (0.=0.62) because a.
was<0.70 [17]. Considering that section 18 and 19 were in-
cluded in both dysarthria and AOS areas in the analysis, the
questionable reliability in the AOS area was contributed by
section 20 (increased word length) and 21 (repeated trials). As
section 20 and 21 required the rater to record the number of
syllables produced by the individuals with neurogenic com-
munication disorders (same number of syllables as the target,
more than the target number of syllables, less than the target
number of syllables, no response) and if the articulation was
correct, the results showed that these items or requirements
are particularly challenging to laypersons. It is necessary to
find out if the challenge is created by the requirement of re-
cording both the number of syllables and judging articulation
errors so we may include only one requirement or the re-
quirement of recording the number of syllables or judging ar-
ticulation errors is difficult for laypersons so we should re-
move either requirement.

Inter-rater reliability

For inter-rater reliability, most sections demonstrated strong
inter-rater agreements (r>0.80) [24], except section 15 Respi-
ration in speech, 18 AMR (rate) and (articulation), 19 SMR
(rate) and (articulation), 21 repeated trials (syllable) and (ar-
ticulation), which were found to have no statistically signifi-
cant result. The result might indicate that the tasks with lower
inter-rater agreement (respiration in speech, AMR and SMR
(rate and articulation), repeated trials (syllable and articula-
tion)) are rather subjective or the tasks were difficult for the
raters to judge the performance of individuals with neurogenic
communication disorders and so the raters did not have much
agreement when compared to other items with higher degree
of correlation. For sections 18, 19, and 21, it is recommended
to find out if the challenge is created by the requirement of re-
cording both the rate/number of syllables and judging articu-
lation errors so we may consider only one requirement or the
requirement of recording the rate/number of syllables or judg-
ing articulation errors is difficult for laypersons so we should
remove either requirement. It is recommended to remove
Section 15 respiration in speech as some descriptive terms
such as “normal/grossly normal/abnormal most of the time”
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and “out of breath’; “insufficient breath support” were already

used to aid judgement of normal/abnormal respiration.

Content validity

The content validity of the proposed screening form was de-
veloped by careful selection of the test items. The 95 items
covered all the relevant areas on well-established assessment
tools in Cantonese (i.e., CAB, FDA-2 and ABA-2) as decided
by an expert panel with three clinical staff of the university
with more than 10 years of experience in working with com-
munication disorders of neurogenic population. A panel of
experts to review the test specifications and the selection of
items should improve the content validity [25]. Even with a
small sample size of 32 individuals with neurogenic commu-
nication disorders in this study, the results generally showed
strong content validity in relation to the well-established as-
sessment tools.

Construct validity
For construct validity, item analysis was performed and a ceil-
ing effect [26] was found in 12 items with low-discriminating
power (i.e., item 1.1 orientation question, 3.1, 3.3, and 3.5
noun comprehension, 8.2 noun naming, 10.1a, 10.2a, and
10.3a repetition, 12.2 and 12.3 sentence completion, 20.1a
and 20.2a increased with length) (Table 6). Since over 90% of
individuals with neurogenic communication disorders re-
sponded correctly to these items, these items were too easy
for them and so failed to discriminate their performance and
were removed in the subsequent analyses. In order to im-
prove the overall sensitivity of the proposed screening form,
these items should be removed or replaced by more difficult
items. For example, noun comprehension or naming may be
replaced by low frequency nouns or verbs. However, repeti-
tion, sentence completion and increased with length may not
have relevant more “difficult” items and may be removed.
Principal component analysis was performed but indicated
that the proposed structure could not be confirmed since the
results did not provide a good fit for the proposed four areas
(factors) (i.e., expressive language, receptive language, dysar-
thria, and AOS) [27]. An alternative factor structure was indi-
cated. The results showed that factor 1 was loaded by all re-
ceptive and expressive language tasks (section 1 to 13) as well
as most of the motor speech tasks which were designed to de-
tect AOS (section 18b, 19b, 20, 21) (Table 7). Only item 18a
AMR (rate) and 19a SMR (rate) for AOS were not included.
Since receptive and expressive language were collapsed into



the same factor, it indicated that receptive and expressive lan-
guage tasks would have some shared features. Some of the
comprehension tasks require verbal responses from the indi-
viduals with neurogenic communication disorders, e.g., sec-
tion 1 orientation question and 2 yes/no questions. On the
other hand, in order to complete the expressive language
tasks, the individuals with neurogenic communication disor-
ders need to comprehend the verbal instructions. Individuals
with aphasia would have impairment in both receptive and
expressive language, though comprehension may be less im-
paired than production [28]. Besides, section 14 intelligibility,
which was proposed to be under dysarthria, was also grouped
into factor 1 with predominately language tasks (Table 7). Pre-
vious studies found that the patients’ reduced speech intelligi-
bilities due to different etiologies would also exert significantly
negative influence on their communication effectiveness
[29,30]. Therefore, the reduced intelligibility of the individuals
with neurogenic communication disorders could likely pose a
challenge to untrained raters for their judgement of patients’
expressive language performance. In addition, section 18b
AMR (articulation), 19b SMR (articulation), 20 increased word
length, and 21 repeated trials, which were designed to detect
AOS were also loaded into factor 1 (Table 7). AMR, SMR, in-
creased word length and repeated trials required the individ-
uals to repeat the testing items. Repetition is a commonly
used assessment task for both aphasia as in CAB [9] and AOS
as in ABA-2 [14]. In CAB, the raters are required to record the
correct/incorrect productions of the individuals in terms of
number of syllables and units. In ABA-2, the raters are also re-
quired to record and count the correct/incorrect productions
of the individuals. Apparently, repetition tasks appear to be
more like a language task instead of a motor speech task. Be-
sides, there is a high comorbidity between AOS and aphasia.
The result in this study may reflect that AOS rarely presents in
its pure form which might make it almost indistinguishable
from aphasia [31]. Broca’s aphasia commonly co-exist with
AOS [31], and thereby increase the difficulty for the untrained
raters to distinguish the performance of the individuals in
AOS tasks from language tasks.

Factor 2 constituted most of the motor speech tasks relating
to dysarthria including section 15 respiration in speech, 16
voice quality, 17 volume. Respiration, phonation and prosody
are parameters on motor speech for dysarthric patients [32].

Factor 3 was only loaded by item 18a AMR (rate) and 19a
SMR (rate) which were considered as different from other
motor speech tasks in the proposed screening form. It should
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be noted that item 18b AMR (articulation) and 19b SMR (ar-
ticulation), which required judgement of correct/incorrect ar-
ticulation, were collapsed into factor 1. On the other hand,
item 18a AMR (rate) and 19a SMR (rate) required the raters to
decide whether the speech rates of individuals with neuro-
genic communication disorders were normal or too fast/slow.
This could be highly subjective for untrained raters who have
no experience working with individuals with motor speech
disorders. Gadesmann and Miller [33] also reported poor in-
ter-rater reliability (i.e., r=0.28) between ten untrained raters
and a significant divergence between ratings of untrained rat-
ers and speech-language pathologists (£=6.07, p<0.001) in
AMR and SMR.

Concurrent validity

For concurrent validity, the Pearson’s r coefficient between the
comparable aspects of the proposed screening form and stan-
dardized tests CAB [9], FDA-2 [13] and ABA-2 [14] adapted in
Cantonese were performed (Table 8). Most of the sections in
the proposed screening form showed statistically significant
relations with the relevant sections in CAB, ABA-2 and FDA-2
(Table 8), except for section 15 respiration in speech, 18 AMR,
19 SMR, and 21 repeated trials. The result of concurrent valid-
ity in these sections echoed the insignificant results in inter-
rater reliability (section 15 respiration in speech, 18a AMR
(rate), 18b AMR (articulation), 19a SMR (rate), 19b SMR (ar-
ticulation), 21a repeated trials (syllable), and 21b repeated tri-
als (articulation) as stated in the section of inter-rater reliabil-
ity above). Judgement of respiration in speech, rate and artic-
ulation of AMR and SMR tasks are especially difficult for un-
trained raters. On the contrary, section 20 increased word
length was found to have significant concurrent validity and
inter-rater reliability. Section 20 increased word length only
required individuals with neurogenic communication disor-
ders to repeat a phrase with fewer than 5 syllables. As men-
tioned previously, the results showed that it was difficult for
untrained raters to judge if the respiration of an individual
was normal in speech, the speech rate in AMR and SMR was
normal, slow or fast, count the number of articulation errors
in AMR and SMR and count the number of syllables and ar-
ticulation errors in repeated trials. The individuals with neu-
rogenic communication disorders would repeat the target syl-
lables for multiple times, i.e., ten times rapidly for SMR and
AMR (10 to 30 syllables), three times consecutively for re-
peated trials (9 to 15 syllables) and it would be challenging for
the untrained raters to judge the performance. Untrained rat-
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ers were only able to judge if the number of syllables was
fewer than five.

Design of recording format

In addition to the above-mentioned psychometric properties
of the screener, the design of the recording format might also
have an effect on the difficulty of the rating tasks. Different rat-
ing scale formats with varying numbers of response categories
and varying label formats would have effects on the responses
of the questionnaires [34]. In section 20 increased word length
of this study, boxes were provided under each syllable of the
stimuli for recording, which enabled the raters to document
the errors by putting a tick/cross in the box on the spot. How-
ever, this kind of visual aid was not provided in section 18

AMR, 19 SMR and 21 repeated trials. Raters were required to
mark down the number of errors. Some raters verbally re-
ported that the boxes were useful in facilitating their judge-
ment. For further modification, boxes shall be given for re-
cording each production in motor speech tasks in order to fa-
cilitate the judgement of the untrained raters.

Summary of analyses in reliability and validity

Table 9 is a summary of the analyses in internal consistency,
inter-rater reliability, construct, and content validities. The
highlighted sections, including yes/no questions, comprehen-
sion and production of verbs, comprehension of simple and
sequential commands, responsive naming, repetition (articu-
lation), divergent naming, fluency, information, intelligibility,

Table 9. Summary of reliability and validity of different sections in the proposed screening form

Area Section Internal consistency Inter-rater reliability Constructvalidity ~ Content validity
Receptive language 1 Orientation questions Good Significant Low CITI Significant

2 Yes/no questions™ Good* Significant™ Factor 1* Significant™

3 Noun Good Significant Low CITI Significant

4 Verb* Good* Significant™ Factor 1* Significant™

5 Simple commands* Good* Significant™ Factor 1* Significant™

6 Sequential commands™ Good* Significant™ Factor 1* Significant™
Expressive language 7 Responsive naming™ Good* Significant™ Factor 1* Significant™

8 Noun Good Significant Low CITI Significant

9 Verb* Good* Significant™ Factor 1* Significant™

10a Repetition (syllable) Good Significant Low CITI Significant

10b Repetition (articulation)* Good* Significant™ Factor 1* Significant™

11 Divergent naming™ Good* Significant™ Factor 1* Significant™

12 Sentence completion Good Significant Low CITI Significant

13a Fluency™ Good* Significant™ Factor 1* Significant™

13b Information™ Good* Significant® Factor 1* Significant™
Dysarthria 14 Intelligibility* Acceptable* Significant® Factor 1* Significant™

15 Respiration in speech Acceptable Non-significant Factor 2 Non-significant

16 Voice quality™ Acceptable* Significant™ Factor 2* Significant™

17 Vlolume™ Acceptable® Significant™ Factor 2* Significant™
Dysarthria and AOS  18a AMR (rate) Acceptable Non-significant Factor 3 Non-significant

18b AMR (articulation) Acceptable Non-significant Factor 1 Non-significant

19a SMR (rate) Acceptable Non-significant Factor 3 Non-significant

19b SMR (articulation) Acceptable Non-significant Factor 1 Non-significant
A0S 20a Increased word length (syllable) Questionable Significant Low CITI Significant

20b Increased word length (articulation) Questionable Significant Factor 1 Significant

21a Repeated trials (syllable) Questionable Non-significant Factor 1 Non-significant

21b Repeated trials (articulation) Questionable Non-significant Factor 1 Non-significant

Low CITI: sections with low corrected item-total correlation coefficients. *Sections that are passing all criteria for reliability and validity.
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voice quality, and volume, may be considered as passing all
four criteria and can be used as reliable and valid items in the
screening form. Voice quality and volume should be consid-
ered under the area of dysarthria while the remaining should
be considered under aphasia and AOS. The form and un-
trained raters cannot distinguish between aphasia and AOS.

LIMITATION OF STUDY AND DIRECTION OF FUTURE
RESEARCH

Small number of individuals with neurogenic
communication disorders

The small number of individuals with neurogenic communi-
cation disorders is one of the limitations. Suggested mini-
mums for sample size were 3 to 20 times the number of vari-
ables [35]. Because there are 21 variables in the proposed
screening form, the sample size should be at the range of 63 to
420. Based on the estimate of 80,000 individuals with aphasia
after stroke at a given time in Hong Kong [2], a sample size of
383 participants is recommended for a confidence level of
95% and a confidence interval of 5. There were only 32 indi-
viduals with neurogenic communication disorders in this
study. Albeit the small sample size, the pilot construction of
the screener proved it to be sensitive and valid. The next step
is to recruit a significantly larger sample size to allow proper
investigation of the psychometric properties of the screener.

Sample bias on individuals with the types of aphasia
Secondly, a large proportion of the individuals with neuro-
genic communication disorders were anomic (43.75%,14/32)
or Broca’s aphasia (28.13%, 9/32). Anomic aphasia is the mild-
est form of acquired language impairments [36,37]. Individu-
als with anomic aphasia could generally obtain high scores in
the receptive language parts of the screening form which
might take account for the ceiling effect in some of the tasks.
Broca’s aphasia commonly co-exist with AOS [31]. This might
also explain why most tasks for detecting AOS were collapsed
with receptive and expressive language tasks in the proposed
screening form. More individuals with different types of apha-
sia, as well as pure aphasia or motor speech disorders should
be recruited to further validate the underlying construct of the
proposed screening form.

Sample bias on demographic information of volunteer
raters

Ninety-three percent (13/14) of the volunteer raters had un-
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dergraduate degrees or above and all of them were young
(aged from 20-29 years). To ensure that the screening form
can be used by the general public, volunteer raters with more
diverse demographic background (e.g., wider range of educa-
tion background and age groups) should be recruited.

Moreover, the number of motor speech items (i.e., 32) was
far fewer than the language items (i.e., 63), which could con-
found the underlying construct of the screening form. There-
fore, more items for motor speech disorders such as voli-
tional/automatic speech and maximum phonation time may
be considered in the screening form [32].

CONCLUSIONS

A reliable and valid screening form was proposed for use by
laypersons to refer individuals with neurogenic communica-
tion disorders to speech-language pathologists. The screening
form may include yes/no questions, comprehension of verb,
simple and sequential commands, responsive naming, verb
naming, divergent naming, fluency, information, and intelli-
gibility in the areas of aphasia and AOS and voice quality and
volume in the area of dysarthria. The screening form and un-
trained raters were not able to discriminate between aphasia
and AOS.
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