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ABSTRACT
Objective: Speech matrix tests offer information about a person's capacity to comprehend speech in noisy environments, which 
is an essential component of everyday communication, in contrast to pure tone audiometry, which primarily assesses hearing 
sensitivity. This study aimed to assess the test–retest reliability of the Arabic Speech Matrix test.
Methods: This is a prospective cohort study that included three groups: normal hearing individuals, cochlear implant users, and 
those using hearing aids. Seventy-five participants were included in the study. The test was administered in two different settings 
with noise presented from various angles. The test was re-administered to participants after a 7–14 days interval, and Intra-class 
Correlation Coefficient (ICC) and Bland–Altman plots were used to evaluate reliability.
Results: Moderate to excellent reliability was demonstrated, with higher consistency observed among hearing-impaired groups 
using cochlear implants and other devices. Minor learning effects were noted in the normal hearing group, with better reliability 
observed in the left setting.
Conclusion: The Arabic Speech Matrix test demonstrated strong test–retest reliability overall, indicating that it can be success-
fully incorporated into regular clinical audiological evaluations.
Level of Evidence: 4

1   |   Introduction

Audiological assessments are essential for the evaluation and 
diagnosis of hearing impairment, with pure tone audiometry 
(PTA) as the principal tool for measuring hearing sensitivity. 
Nonetheless, while the PTA evaluates an individual's ability 
to detect pure tones, it doesn't comprehensively reflect the 
complexities of speech perception, especially in challenging 
environments [1]. Pure tone audiometry, although helpful for 
assessing fundamental hearing thresholds, fails to include the 
cognitive challenges necessary for evaluating speech recog-
nition in noisy environments, which is crucial for daily com-
munication [2, 3]. On the other hand, adaptive speech-in-noise 

assessments provide a more comprehensive and reliable ap-
proach for evaluating speech recognition challenges in realistic 
settings [4–8].

Individuals with hearing impairment, particularly those using 
hearing aids or implanted devices, often have challenges in com-
prehending speech, since speech intelligibility is more complex 
than simple signal detection [9]. To more accurately represent 
real-world communication, speech stimuli need to be included 
in audiological assessments [10]. Currently, several speech as-
sessments rely on a clinician's voice, potentially introducing in-
consistency in findings owing to discrepancies in tone, gender, 
and accent between the examiner and the patient [11].
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The Arabic Speech Matrix test [12], a pre-recorded speech-in-
noise assessment, overcomes those limitations by providing 
consistent criteria. It simulates daily situations using structured 
phrases created from a list of 50 words categorized into five 
groups: name, verb, number, noun, and adjective. The test is 
very flexible, producing up to 100,000 distinct phrases, render-
ing memorization by patients difficult. This facilitates repeated 
testing without compromising the results, and its short duration 
(about 4 min per list) improves clinical efficiency [13]. This test 
is crucial for evaluating patients' performance in auditory en-
vironments with background noise and for determining the ef-
ficacy of hearing aids in practical settings. The Arabic speech 
matrix may be administered to individuals aged 12 and older, 
since several linguistic skills are acquired by that age. This as-
sessment is crucial for evaluating patients' performance in audi-
tory environments with background noise and for determining 
the efficacy of hearing aids in practical settings [14, 15].

Reliability, defined as the consistency of a test in measuring a 
variable, can be assessed through several methods including 
internal consistency, parallel forms, interrater reliability, and 
test–retest reliability [16]. Despite the significant need for matrix 
sentence tests, no research has yet explored the reliability of the 
Arabic Speech Matrix. Therefore, this study aims to investigate 
its test–retest reliability for potential applications in clinical au-
diology. The Arabic matrix test will offer a valuable tool for ob-
taining reproducible, efficient, and internationally comparable 
speech recognition data for native Arabic-speaking individuals. 
It has significant potential for clinical use, research applications, 
and various hearing rehabilitation purposes.

2   |   Methodology

This prospective cohort study was approved by the Institutional 
Review Board at King Saud University's College of Medicine 
(IRB Number E-21-6437). A total of 75 participants were 

enrolled, including 31 normal hearing individuals, 31 bilateral 
cochlear implant recipients, and 13 bilateral hearing aid users. 
Inclusion criteria required participants to be over 12, have nor-
mal cognitive function, and be native Arabic speakers. Hearing 
device users had to have an aided word recognition score (WRS) 
of 65% or higher at a conversational level.

2.1   |   Test Setting

 Participants with normal hearing completed a comprehensive 
audiological evaluation, which included pure tone audiometry 
across frequencies from 250 Hz to 8000 Hz. Sound field aided as-
sessment was carried out for hearing aid and cochlear implant 
users. A single 10- item training session preceded the Arabic 
speech matrix test, which was administered in two different set-
tings. In setting one, speech was presented from the front (0°) 
with narrow band noise coming from the right (+ 90°), while 
in setting two, the noise came from the left (−90°). Participants 
were instructed to repeat each sentence after hearing it. The sen-
tences were structured with five words (verb, name, numeral, 
noun, adjective) such as “يعطي فؤاد ثلاثة ألواح جميلة” (Figure 1 ). Each 
correctly repeated word was awarded one point, with a qualified 
audiologist marking the correct responses. The Arabic speech 
matrix test was repeated after approximately 2 weeks, using dis-
tinct test lists for each participant in each evaluation.  

2.2   |   Statistical Analysis

The primary reliability measure used was the Intra-class 
Correlation Coefficient (ICC), which assesses the ratio of vari-
ance between assessments to the total variance. ICC values 
below 0.5 indicate poor reliability, values between 0.5 and 0.75 
suggest moderate reliability, values between 0.75 and 0.9 indi-
cate good reliability, and values above 0.9 represent excellent 
reliability, based on a 95% confidence interval. Additionally, 

FIGURE 1    |    Base matrix of the Arabic matrix sentence test [12]. A sample sentence is highlighted in bold, with each base sentence accompanied 
by its English translation in the rightmost column.
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Pearson correlations were calculated for comparison purposes. 
While a strong correlation may suggest a relationship, it does not 
guarantee high reliability. To visually assess inter-assessment 
agreement, Bland–Altman plots were used, showing the differ-
ence between two measurements against their mean [17]. The 
limits of agreement, defined as ± 2 standard deviations from the 
mean difference, were plotted to demonstrate the range within 
which 95% of differences would fall, assuming a normal distri-
bution. Spaghetti plots were also used to compare assessments.

3   |   Results

This study involved 75 participants, comprising 40 females 
and 35 males, aged between 18 and 70 years (mean age: 
32 ± 13.9 years). Table  1 outlines the demographic character-
istics of each study group. Table  2 presents the Arabic speech 

matrix test results for the three groups: normal hearing individ-
uals (group 1), cochlear implant recipients (group 2), and hear-
ing aid users (group 3), along with the mean differences between 
the two assessments and their 95% confidence intervals. Higher 
reliability is indicated by narrower confidence intervals, and 
acceptable reliability requires a grand mean close to zero, with 
individual differences falling within ± 2 standard deviations.

Table 3 presents the findings of the ICC. The ICC is an indicator 
of the reliability of ratings for clusters. Notably, ICC exhibited 
overall strong concordance across all groups. In the normal-
hearing group, the right-ear setting showed moderate reliability 
with an ICC of 0.72, while the left-ear setting exhibited good 
reliability at 0.83. Groups of cochlear implant recipients and 
hearing aid users exhibited excellent reliability in both settings, 
reinforcing the robustness of the assessments across different 
auditory devices.

TABLE 1    |    The demographic characteristics of each study group.

Group
Number of 

participants
Sex (F—female, 

M—male) Age range
Mean of age and 

standard deviation

Normal hearing 31 20 F, 11 M 20–57 35 ± 8

Cochlear implant 
recipients

31 15 F, 16 M 13–70 29.3 ± 17.6

Hearing aid users 13 5 F, 8 M 13–68 31.2 ± 15.4

Total 75 51 F, 45 M 13–70 32 ± 13.9

TABLE 2    |    Overview of right and left settings measurements for the three groups.

Group Statistics Right 1st Right 2nd Diff right 1–2 Left 1st Left 2nd Diff left 1–2

Normal n 31 31 31 31 31 31

Mean (SD) −10.7 (2.98) −12.3 (2.71) 1.6 (1.57) −12.1 (2.75) −12.8 (2.85) 0.6 (1.53)

95% CI −11.8, −9.6 −13.3, −11.3 1.0, 2.2 −13.1, −11.1 −13.8, −11.8 0.0, 1.1

Median −10.7 −12.4 1.6 −11.8 −12.5 0.1

Range −17 to −5 −18 to −7 −3 to 6 −17 to −7 −19 to −7 −3 to 4

Cochlear implant n 31 31 31 31 31 31

Mean (SD) 14.9 (15.39) 15.6 (19.73) −0.7 (14.50) 13.9 (16.45) 12.5 (14.41) 1.4 (4.98)

95% CI 9.0, 20.7 8.1, 23.1 −6.2, 4.8 7.6, 20.1 7.0, 18.0 −0.5, 3.3

Median 11.9 12.0 1.2 10.7 16.6 0.6

Range −10 to 43 −10 to 80 −72 to 12 −11 to 39 −11 to 32 −6 to 18

Hearing aids n 13 13 13 13 13 13

Mean (SD) 7.2 (9.66) 4.9 (10.82) 1.1 (3.19) 4.7 (13.13) 5.2 (12.68) −0.5 (5.70)

95% CI 1.0, 13.3 −1.6, 11.5 −0.9, 3.1 −3.2, 12.7 −2.5, 12.9 −3.9, 3.0

Median 4.7 2.8 0.8 3.5 3.0 0.7

Range −4 to 27 −9 to 26 −5 to 7 −10 to 38 −8 to 30 −13 to 8

Note: Right 1st: The first assessment with noise coming from right side. Right 2nd: The second assessment with noise coming from right side. Diff right 1–2: Difference 
between first and second assessment with noise coming from right side. Left 1st: The first assessment with noise coming from left side. Left 2nd: The second 
assessment with noise coming from left side. Diff left 1–2: Difference between first and second assessment with noise coming from left side. n: number. 95% CI: 95% 
confidence intervals.



4 of 7 Laryngoscope Investigative Otolaryngology, 2025

Figure  2A illustrates the Bland–Altman plot for the normal-
hearing group, right settings. It reveals two data points deviat-
ing from the ± 2 SD limits. The mean difference is notably below 
zero, with the mean line at −1.6, indicating moderate reliabil-
ity. Figure  2C displays the spaghetti plot for the same group, 
where the second assessment consistently yielded lower values 
than the first assessment except for four participants. Similarly, 

Figure 2B shows the Bland–Altman plot for the left setting in the 
same group. The mean difference was at −0.56, indicating good 
reliability between the two assessments. Figure 2D presents the 
corresponding spaghetti plot.

Figure 3A–C demonstrate the Bland–Altman plot and the spa-
ghetti plot for right setting in the cochlear implant group. All 

FIGURE 2    |    (A) Bland–Altman plot for the first group with speech from front and noise from right side (mean diff: mean difference, SD: standered 
deviation). (B) Bland–Altman plot for the first group with speech from front and noise from left side. (C) Spaghetti plot for the first group with speech 
from front and noise from right side (dB: decibel). (D) Spaghetti plot for the first group with speech from front and noise from left side.

TABLE 3    |    ICC (Intra-Class coefficients) for the three groups.

Group 1: Normal hearing participants

Measure ICC Agreement

Noise from right side 0.71614 Moderate

Noise from left side 0.83394 Good

Group 2: CI recipients

Noise from right side 0.94336 Excellent

Noise from left side 0.94597 Excellent

Group 3: Hearing aid users

Noise from right side 0.94816 Excellent

Noise from left side 0.90906 Excellent
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differences lie within the ± 2 SD limits, indicating that the re-
liability is excellent. Figure 3B–D reflect the left setting of the 
same group. There are minor differences between the two as-
sessments, a rather good correlation pointing to excellent reli-
ability. All differences lie within the ± 2 SD limits. The results of 
the hearing aid user group were represented in Figure 4 for both 
right and left settings. All points lie within the ± 2 SD limits, 
which indicates overall excellent reliability.

4   |   Discussion

The speech matrix test, recently included in hearing evalua-
tions, has been translated into various languages, including 
Arabic. This study aimed to evaluate the test–retest reliabil-
ity of the Arabic speech matrix test in both normal-hearing 
and hearing-impaired individuals [18]. The interval between 
test and re-test repetition must be long enough to avoid mem-
ory effects but short enough to prevent clinical changes [19]. 
Therefore, 75 participants were tested, with a retest interval of 
7–14 days. The test was conducted across different hearing lev-
els and devices, including cochlear implants and hearing aids.

Overall, all conducted tests demonstrated a satisfactory de-
gree of reliability across all groups, with high consistency 

between both settings. Notably, in the normal hearing group, 
the left settings showed slightly better performance than the 
right, with a 0.12 difference in ICC values. The spaghetti plot 
for the left settings also revealed better thresholds in the sec-
ond assessment, suggesting a possible learning effect, which 
was less pronounced in other groups. Previous studies, such 
as Puglisi et al. [20], similarly reported slight training effects 
when using the speech matrix test. Their findings, including 
a 1.5 dB training effect in initial measurements, closely align 
with our results for the first group. Additionally, Primadita's 
[21] study on the Indonesian matrix test found that two train-
ing lists were needed to ensure accurate results, even with 
high SNR.

The Arabic speech matrix test showed high reliability, cor-
relating well with outcomes from various international matrix 
assessments, including the Finnish and European variants 
[22]. To ensure accurate measurements, it is essential to in-
corporate the Arabic matrix test into comprehensive audiolog-
ical evaluations. Its results should be analyzed in conjunction 
with other audiological assessments. Furthermore, the imple-
mentation of two training lists and providing clear instruc-
tions to the patients before the main measurement are crucial 
steps to enhance the test's reliability and applicability in clin-
ical settings.

FIGURE 3    |    (A) Bland–Altman plot for the second group with speech from front and noise from right side (mean diff: mean difference, SD: stan-
dered deviation). (B) Bland–Altman plot for the second group with speech from front and noise from left side. (C) Spaghetti plot for the second group 
with speech from front and noise from right side (dB: decibel). (D) Spaghetti plot for the second group with speech from front and noise from left side.
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5   |   Conclusion

The Arabic speech matrix test showed strong test–retest reliability 
across all settings. To alleviate the learning effect, administering 
two training lists is essential. These findings validate the inclusion 
of the Arabic speech matrix test as a valuable tool in audiological 
evaluations, reinforcing its reliability and suitability for clinical 
use as part of the standard audiological test battery.
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