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Abstract 
Background and Aim: Dichotic listening 
evaluation is one of the most common 
behavioral procedures for assessing the cerebral 
dominance of language and is considered as the 
main component of the auditory processing test 
battery in children and adults. The randomized 
dichotic digits test (RDDT) has two lists of 
randomly distributed one-, two-, and three-digit 
items. This research was performed for studying 
the inter-list equivalency and test-retest 
reliability of Persian RDDT. 
Methods: Persian RDDT was administered at 
50 dBHL on 62 right-handed individuals (equal 
sex ratio) with normal hearing sensitivity in the 
age range of 12-45 years. The interval between 
the test sessions was 30 days and each session 
had two test rounds with an interval of 20 
minutes. In each session, list 1 of the Persian 
RDDT was performed for the first round and list 
2 performed for the second round. 
Results: Results demonstrated that mean right 
and left ear score and ear advantage of Persian 
RDDT list 1 and list 2 had no statistically 
significant difference (right ear p=0.25, left ear 

p=0.56, ear advantage: p=0.6). Intra-class 
correlation coefficient of scores in the first and 
the third test rounds (list 1) for the right and left 
ears were 0.71 and 0.68, and for the second and 
the fourth test rounds (list 2) were 0.69 and 
0.80, respectively. 
Conclusion: Based on the results of this study, 
it would seem that the two lists of Persian 
RDDT are equivalent and the mean scores have 
good to excellent test-retest reliability. 
Keywords: Randomized dichotic digits test; 
Persian; list equivalency; reliability 
 
Introduction 
Dichotic listening tests are among the most 
common central behavioral tests that are used to 
assess the functioning of the cerebral 
hemispheres, the inter-hemispheric transmission 
of information, the central auditory nervous 
system maturation, and central auditory 
processing disorders (CAPD) in adults and 
children. Various stimuli are used in dichotic 
tests, including non-sense consonant-vowel 
syllables, digits, words and sentences. Dichotic 
listening was first introduced in 1954 by 
Broadbent and then used in 1961 by Kimura as 
a tool for identifying the cerebral hemisphere 
responsible for language functions. The dichotic 
digits test (DDT) can be used for children, 
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adults and the elderly with normal hearing or 
with mild to moderate hearing loss and for 
patients with intracranial lesions or with 
cochlear hearing loss [1-4]. Performing the 
DDT is quick and simple for the examiner and 
easily comprehensible for the patient. DDT 
results are relatively resistant to peripheral 
hearing loss up to moderate level and have high 
test-retest reliability in adults and the elderly 
[2]. Compared to other stimuli used in dichotic 
tests, digits have a lower linguistic loading, and 
since the test is close-set, it is considered 
suitable for a broad age range of patients. When 
the speech stimulus is presented dichotically for 
people with normal hearing, the right ear has a 
slight advantage over the left ear [3]. This 
phenomenon is known as the right ear 
advantage (REA) and suggests the dominance 
of the left hemisphere for language and speech 
comprehension [4]. 
The English randomized dichotic digits test 
(RDDT) is currently available in two equivalent 
lists of randomly distributed dichotic digits of 
one, two and three pairs. Performing this test on 
English speaking children and adults has shown 
that RDDT can help identify children and adults 
with inter-aural asymmetry, then refer them for 
rehabilitation and treatment [5]. Considering 
that there are many different dialects and 
languages in Iran, it is essential to have tests 
with minimal linguistic loading. The Persian 
RDDT has recently been developed by Mahdavi 
et al. in two lists 1 and 2 [6]. In the current 
Persian version of this test, there are 500 ms 
intervals between the digits and 4 to 8 second 
intervals between the items, so that 8 seconds 
are given to the test subjects to repeat the digits 
after the three-pair items, 6 seconds after the 
two-pair items and 4 seconds after the one-pair 
items. As in its English counterpart, each list in 
the Persian RDDT contains 54 items that are 
equally divided into the one, two and three-pair 
items (18 items for each). Items are randomly 
distributed in each list. Each ear gets 108 scores 
in case of receiving the full raw score in each 
list. Apart from the amount of time taken for 
learning, practicing and possible interruption, 
the test takes 7 minutes and 12 seconds for list 1 

and 7 minutes and 4 seconds for list 2 to be 
completed [6,7]. The present study was 
conducted to assess the equivalency of lists 1 
and 2 of the Persian RDDT and its test-retest 
reliability. 
 
Methods 
The present cross-sectional study was conducted 
on eligible people using the simple sampling 
method. Study inclusion criteria consisted of 
having normal peripheral hearing and normal 
word recognition score (i.e. above 90%) using 
the AC33 audiometer (Interacoustics, 
Denmark), a threshold asymmetry less than 15 
dB, normal tympanometry and ipsilateral and 
contralateral reflexes (using the Interacoustics 
AT235 tympanometer, Denmark) and right-
handedness (assessed through Chapman and 
Chapman Handedness Scale) [18], as well as 
having no history of ear or nerve diseases, head 
injury, neurosurgery and neurological drugs use. 
Exclusion criteria consisted of an unwillingness 
to take part in later stages of the test and the 
violation of any one of the inclusion criteria. 
The study was conducted on 62 participants 
(1:1gender ratio) in the age range of 12-45 at 
three levels of education; primary, secondary 
and tertiary were selected according to the 
inclusion criteria. The mean age was 29.8 years 
(SD=7.4) in men and 26.2 (SD=10.5) in women, 
and the overall mean age was 28.02 (SD=9.4). 
The Philips HSN 6500-headphone output 
(Japan) connected to an HP computer (Probook 
4540, China) was first calibrated using a 1000 
Hz calibration tone for a 50 dBHL intensity (70 
dBSPL). The headphone's technical 
specifications showed a frequency response of 
100 to 10000 Hz. Prior to the test, participants 
were instructed to repeat the digits they heard 
(free recall) irrespective of the order in which 
they were presented. List 1 of the Persian 
RDDT was then presented to the test subjects 
following a 7-item practice run (round 1 of the 
1st session). After 20 minutes of rest (round 2 of 
the 1st session), list 2 of the Persian RDDT was 
presented to the subjects and results were then 
recorded on each list separate score sheet. A 
month later, this test was repeated in the same 
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order as in the 1st session (rounds 3 and 4 of the 
2nd session). List 1 was thus presented in the 
first and third rounds and list 2 in the second 
and fourth rounds. The right and left ear raw 
scores for each stage of the test were converted 
to percent correct. Ear advantage (EA) was 
calculated as the different between the left ear 
score and the right ear score. Ear advantage was 
categorized in three groups; right ear advantage 
(positive ear advantage), left ear advantage 
(negative ear advantage) and no ear advantage 
(zero ear advantage). 
The mean scores in the 1st and 3rd rounds were 
taken as the overall score for list 1, and the 
mean scores in the 2nd and 4th rounds as the 
overall score for list 2. The Kolmogorov-
Smirnov test was used for comparing the data 
distribution against the normal distribution. 
Data were analyzed in SPSS-21 at the 
significance level of 0.05. Mann-Whitney U test 
was used to compare the REA between the two 
age groups and to assess the effect of gender on 
ear advantage results. The effect of the 
education level was determined using the 
Kruskal-Wallis test. Friedman test was used to 
compare the REA between the three digit pairs, 
the right and left ear scores and the REA in the 
quadruple rounds. Comparison of the mean 
REA in the one, two and three-pair items 
between the two lists was performed using the 
Wilcoxon test. McNemar test was used to 
compare the consistency of ear advantage 
between the two lists. To assess the test-retest 
reliability of the mean score difference, the 
Pearson or Spearman correlation coefficient was 

used, depending on whether the data distribution 
was normal or not, and the Intraclass correlation 
coefficient (ICC) was used to calculate the 
reliability coefficient. To determine the 
equivalency of lists 1 and 2 of the Persian 
RDDT, the mean right and left ear scores and 
ear advantage were compared between the two 
lists. In addition, the reliability and correlation 
coefficients of the Persian RDDT were 
calculated for both lists. All variables are 
presented in tables with a standard deviation and 
in figures with a standard error of the mean. 
 
Results 
Table 1 presents the subjects' mean right and 
left ear scores in the 1st and 2nd sessions by each 
RDDT list number. As presented in Table 1, the 
right and left ear scores are very similar in terms 
of their mean and distribution in the two 
sessions with a one-month interval in between. 
This similarity is further demonstrated in the 
section on the reliability and equivalency of the 
Persian RDDT lists, which uses statistical tests 
to analyze right and left ear scores and the 
degree of REA in terms of repeatability. First, 
the effects of age, gender and education level on 
ear advantage results were examined. The 
subjects' education levels varied from primary 
education to post-secondary education; 15 
subjects (24.2%) had less than 9th grade, 20 
subjects (32.3%) were 9th to 12th grade and 27 
subjects (43.5%) had university education. 33 of 
the subjects were in the 12-29 age group and 29 
were in the 30-45 age group. 
Statistical analyses revealed equal REA in each 

Table 1. Mean (standard deviation) the right and left ear scores and the right ear advantage for lists 1 
and 2 in the 1st and 2nd sessions with a 30-day interval (n=62) 

 

 
List 1   List 2   

1st 
Round 

3rd 
Round 

Reliability 
Coefficient 

Correlation 
Coefficient (p) 

2nd 

Round 
4th 

Round 
Reliability 
Coefficient 

Correlation 
Coefficient (p) 

Right ear 98.8 (1.2) 99.1 (1) 0.71 0.62 (0.000) 99.1 (1.1) 99.2 (0.9) 0.69 0.42 (0.000) 

Left ear 97.5 (1.4) 98.1 (1.5) 0.68 0.50 (0.000) 98 (1.8) 98 (1.5) 0.80 0.65 (0.000) 

Right ear 
advantage 

1.3 (1.5) 1 (1.3) 0.47 0.41 (0.03) 1 (1.6) 1.1 (1.3) 0.51 0.40 (0.000) 
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test round and in both 12-29 and 30-45 age 
groups and showed that, in this age range, aging 
had no effect on the degree of REA (p=0.59 for 
round 1, p=0.68 for round 2, p=0.99 for round 3, 
and p=0.79 for round 4). Gender was also found 
to have no effect on ear advantage results 
(p=0.97 for round 1, p=0.46 for round 2, p=0.79 
for round 3 and p=0.37 for round 4). Similarly, 
education level was also found to have no effect 
on REA results in any of the 4 rounds (p=0.14 
for round 1, p=0.06 for round 2, p=0.10 for 
round 3, p=0.09 for round 4). 
To determine the equivalency of lists 1 and 2 of 
the Persian RDDT, the mean and correlation 
between the right and left ear scores and the 
REA were compared in the two lists. Lists 1 and 
2 of the RDDT were statistically analyzed in 
terms of the difference in the mean scores of the 
one, two, and three-pair items. The mean overall 
scores of the right and left ears and the REA 
were found to be 99.1, 98.2 and 0.89 percent for 
list 1, and 99.3, 98.3 and 0.97 percent for list 2. 
The comparison of these parameters showed no 
significant difference between list 1 and list 2 
(p=0.25 for the right ear, p=0.6 for the left ear 
and p=0.56 for the REA). For the right ear 
scores, the correlation coefficient was 0.52 in 

lists 1 and 2 (p=0.000), and for the left ear 
scores and for the REA degree, the correlation 
coefficient was 0.76 (p=0.000) and 0.48 
(p=0.000) in lists 1 and 2, respectively (Table 
2). Comparing the REA in the one, two, and 
three-pair items showed the degree of REA to 
increase with the increase in the number of pairs 
both in list 1 (p=0.000) and in list 2 (p=0.000) 
(Fig. 1). 
Fig. 2 presents a comparison of the subjects' 
mean right and left ear scores by the one, two, 
and three-pair items for lists 1 and 2. A 
significant difference was observed between 
lists 1 and 2 in the mean right ear scores for the 
3-pair items (p=0.013). 
Comparison of the mean REA of the one, two, 
and three-pair items between the two lists 
revealed no significant differences between lists 
1 and 2 in terms of the mean ear advantage for 
the one-pair items (p=0.06), the two-pair items 
(p=0.25) and the three-pair items (p=0.67) (Fig. 
1). 
Table 2 contains the ear advantage frequency 
for lists 1 and 2 in the 1st and 2nd sessions. The 
ear advantage results remained consistent in 35 
subjects (56.5%) by the repeat performance of 
list 1 and for 41 (66.1%) subjects by the repeat 

Fig. 1. Mean ear advantage in percent (±SEM) by lists and number of digit pairs (n=62). 
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performance of list 2 of the Persian RDDT. 
Statistical analyses showed that whether ear 
advantage remains consistent in the subjects or 
not is not affected by the test list number 
(p=0.33). In other words, lists 1 and 2 of the 
Persian RDDT are similar in terms of 
maintaining or not maintaining ear advantage at 
the retest. 
The right ear mean scores were not significantly 
different from the left ear mean scores in the 4 
rounds (p=0.13 for the right ear and p=0.06 for 
the left ear). In the first through the fourth 
rounds, the degree of REA was 1.3% (SD=1.5), 
1% (SD=1.3), 1% (SD=1.6) and 1.1% (SD=1.3), 
which showed no significant statistical 
difference (p=0.44). The correlation coefficient 
between the sessions for the right and left ear 
scores and the degree of REA was 0.62 
(p=0.000), 0.50 (p=0.000) and 0.41 (p=0.03) for 
list 1 and 0.42 (p=0.000), 0.65 (p=0.000) and 
0.4 (p=0.000) for list 2 (Table 1). As shown in 
Table 1, a significant reliability coefficient  

was found for the Persian RDDT for list 1 (the 
1st and 3rd rounds) and list 2 (the 2nd and 4th 
rounds) in the right and left ears, ranging from 
0.68 to 0.80, indicating an acceptable or better 
than acceptable reliability coefficient (p=0.000). 
The mean and standard deviation of the overall 
score for list 1 (mean 1st and 3rd round scores) 
and for list 2 (mean 2nd and 4th rounds) and the 
degree of REA for each list are presented in 
Table 3. The reliability coefficient for lists 1 and 
2 was 0.75 in the right ear, 0.85 in the left ear 
and 0.65 for the REA, which suggests a very 
high repeatability of mean results between the 
two lists. Nevertheless, the REA reliability 
coefficient was 0.47 and 0.61 for lists 1 and 2, 
which are lower than the figures obtained for 
the reliability coefficients of the right and left 
ear results in lists 1 and 2 (Table 1).  
The correlation coefficient between the two  
lists was 0.52 and 0.76 for the mean overall 
right and left ear scores and 0.48 for the REA 
(Table 3). 

Fig. 2. Mean percent correct (+SEM) of the Persian randomized dichotic digit test by lists and number 
of digit pairs (n=62). 
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Discussion  
An important aspect of the reliability of multi-
list tests is their inter-list equivalency [9]. The 
present study was conducted to assess the test-
retest reliability of the Persian RDDT and the 
equivalency of lists 1 and 2 in people with 
normal hearing. Different authors have obtained 
different results on the effect of gender on 
dichotic listening. According to Hugdahl, the 
results of dichotic listening tests with the 
consonant-vowel sound stimulus are not 
affected by gender [10]. Yet, a meta-analysis 
conducted by Voyer on studies dating from 
1994 to 2011 suggests that men's dichotic 
listening is slightly more biased toward their 
dominant ear than is women's. The same result 
was reported by Moncrieff in the assessment of 
5-12 year-old children with RDDT and dichotic 
words test [2,11]. In the present study, gender 
had no effect on the Persian RDDT results; 
otherwise, the reliability of the test and the 
equivalency of the lists would also have to be 
assessed by gender. No studies have addressed 
the direct effect of education level on dichotic 
listening to date. In a study conducted by 
Meyers et al. on dichotic words in 16-79 year-
old people, a weak (r=0.11) but significant 
correlation was found between the left ear score 
and education level that still has no clinical 
value according to the researchers [13]. In the 
present study, despite the diverse range of 
education levels covered, from primary school 
to university, this variable was found to have no 
significant effect on the REA. Given that the 
subjects of the present study were at an age 
range that is safe from the effects of nervous 
system maturation and old age on dichotic 

listening [1], the lack of an effect exerted by age 
on the results of the Persian RDDT appears 
justified. 
The results obtained in the present study from 
the right and left ear scores and the ear 
advantage are largely consistent with the results 
obtained by Strouse and Wilson and Moncrief 
and Wilson [5,7,14]. As shown by the statistical 
analysis, there were no significant differences 
between the right and left ear scores in lists 1 
and 2 in the two sessions with a one-month 
interval in between, and the reliability 
coefficient of the scores was above 0.6 for both 
ears. Studies conducted on the reliability of 
dichotic listening results in other languages 
have used the mean difference between the two 
sessions and the correlation coefficient as 
indicators of reliability; however, in the present 
study, in addition to comparing the mean right 
and left ear scores between the two sessions and 
the correlation coefficients, the ICC was also 
used. Some researchers have also only used the 
mean difference between the two sessions of the 
test to assess reliability. Nowadays, researchers 
are not willing to use the Pearson correlation 
coefficient to determine a test's reliability, 
which is mainly, but not solely, due to the 
inability of this indicator to detect systematic 
errors [15]. Strouse and Hall used the two-pair 
English DDT to find the test-retest reliability of 
the test in patients with Alzheimer's disease and 
used the Pearson correlation coefficient to 
assess the reliability of results in the two 
sessions with a one-month interval in between 
and found the retest correlation coefficient for 
the right and left ears to be 0.82 and 0.97 in 
patients with Alzheimer's disease and 0.79 and 

Table 2. Frequency (Percent) of ear advantage for list 1 and 2 in the 1st and 2nd sessions with a 30-day 
interval (n=62) 

 

 1st session  2nd session 

 
Right ear 
advantage 

Left ear 
advantage 

No ear 
advantage 

 
Right ear 
advantage 

Left ear 
advantage 

No ear 
advantage 

list 
1 

42 (67.7) 9 (14.5) 11 (17.7)  39 (62.9) 6 (9.7) 17 (27.4) 

list 
2 

36 (58.1) 7 (11.3) 19 (30.6)  44 (71) 4 (6.5) 14 (22.6) 

 



J. Aghazadeh et al.                                                                                                                                                  77 

http://avr.tums.ac.ir                                                                                             Aud Vest Res (2015);24(2):71-79. 

 
0.85 in the control group. Bakker et al. reported 
the correlation coefficient between the two 
sessions to be between 0.69 and 0.76 for the 
two, three and four-pair DDTs in children [16]. 
Results found in these studies are better than the 
correlation coefficient found in the present 
study between the two sessions for the mean 
right and left ear scores for each list (Table 1). 
Despite the right-handedness of all the study 
subjects, a left ear advantage was produced by 
6.5%-14.5% of the cases depending on the test 
list and session, which is not unexpected 
according to Strouse and Wilson, as some right-
handed individuals show a left ear advantage 
[14]. The test-retest reliability of the test is 
associated with its consistency. The consistency 
of results means that the test subjects should 
maintain the ear advantage they had in their first 
session until the second session, except when 
this advantage is small. In the present study, 
56.5% of the subjects of list 1 and 66.1% of the 
subjects of list 2 maintained their ear advantage 
until session 2. These results are poorer 
compared to the results obtained by Strouse and 
Wilson, who reported that 80% of the right-
handed subjects below the age of 30 maintained 
their ear advantage throughout all the stages of 
performing the DDT. In their study, variation in 
ear advantage was observed at retest in both 
right-handed and left-handed subjects [14]. The 
variation in ear advantage in dichotic listening 
has been reported by various researchers. 
Blumstein et al. found the variation in ear 
advantage to exist in 29% of the test subjects at 
retest with the consonants-vowels items, despite 
the high correlation of 0.74 between the results 
of the two test sessions [17], which perhaps 

explains the lower reliability coefficient of the 
REA compared to the reliability of the right and 
left ear scores. Another reason might be that the 
right ear advantage is considered a 
computational parameter (obtained by 
subtracting the left ear score from the right ear 
score) that is affected by the variance in the two 
ear scores and will therefore have a greater 
variability. However, there are also studies such 
as the ones conducted by Ryan and McNeil that 
show significant consistency in ear advantage 
and its degree in repeated dichotic listening tests 
with the consonant-vowel stimulus [14,18]. 
Dichotic listening scores obtained are 
nevertheless affected by the subjects' memory, 
concentration, and motivation, which might not 
be consistent throughout the two sessions 
[1].The mean right ear scores in the three-pair 
items was 1.9% higher for list 2 than for list 1. 
This significant difference may stem from the 
manner of carrying out the test rounds for lists 1 
and 2, since in this study, list 1 was always 
performed in the 1st and 3rd rounds, and practice 
with list 1 may have affected and improved 
results in list 2. The effect of practice and 
learning might have been minimized if the test 
rounds had been systematically reversed for the 
lists (so that, 1st subject: list 1 in the 1st and 3rd 
rounds and list 2 in the 2nd and 4th rounds, and 
subject 2: list 2 in the 1st and 3rd rounds and list 
1 in the 2nd and 4th rounds). However, the mean 
scores obtained for the two lists were not 
significantly different. 
A reliability coefficient of 0.7 and above is 
often considered an acceptable indicator of the 
repeatability of results in a test [19]. The 
reliability coefficient of the right and left ear 

Table 3. Overall mean (standard deviation) the right and left ear scores and right ear advantage for 
list 1 and 2 of Persian randomized dichotic digit test (n=62) 

 

 List 1 List 2 Reliability Coefficient Correlation Coefficient (p) 

Right ear 99.1 (0.8) 99.3 (0.7) 0.75 0.52 (0.000) 

Left ear 98.2 (1.1) 98.3 (1.3) 0.85 0.76 (0.000) 

Right ear advantage 0.89 (0.9) 0.97 (1.1) 0.65 0.48 (0.000) 
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scores was 0.68-0.80 in this study, which is 
rated as good to excellent according to the ICC 
classification by Cicchetti [20]. According to 
the results obtained, the Persian RDDT appears 
to have an inter-list equivalency for lists 1 and 2 
just as in the English version, which is not 
unexpected, since the number of the one, two, 
and three-pair items were the same in the two 
lists, and the only difference between them was 
in the random arrangement of the items. 
Considering the equivalency of lists 1 and 2 of 
the RDDT, this test can potentially be used for 
before and after CAPD management. 
Given the maturation asymmetry in the right 
and left ear scores in 6-11 year-old children, it is 
recommended for the reliability of the Persian 
RDDT to be investigated in right-handed and 
left-handed school children in order to further 
facilitate the clinical application of this test.  
 
Conclusion 
In both lists 1 and 2 of the Persian RDDT, the 
mean REA increases with the increase in the 
difficulty of the dichotic task from the one to the 
three-pair items. There were no significant 
differences in the mean right and left ear scores 
between the two lists, and existence or not 
existence of the ear advantage was similar in the 
two lists, as consistent with the English version. 
Furthermore, given the high reliability 
coefficient of the overall right and left ear 
scores in lists 1 and 2 and also in the two 
sessions with the 30-day interval, there seems to 
be an inter-list equivalency between lists 1 and 
2 of the Persian RDDT and the test score 
appears to have an acceptable test-retest 
reliability. 
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