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Objective: The aim was to measure the rate of 
vocabulary acquisition for cochlear implant users 
and compare the pre- and postoperative rates with 
published data for other groups with normal or 
impaired hearing. The hypothesis was that the 
postoperative rate would be greater than the 
preoperative rate. 

Design: The Peabody Picture Vocabulary Test 
(PPVT) was administered to 32 children, adoles- 
cents, and prelinguistically deafened adults im- 
planted with the 22-electrode cochlear implant. Age 
at implantation ranged from 2 y r  6 mo to 20 yr and 
implant use ranged from 6 mo to 7 y r  8 mo. 

Results: The group mean postoperative perfor- 
mance at various postoperative intervals was sig- 
nificantly higher than mean preoperative perfor- 
mance. Single-subject data indicated statistically 
significant gains over time on this test for 13 of the 
subjects. The mean postoperative rate of vocabu- 
lary acquisition of 1.06 times the rate for normally 
hearing children was significantly greater than the 
mean preoperative rate of 0.43. 

Conclusions: These rates of improvement were in 
accord with previous reports on smaller numbers of 
implant users, but could not be attributed unambig- 
uously to use of the implant because no control 
group was used for this clinical work. Variables 
such as age at implantation, duration of profound 
deafness, communication mode, and speech percep- 
tion skill failed to significantly predict rate of im- 
provement on the PPVT. 
(Ear & Hearing 1995;16;287-294) 

Profound hearing loss in children has serious 
implications for the development of orallaural com- 
munication skills. It has been shown that substan- 
tial delays in receptive and expressive language can 
occur as a result of prelinguistic or early onset 
deafness (de Quiros, 1980; Nober & Nober, 1977; 
Quigley & Paul, 1984). 

There are numerous papers indicating that co- 
chlear implants can improve speech perception in 
children (e.g., Busby et al., 1989; Dawson et al., 
1992; Geers & Moog, 1988; Luxford et al., 1988; 
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Osberger et al., 1991; Robbins, Osberger, Miyamoto, 
Renshaw, & Carney, 1988; Staller, Dowell, Beiter, & 
Brimacornbe, 1991; Tyler, 1990). An important ques- 
tion is whether children with cochlear implants can 
integrate the auditory information provided by the 
device into both receptive and expressive spoken 
language. This may be especially important in the 
first 6 yr of life when the speech and language skills 
of normally hearing children develop rapidly. Early 
intervention with an appropriate hearing prosthesis 
and intensive training may be critical for the young 
profoundly hearing-impaired child to learn language 
effectively. 

There are a small number of studies reporting 
improvements over time in language skills for im- 
planted children (Busby et al., 1989; Dowell et al., 
1991; Geers & Moog, 1991; Hasenstab & Tobey, 
1991; Kirk & Hill-Brown, 1985). Each of these 
assessed receptive vocabulary using the Peabody 
Picture Vocabulary Test-Revised (PPVT; Dunn & 
Dunn, 1981). Comparative details for these studies 
are provided in Table 1. 

The PPVT enables the hearing-impaired child’s 
score to be interpreted with reference to the nor- 
mally hearing child’s performance, that is, the age of 
normally hearing children receiving the same mean 
score as the deaf child is referred to as an equivalent 
age (EA). It is important to determine whether there 
is a significant gain in equivalent age for the hear- 
ing-impaired child over time. A significant improve- 
ment may occur and be associated with either a 
small or large overall change in EA over a particular 
time period. It is therefore also important to con- 
sider the rate of improvement; the change over time 
in equivalent age divided by the change in chrono- 
logical age. A rate of 1.00 represents the “normal” 
rate of learning (i.e., an equal change of equivalent 
age and chronological age in a given time period). 

Table 1 provides the mean rate of improvement 
from pre- to post implantation for patients in five 
studies on implanted children. The rates were as- 
sessed over periods of implant use ranging from 6 to 
30 mo, depending on the study and the particular 
child. The rate provided for the Kirk and Hill-Brown 
(1985) study is based on an assessment at an un- 
specified time before implantation. In calculating 
the rate of improvement, we have assumed the 
assessment was 1 mo prior to implantation. If the 
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TABLE 1. Previously Dublished PPVT results for hearing imDaired children. 

Reference Device 

Kirk and Hill-Brown (1985) 

Busby et al. (1989) 
Dowell et al. (1991) 
Geers and Moog (1991) 
Hasenstab and Tobey (1991) 
Boothroyd, Geers, and Moog (1991) 

Geers and Moog (1 988) 

3M implant 

Nucleus implant 
Nucleus implant 
Nucleus implant 
Nucleus implant 
Hearing aids 

Hearing aids 

No. of children 

78 

2 
4 
3 
4 

123 (PTA>105 dB) 
188 (90<PTA<104 dB) 
44 

100 

Duration of Duration of 
Age range deafness implant use 

3-18yr 3-18yr 6mo 

5-10yr 2-7yr 18-27mo 
5-13yr 2-8yr 6 3 0 m o  
5-10yr 5-10yr 12mo 
2-7yr 1 -5yr 12 mo 
4-18 yr Not known Not applicable 
4-18 yr Not known Not applicable 
8-14 yr 8 -14 yr Not applicable 

16-1 8 yr 16 -1 8 yr Not applicable 

12 mo 

PPVT rate of 
improvemeny 

1 .o (N=l l)b 
1.8 (N=6)b 
1.3 
1 .o 
0.6 
2.6 
0.43 
0.60 
0.51 
0.56 

a Rates of improvement for the implant studies were calculated from the published data by dividing the changes in equivalent age by the comsponding changes in chronological age. The 
rates for hearing aid users are quoted dimtly from the references. 

This is a subgroup from the group of 78 children with age and duration of deafness ranging from 3 to 18 yr. 

assessment was actually more than 1 mo preopera- 
tive, the true rate of improvement would be lower 
than the estimate given in Table 1. The Geers and 
Moog (1991) study is unique in that it used control 
groups of matched patients to allow a comparison of 
the implant’s contribution to language gains relative 
to the contributions of a conventional hearing aid 
and a two-channel vibrotactile aid (the Tactaid 11). 
The hearing aid and tactile users who were matched 
on various parameters showed similar gains on the 
PPVT and other language tests. 

Table 1 also provides details of two studies which 
report group learning rates on the PPVT for pro- 
foundly hearing-impaired children using hearing 
aids. In the study by Geers and Moog (1988) the 
younger group of 44 children enrolled in an oral 
program at the Central Institute for the Deaf (CID) 
was grouped according to one of four speech percep- 
tion categories: 1) no speech perception, 2) pattern 
perception, 3) some word recognition, and 4) consis- 
tent word recognition. There was a gradual increase 
in the average PPVT learning rate from 0.37 for 
children in category 1 to 0.68 for those in category 4. 
The group of 100 adolescents from oral and main- 
stream programs in America, was grouped according 
to categories 2 to 4. There was little difference in 
rates of learning for these subgroups of adolescents. 
Boothroyd, Geers, and Moog (1991) reported faster 
learning rates for a group of children with unaided 
pure-tone average (PTA) thresholds between 90 and 
104 dB HL, compared with another group with PTA 
thresholds of 105 dB HL or more. 

In summary, the previous studies in Table 1 
suggest that vocabulary acquisition for profoundly 
hearing-impaired children using cochlear implants 
may be faster than for comparable groups of chil- 
dren using hearing aids. This suggestion requires 
further substantiation because it is based on small 
numbers of implanted children, often selected from 

larger groups, and observed over time periods no 
longer than 1 yr in most cases. 

This paper reports the PPVT results for all chil- 
dren (32 patients up to February 1994) who had 
received postoperative assessments over periods 
from 6 mo to 7 yr at the Royal Victorian Eye and Ear 
Hospital Cochlear Implant Clinic. This is the first 
quantitative language data reported for a large 
group of multichannel cochlear implant users. The 
evaluations were conducted in the course of the 
clinical management of these patients, and were 
designed to measure the individuals’ performance 
over time from pre- to postoperative test periods as 
well as average group performance. The ancillary 
question of what contribution the implant made to 
any change observed (compared with a control group 
using hearing aids or alternative assistive devices) 
was not considered directly, but comparisons with 
data reported for normally hearing and hearing- 
impaired children can be made. The following spe- 
cific questions were investigated: 

a) Did the group mean performance show im- 
provement from pre- to postoperative test periods? 

b) Was the mean postoperative rate of vocabulary 
acquisition greater than the mean preoperative rate? 

c) Did scores improve significantly over time from 
pre- to postoperative test intervals for individuals? 

d) How do individuals’ rates of improvement com- 
pare to the “normal” rate? 

d) Could individual differences in learning rates 
on the PPVT be accounted for by factors such as 
duration of profound deafness prior to implantation? 

METHOD 

Patients 
Table 2 summarizes patient details for 32 sub- 

jects. The group includes two prelinguistically deaf- 
ened adults implanted at approximately 20 yr of age. 
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TABLE 2. Patient details. Ages and durations are shown in years and months. 

Duration Pure tone 
of profound Age at average loss 

Patient Etiology Onset of loss deafness Educational program implantation Sex in better ear 

23 
35 
44 
61 
62 
63 
69 

70 
71 
76 
85 
87 
90 
91 
92 
93 
94 

104 
106 
107 
109 
113 
114 
124 
131 
132 
136 
140 
143 
145 
149 
173 

Meningitis 
Meningitis 
Meningitis 
Usher’s syndrome 
Usher’s syndrome 
Mondini malformation 
Cytomegalo virus 

Meningitis 
Unknown 
Meningitis 
Rubella 
Cytomegalo virus 
Rubella 
Usher’s syndrome 
Meningitis 
Meningitis 
Usher’s syndrome 
Unknown 
Unknown 
Meningitis 
Unknown 
Unknown 
Mondini malformation 
Meningitis 
Unknown 
Unknown 
Cytomegalo virus 
Unknown 
Rubella 
Genetic 
Birth trauma 
Unknown 

1 y r4mo 
3 y r 3 m o  
3 Yr 
Congenital 
Congenital 
Congenital 
Progressive 

2 y r 2 m o  
Congenital 
2 y r 4 m o  
Congenital 
Congenital 
Congenital 
Congenital 
2 y r 2 m o  
3 Yr 
Congenital 
Congenital 
4 Yr 
2 y r 2 m o  
Congenital 
Congenital 
Congenital 
3y r  11 mo 
congenital 
Progressive 
Progressive 
Congenital 
Congenital 
Progressive 
Progressive 
Congenital 

12 yr 7 mo 
6 y r 9 m o  
2 y r 5 m o  
14yr 11 mo 
19 yr 9 mo 
14 yr 
6 yr 10 mo (L ear) 
9 yr 2 mo (R ear) 
1 y r4mo 
8 Yr 
5 yr 10 mo 
5 y r 3 m o  
4 y r 7 m o  
6 y r 7 m o  
20 yr 1 mo 
1 y r6mo 
14 yr 7 mo 
16 yr 5 mo 
17 yr 7 mo 
7 y r 1  mo 
1 y r9mo 
2 y r 6 m o  
13 yr 9 mo 
8 y r 7 m o  
1 y r3mo 
3 y r 6 m o  
3 y r 6 m o  
10 mo 
7 y r 9 m o  
12 yr 
3 y r 9 m o  
1 y r7mo 
11 yr 11 mo 

Cueing Supplement 
Auditory/oral 
Cueing supplement 
Cueing supplement 
Cueing supplement 
Total communication 
Auditory/oral 

Cueing supplement 
Cueing supplement 
Auditory/oral 
Auditory/oral 
Auditory/oral 
Cueing supplement 
Total communication 
Auditory/oral 
Auditory/oral 
Total communication 
Auditory/oral 
Total communication 
Auditory/oral 
Auditory/oral 
Auditory/oral 
Auditory/oral 
Auditory/oral 
Auditory/oral 
Total communication 
Auditory/oral 
Auditory/oral 
Auditory/oral 
Auditory/oral 
Auditory/oral 
Total communication 

13 yr l l - t %  

10 yr 2 mo 
5 y r 5 m o  
14yr 11 mo 
19 yr 9 mo 
14 yr 8 mo 
14 yr 8 mo 

3 y r 6 m o  
8 Yr 
8 y r 2 m o  
5 y r 3 m o  
4 y r 7 m o  
6 y r 7 m o  
20 yr 1 mo 
3 y r 8 m o  
17y r7mo 
16 yr 5 mo 
17 yr 7 mo 
11 yr 1 mo 
3y r11  mo 
2 y r 6 m o  
13 yr 9 mo 
8 y r 7 m o  
5 y r 2 m o  
3 y r 6 m o  
7 y r 5 m o  
4y r11  mo 
7 y r 9 m o  
12 yr 
17 yr 5 mo 
15 yr 6 mo 
11 yr 11 mo 

M 110 
M 115 
M 125 
F 115 
F 115 
F 125 
M 118 

M 120 
F 110 
F 112 
F 104 
F 116 
M 118 
M 120 
F 110 
M 115 
F 122 
M 113 
M 103 
M 122 
F 113 
F 108 
F 120 
M 125 
M 117 
F 110 
F 125 
M 115 
F 113 
M 97 
F 117 
M 103 

The word “child” in this paper refers to a patient 
under 18 yr at implantation. The word “patient” 
refers to implant users who may be either adults or 
children. The numbering of the patients is according 
to the chronological order in which they were im- 
planted. Language results for children 35, 44, 71, 
and 76 have been reported previously (Busby et al., 
1989; Dowel1 et al., 1991). Some of the earlier data 
are repeated in this paper for comparison with other 
patients and more recent data for these children are 
also included. 

The mean pure tone average hearing loss was 115 
dB HL in the better ear preoperatively. The preop- 
erative evaluation was conducted using high-gain 
postauricular hearing aids that the patients had 
been using regularly prior to implantation. Patients’ 
preoperative aided hearing thresholds were out of 
the 70 dB SPL speech range (Byrne, 1977) for 
frequencies above 1.5 kHz, except for children 85, 
143, 145, and 173 who had thresholds in the speech 
range at 2 kHz. Seven children (44, 87, 92, 93, 113, 
114, and 143) used a tactile device in addition to a 

hearing aid prior to implantation. Children 113 
and 143 used a multichannel electrotactile speech 
processor (“Tickle-Talker,” Cowan et al., 1990) 
and Child 44 used the single-channel vibrotactile 
Tactaid I (Audiological Engineering, Somerville 
MA). The other children used the two-channel vibro- 
tactile Tactaid 11. Seven children (76, 85, 109, 113, 
131,140, and 173) continued to use a hearing aid on 
the unimplanted ear following surgery. Patient 91 
wore an aid on the unimplanted ear for 1 yr postim- 
plantation after which time he chose not to wear it. 
Child 143 rejected a hearing aid on the unimplanted 
ear 3 mo postimplantation. Patient 145 was unable 
to wear an aid on the unimplanted ear due to 
recurrent otitis media. All postoperative PPVT as- 
sessments for these patients have been conducted in 
the combined condition (implant plus hearing aid). 
Separate evaluations of the implant and hearing aid 
were not conducted in order to reduce the assess- 
ment time and because it was considered more 
relevant to  assess changes under conditions used in 
everyday communication. 
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Each of the patients was implanted with the 
22-electrode cochlear prosthesis (Clark et al., 1987). 
Twenty-nine patients had 15 or more electrode 
channels activated. Patients 44,63, and 93 had 7,9, 
and 5 electrode channels activated, respectively, due 
to partial insertion and unpleasant sensations on 
some electrodes. For most patients the initial speech 
processing strategy encoded the fundamental fre- 
quency (FO) as pulse rate, estimates of the first and 
second formant frequencies (F1 and F2) as electrode 
positions and amplitude as current level (Blarney, 
Dowell, Clark, & Seligman, 1987). Soon after Octo- 
ber 1989, these patients were changed over to the 
MSP processor and a multipeak strategy which 
encodes FO, F1 and F2, as well as the amplitude of 
three high frequency bands: 2.0 to 2.8 kHz, 2.8 to 4 
kHz, and frequencies above 4 kHz, onto three fixed 
basal electrode positions (Dowell, Whitford, Selig- 
man, Franz, & Clark, 1990). This additional infor- 
mation helps in the identification of voicing distinc- 
tions and fricatives (Blarney & Tartter, 1992). 
Patients 44, 63, and 93 used the MSP processor 
without the multipeak strategy, because of their 
significantly reduced numbers of electrodes. 

Habilitation 
The patients received auditory/oral speech and 

language habilitation in addition to that provided in 
their educational programs. Usually, individual ses- 
sions of approximately 1.5 hr were provided at 
regular intervals throughout pre- and postoperative 
periods. The habilitation had a strong focus on 
the use of audition in the development of spoken 
communication, incorporating the development of 
speech perception and speech production skills and 
language. A parent attended some therapy sessions 
and was guided in how to optimize the use of 
audition in hisher interaction with the child. There 
was also a close liaison with teachers in the child’s 
educational setting. Further details are given by 
Mecklenburg et al. (1990) and Rowland, Dawson, 
Dettman, and Clark (1992). 

Assessments 
The Peabody Picture Vocabulary Test-Revised 

(Dunn & Dunn, 1981) was used to estimate receptive 
vocabulary. It consists of 175 words ordered in a 
hierarchy of increasing linguistic difficulty. The task 
requires an understanding of concrete words, ab- 
stract words and concepts such as ”measuring.” The 
test words were presented in an audition plus vision 
(AV) mode and the patient pointed to one of four 
pictorial choices. The written word was provided 

frequently for the more complex words whenever the 
patient was hesitant in hisher response. 

It was desirable to  obtain a preoperative baseline 
and several postoperative measurements for each 
patient, but in some cases this was not possible 
given clinical constraints. 

Data Analysis 
Analysis of group data looked at gains in equiva- 

lent age as a function of postimplantation periods. 
The Wilcoxon matched-pairs signed-ranks test was 
used with a one-tailed criterion to determine 
whether the group mean postoperative performance 
would be superior to the group mean preoperative 
performance. 

A nonparametric statistic, the Spearman rank 
correlation coefficient (rs) was used to determine 
whether changes in equivalent age were signifi- 
cantly correlated with changes in chronological age 
for 25 individuals with more than two assessments. 
The overall rate of change was computed for all 
patients. This rate considered the most recent post- 
operative score minus the latest preoperative score 
or the overall change in the postimplantation period 
for those patients with no preoperative data (pa- 
tients 61,69,90,92, 107,109, and 131). These seven 
patients were first assessed within 6 mo following 
cochlear implantation. The overall rate of change 
was chosen in preference to slope coefficients of 
linear regression lines given that seven patients had 
too few data points for regression line coefficients to 
be determined. 

A multivariate regression analysis was conducted 
on the PPVT data to determine what factors ac- 
counted for variance in performance between indi- 
viduals. The overall rate of change was used as the 
dependent variable in the analysis. The factors; 
duration of implant experience, age at implantation, 
duration of profound deafness, age at onset of pro- 
found loss, communication mode (oraVaura1 or total 
communication), and speech perception skill were 
the independent variables used. The latter was the 
patient’s percentage score obtained on the Picture 
Vocabulary Test (Plant, 1984) at the time of the 
most recent postoperative PPVT assessment. This 
test requires the recognition of monosyllabic words 
in a closed-set 12-alternative forced-choice format. 
The items in the test are: “shoe, fork, tree, car, bird, 
key, dog, book, duck, bed, hat, fish.” Each item was 
presented twice and the patient responded by point- 
ing to pictures. The authors chose this particular 
test for two reasons: first, it is sensitive to differ- 
ences within the group tested; and second, a closed- 
set test is more likely to provide a measure of 



TABLE 3. Group mean PPVT equivalent ages obtained preoperatively and at various stages postoperatively. 

Chronological age (yr) 

Postimplant interval (mo) N" Preimplant Postimplant Increaseb 

6 14 9.9 10.7 0.8 
12-1 8 20 11.1 12.5 1.4 
24-30 16 10.4 12.9 2.5 
36-42 8 8.4 11.7 3.3 
Most recent assessment' 32 10.4' 13.2 2.8 

Equivalent age (yr) Improvement rate 

Preirnplant Postimplant Increaseb pc Preimplantd Postimplante 

3.5 4.3 0.8 0.003 0.35 1.01 
4.1 5.4 1.3 0.0005 0.37 0.93 
4.5 6.8 2.3 0.001 0.43 0.92 
3.2 6.1 2.9 0.025 0.38 0.88 
4.4a 6.8 2.4 0.0005 0.42 0.87 

a N is the number of patients tested at each stage. 
The increase is equal to the mean postimplant age minus the mean preimplant age. 
The p value refers to the significance of the Wilcoxon matched-pairs signed-ranks test comparing pre- and postimplant equivalent ages. 
The preimplant improvement rate is equal to the preimplant equivalent age divided by the preimplant chronological age. 

* The postimplant improvement rate is equal to the increase in equivalent age divided by the increase in chronological age. 
'For seven of the patients for whom there was no preoperative data, the earliest postoperative assessment was included with the "preimplant" data and compared with the most recent 
assessment. 

perception that is independent of vocabulary knowl- 
edge than an open-set test. 

RESULTS 

Group Results 
Most patients had equivalent ages well below 

their chronological ages at all pre- and postoperative 
evaluations, as expected from previous studies of the 
receptive vocabulary of hearing-impaired children 
(see Introduction). Table 3 indicates that the group 
mean equivalent age preimplantation was less than 
half the group mean chronological age preimplanta- 
tion. At the most recent postoperative evaluation, 
the group mean equivalent age had increased to just 
over half the group mean chronological age. Only 
three children (44, 76 and 93) had reached age- 
appropriate levels by this evaluation, and it is inter- 
esting to note that all three were adventitiously 
deafened through meningitis between the ages of 2 
yr 4 mo and 3 yr. 

The mean group PPVT performance for the 32 
patients on the most recent postoperative assess- 
ment was significantly greater than that on the 
most recent preoperative assessment or earliest 
postoperative assessment (p < 0.001) (see Table 3). 
The change in mean equivalent age over time (2.4 
yr) was close to the change in mean chronological 
age over time (2.7 yr), indicating a rate of improve- 
ment of 0.87 for the group. The preoperative group 
rate of improvement was 0.42, calculated by dividing 
the mean equivalent age at the preimplant assess- 
ment by the mean chronological age at the same 
assessment. Analyses were also computed for sub- 
groups of patients to compare preoperative scores 
with scores at varying postoperative periods. At all 
intervals assessed (from the 6 mo interval to the 36 
to 42 mo interval) postoperative performance signif- 
icantly exceeded preoperative performance. Postop- 
erative group rates of improvement were more than 

double the preoperative rates of improvement for 
the same groups. 

Individual Results 
Overall rate of learning vocabulary is shown for 

each of the 32 patients in Table 4. Preoperative 
learning rates were calculated by dividing the pa- 
tient's most recent preoperative equivalent age by 
the chronological age at the time of testing. If no 
preoperative score was available, the first postoper- 
ative equivalent age was used instead. No patient 
showed a learning rate greater than 1.00 preopera- 
tively, and the average rate was 0.43, equal to the 
group rate found for hearing aid users with similar 
hearing losses by Boothroyd et al. (1991). Postoper- 
atively, nine patients showed an overall rate of 
improvement which exceeded the normal rate of 
vocabulary acquisition (44, 69, 76, 85, 93, 104, 113, 
149, and 173). Seven patients (23, 35, 71, 92, 109, 
143, and 145) improved at a rate ranging between 
0.67 and 0.90. Seven patients revealed a learning 
rate between one-third and two-thirds of the normal 
rate (70, 90, 94, 107, 114, 124, and 136). Finally, 
nine patients improved at a rate less than a third of 
the normal rate (61,62,63,87,91,106,131,132, and 
140). The mean postimplant individual rate of im- 
provement of 1.06 was significantly higher than the 
mean preimplant individual rate of improvement 
(Wilcoxon Signed Rank Test, p < 0.05). 

Dunn and Dunn (1981) have estimated the test- 
retest reliability of raw scores in the PPVT to be 
between four and eight items across the age range 2 
yr 6 mo to 40 yr. This is a variability of up to 6 mo in 
equivalent age at the age of 7 yr, but corresponds to 
a much greater variability in equivalent age for ages 
over 17 yr. The large rate of increase in equivalent 
age for patient 93 must be qualified in light of this. 
The learning rate for child 69 may also be artificially 
inflated by a large apparent change over a very short 
time. 
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TABLE 4. Rates of vocabulary acquisition, significance of the 
correlation coefficient of equivalent age with chronological age, 
and speech perception score for individual children. 

Preimplant Postimplant Spearman Perception 

was found to be significantly correlated with age at 
implantation (r = 0.402, 
was not associated with rate of vocabulary growth. 
The speech perception score was however signifi- 

Patient no. rate rate significance score(%) cantly correlated with age at implantation (r = 
0.78 p < 0.05 8 -0.60, x, < O.OOl), duration of profound deafness 

< 0.05). Perception 

23 
35 
44 
61 
62 
63 
69 
70 
71 
76 
85 
87 
90 
91 
92 
93 
94 
104 
106 
107 
I09 
113 
114 
124 
131 
132 
136 
140 
143 
145 
149 
1 73 

Mean 
Standard deviation 

0.39 
0.53 
0.38 
0.35 
0.24 
0.41 
0.41 
0.59 
0.48 
0.69 
0 
0.48 
0.44 
0.23 
0.37 
0.97 
0.40 
0.23 
0.33 
0.39 
0.79 
0.37 
0.35 
0.62 
0.53 
0.30 
0.40 
0.29 
0.56 
0.57 
0.27 
0.47 

0.43 
0.18 

0.87 
1.65 
0.03 

-0.14 
-0.06 
5.50 
0.33 
0.76 
1 .a9 
1.02 
0.25 
0.34 

-0.53 
0.90 
6.1 9 
0.60 
1.70 
0.09 
0.46 
0.80 
2.80 
0.36 
0.54 
0.31 
0.22 
0.56 
0.18 
0.88 
0.71 
2.50 
1.33 

1.06 
1.46 

p < 0.05 
p < 0.05 

NS 
NS 
NS 
a 

p < 0.001 
p < 0.05 
p < 0.001 
p < 0.01 

NS 
NS 
NS 

p < 0.001 
a 
a 

p < 0.001 
p < 0.001 

NS 
NS 

p < 0.001 
p < 0.001 

NS 
a 

NS 
p < 0.05 

NS 
a 
a 

NS 
a 

67 
100 
63 
8 
17 
100 
100 
92 
54 
79 
50 
100 
21 
100 
29 
17 
8 
50 
83 
96 
79 
58 
83 
100 
4 
92 
75 
92 
96 
63 
63 

64 
33 

r ( l .  a indicates insufficient data for Speannen com/ation anavsis. NS indicates a non- 
significant codation between chronological age and equivalent age. When a significant p 
value occurs, this indicates that the mfe of improvement is significant& grester than zero, 
and a consistent improvement has occuned over the postimplantation period. 

For seven of the patients, only two data points 
were available. The Spearman rank correlation co- 
efficient was computed for the 25 patients who had 
more than two data points. Table 4 indicates that 13 
showed statistically significant, positive associa- 
tions between changes in equivalent age and 
changes in chronological age. 

A forward stepwise regression analysis revealed 
that none of the variables investigated, duration of 
implant use, duration of profound deafness, age at 
implantation, age at onset of profound loss, percep- 
tion ability, and communication mode, was a signif- 
icant predictor of individuals’ overall rate of change 
in performance on the PPVT. Age at implantation 
showed a slight, positive but nonsignificant correla- 
tion with rate of change (r = 0.257). In contrast, the 
most recent postimplantation equivalent age score 

(r = -0.67, p < 0.001) and modeof communication 
(r = - 0 . 5 2 , ~  < 0.01). 

I 

DISCUSSION 
Results were similar to previous studies of vocab- 

ulary growth in implanted children in that most 
patients were considerably delayed in their recep- 
tive vocabulary both pre- and postoperatively. In 
accordance with the findings of Kirk and Hill-Brown 
(19851, there were however significant group im- 
provements (mean postoperative minus mean pre- 
operative scores) that were consistently observed at 
varying postoperative test periods. 

The mean individual rate of improvement of 1.06 
fell within the range of average rates of improve- 
ment for smaller groups of implanted children in 
other studies (see Table 1). About half of the pa- 
tients revealed rates of improvement that were 
greater than two-thirds of the normal rate, but the 
remaining patients improved at less than two-thirds 
of the normal rate. It should be noted that some of 
the patients who showed high rates of PPVT growth 
had only two data points and so no individual 
correlation analysis was possible. Their results will 
be more convincing if additional postoperative as- 
sessments show further gains in equivalent age and 
significant correlations with changes in chronologi- 
cal age are shown. 

The gains shown by patients on the PPVT cannot 
be solely attributed to the implant in conjunction 
with training. The lack of a control group of nonim- 
planted hearing-impaired children means that we 
cannot tease out the effects of maturation and other 
variables on PPVT scores. In contrast to  the finding 
by Geers and Moog (1988) for hearing aid users aged 
8 to 14 yr reported in the Introduction, higher rates 
of vocabulary growth were not associated with 
higher scores on a closed-set word perception task 
for this group of patients. This study’s results are 
more compatible with the further finding by Geers 
and Moog of a less distinct relationship between 
word recognition skills and rate of vocabulary acqui- 
sition for a group of 100 adolescents aged 16 to 18 yr. 
On the other hand, one cannot conclude from the 
present study that the perceptual information of- 
fered by the implant was irrelevant to gains on the 
PPVT. Some improvement in perception may com- 
bine advantageously with other factors to facilitate 
vocabulary growth: factors such as language train- 
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ing in the educational setting, intelligence, and 
improvements in lip-reading and reading skills. It 
must be remembered that the task was presented 
audiovisually and at times with a written supple- 
ment. In contrast to the study by Kirk and Hill- 
Brown (1985), growth in sign language proficiency 
could have had only an indirect influence on PPVT 
gains, since the test was not administered with sign 
and only six of the patients were in total communi- 
cation programs. 

Despite the absence of a control group of unim- 
planted subjects, indirect comparisons can be made 
with studies of PPVT improvement in hearing aid 
users. The postoperative learning rates reported in 
this study exceed those reported by Geers and Moog 
(1988) and Boothroyd et al. (1991) (see Introduction 
and Table 1). It should be noted that the present 
study looks at progress over time since implantation 
for each patient, whereas the hearing aid studies 
discuss “group” rates of progress (averaging the 
single PPVT scores for a number of children of 
different ages who are grouped either according to 
hearing loss or auditory perceptual skills). The pre- 
operative learning rates reported in this study are 
very close to those reported for the other groups of 
hearing aid users. 

The age at onset of the hearing loss and the 
duration of profound deafness have been reported to 
be significant predictors of perceptual performance 
(Blamey et al., 1992; Osberger et al., 1991; Staller et 
al., 1991). Similarly for this group of patients, 
shorter duration of profound deafness and younger 
age at implantation were significantly associated 
with better perception scores. Duration of deafness 
was highly associated with age at implantation, 
since the patients’ hearing losses were predomi- 
nantly congenital. 

The variance among patients in vocabulary 
growth postimplantation was not significantly ac- 
counted for by these factors nor by duration of 
implant use, perception performance, or communi- 
cation mode. The absence of a correlation between 
perception and PPVT improvement cannot be gen- 
eralized to open-set perception, where the vocabu- 
lary used will probably have a direct effect on the 
perception scores. Age at implantation was signifi- 
cantly correlated with the most recent postoperative 
equivalent age score (r = 0.402, p < 0.05). This is to 
be expected since normally hearing children’s scores 
on the PPVT increase as a function of age and age at 
implantation was highly correlated with the pa- 
tients’ chronological ages at the most recent assess- 
ment. Age at implantation was not, however, a 
significant predictor of rate of PPVT change. In fact 
the correlation of this variable with rate was posi- 
tive and opposite in direction to its relationship with 

perception. Although communication mode was not 
a significant predictor of PPVT performance for this 
group of patients, there were only a small number of 
children using total communication in the educa- 
tional setting and this result should not be general- 
ized to other groups of children. 

Future Research Directions 
The results of the present study add weight to the 

suggestions from previous studies that cochlear im- 
plants may facilitate the acquisition of receptive 
vocabulary in some children and adolescents. The 
children actually achieving age-appropriate lan- 
guage levels still form a small proportion of the total 
number of implant users, however. The differences 
in performance among patients are not well ex- 
plained by the factors; duration of implant use, age 
at implantation, duration of hearing loss, communi- 
cation mode, age at onset of profound loss, and 
closed-set word perception. Further long-term stud- 
ies which control these variables will be necessary 
before reasonable language goals and expectations 
can be set for the majority of implanted children. 
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