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Objectives: The purpose of this study was to examine the differences in early vocabulary
acquisition between toddlers with cochlear implants (Cl) and toddlers with normal hearing
(NH) , and to identify the differences in early vocabulary acquisition according to Cl activa-
tion period (< 12 months vs. = 12 months) within Cl group. In areas in which the difference
between groups was significant, we attempted to determine whether the ‘age at implanta-
tion’ of the Cl group played a role as a moderator. Methods: Nine papers were selected by
applying inclusion and exclusion criteria among papers published for about 15 years
(2007-2022) and found through searching three databases (Academic Search Complete,
PubMed, Google Scholar). Results: There was no significant difference in receptive vocabu-
lary measured by the MacArthur-Bates Communicative Development Inventories (MB-CDI)
in Cland NH children, but there was a significant difference in expressive vocabulary. In ad-
dition, within the Cl group, there was a significant difference in expressive vocabulary ac-
cording to Cl activation period (< 12 months vs. > 12 months). Conclusion: This study con-
firmed that the expressive vocabulary measured by the MB-CDI may be limited in very
young children with Cl when compared to their NH peers. In addition, children with Cl
showed significant changes in expressive vocabulary acquisition despite a relatively short
Clactivation period of about a year.

Keywords: Meta-analysis, MacArthur-Bates communicative development inventories
(CDI), Early vocabulary acquisition, Cochlear implants, Toddlers
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Total 2,362 searched
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1. Scholarly journals (full text) [n=1,146]
2.2007-2022 (present) [n=980]
3. Language: English [n=914] Korean [n=1]
4. Participants: Cl (and/or NH) children [n= 18]
5. Scores: Mean & standard
deviation in each group [n=9]

Studies included in this review [n=9]

Figure 1. Flowchart of inclusion and exclusion criteria from database searching.
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3. Language: Not English or Korean [n=65]
4. Participants: Excluding Cl (and/or NH) children [n=897]
5. Scores: No detail scores (Mean & SD) [n=9]
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Figure 2. Funnel plot of standard error by hedge’s g.

Table 1. Participants’ characteristics
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Research question 1 Research question 2
Variable Cl(N=454) NH (N=305) CP(N=191) CP(N=191)
M (SD) Range M (SD) Range M (SD) Range M (SD) Range
Chronological age (months) 2690(10.43)  13.20-44.62 2500(6.58)  13.00-34.00 21.33(3.33)  16.21-25.77 2882(1.66)  27.21-31.01
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Cl=Duration of Cl use (< 12 months); CI°=Duration of Cl use (> 12 months); Cl= Children with cochlear implants; NH=Normal hearing children.
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Appendix 1. Summary of studies included in this meta-analysis

Experimental group Control group
No. Study N Age Duration of Cl use  Age at implantation N Age MB-CDI type
(months) (months) (months) (months)
1 Jung et al. (2020) 48 23.99 8.98 15.61 48 13.72 WG
2 Lee et al. (2022) 14 185 8.64 9.86 18 23.06 -
3 Jung & Ertmer (2018) 13 44.62 24 20.62 13 21.85 WS
4 Stika et al. (2015) 28 132 8.1 5.1 42 13 -
5 Cejas etal. (2014) 180 276 14.4 132 % 276 WG /WS
6 Perry et al. (2021) 19 3451 18 16 20 34 WS
7 Majorano et al. (2020) 20 223 483 17.47 20 2191
8 Xu et al. (2022) 23 271.21 12.81 144 23 16.21 -
9 Majorano et al. (2021) 18 31.01 12 17.44 18 25.28 WG

Cl=Children with cochlear implants; NH=Normal hearing children; MB-CDI=MacArthur-Bates communicative development inventories; WG=Words and gestures; WS=
Words and sentences.
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Appendix 2. Forest plot of meta-analysis

Receptive vocabulary (Cl vs. NH groups).

AF5014 oF5] o35 -

Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (commeon) (random)
Jung et al. 2020 48 16335 91 4816629 79 4,—'* -0.03 [-043; 0.37] 78.5% 54.2%
Leeetal 2022 14 14643 191 18 385.67 200 —— i -1.19 [-1.95;-0.42] 21.5%  458%
iy
Common effect model 62 66 -0.28 [-0.64; 0.07] 100.0% -
Random effects model -0.56 [-1.69; 0.56] - 100.0%
Heterogeneity: I° = 85%, 1> = 0.5670, p < 0.01
-1 0 1
Expressive vocabulary (Cl vs. NH groups).
Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (common) (random)
Jung & Ertmer 2018 13 485 175 13 513 142 | —— -0.17 [-0.94; 060] 45% 12.1%
Stika et al. 2015 28 46 14 42 54 20 —E -0.43 [-0.91; 0.09] 11.3% 15.4%
Cejas et al. 2014 180 49 96 96 225 155 147 [[1.74,-119] 34.5% 17 5%
Cejas etal 2014 180 94 158 96 377 256 -1.43 [-1.70;-1.15] 34.9% 17.5%
Perry et al. 2021 19 179 196 20 534 127 212 [-292,-132] 41% 11.8%
Lee etal. 2022 14 67 133 18 289 240 i -1.08 [-1.83;-0.32] 4.7% 12.3%
Majorano et al. 2020 20 5 9 20 35 38 — -1.05 [-[1.72,-039] 6.0% 13.3%
Common effect model 454 305 <> -1.26 [-1.42; -1.10] 100.0% -
Random effects model _ -1.12 [-1.57; -0.67] - 100.0%
Heterogeneity: 1% = 78%, t° = 0.2820, p < 0.01
2 1 0 1 2
Expressive vocabulary in Cl [Duration of Cl use (< 12 months) vs. (> 12 months)] groups.
Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (common) (random)
Xuetal 2022 23 80 61 23 0 0 T 180 [1.11,250] 97% 9.4%
Xuetal 2022 23 80 61 23 1 1 e 1.79 [1.10;2.48] 9.8% 9.4%
Xuetal 2022 23 80 61 23 8 9 — 160 [093;227] 10.4% 96%
Xuetal 2022 23 80 61 23 48 54 - 054 [-0.05;1.13] 13.5% 10.4%
Xuetal 2022 15 124 74 15 2 4 ——— 227 [1.32;3.21] 5.3% 7.3%
Xuetal 2022 15 62 50 15 1 2 — 1.69 [0.84;2.53] 6.5% 8.0%
Xuetal 2022 15 62 50 15 10 16 e 1.37 [057,218] T 2% 8.4%
Xuetal 2022 15 62 50 15 45 51 T ! 0.30 [-0.42;1.02] 9.0% 92%
Majorano et al. 2021 18 27 27 18 0o 1 — 1.37 [064;211] 8.7% 9.1%
Majorano et al. 2021 18 27 27 18 6 9 — 1.05 [0.35;,1.79] 9.5% 9.4%
Majorano et al. 2021 18 27 27 18 12 22 0.60 [-0.07;1.27] 10.4% 9.7%
Common effect model 206 206 : 1.23 [1.01; 1.44] 100.0% -
Random effects model | : : ‘<> : ‘ 1.27 [0.91; 1.64] - 100.0%

Heterogeneity: 1% = 64%, t° = 0.2347, p < 0.01

-3

Cl=Children with cochlear implants; NH=Normal hearing children.
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