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Optimization of auditory stimulation on premature

infants based on orthogonal design
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Abstract: Objective To determine the optimal parameter combinations of auditory stimulation frequency, duration,
and music type for premature infants, in order to provide evidence for clinical interventions.  Methods An L, (3"%)
orthogonal experimental design was adopted. A total of 189 premature infants hospitalized in the Neonatal Intensive Care
Unit (NICU) of Nanjing Women and Children’s Healthcare Hospital from April to September 2024 were enrolled in this
study, and were randomly assigned to 27 groups. Range analysis and analysis of variance (ANOVA) were utilized to
evaluate the effect of three factors related to auditory stimulation (music type, stimulation frequency, and duration) on
weight, length, and head circumference gain, as well as the time to achieve full oral feeding, the time to achieve full enteral
feeding, and Neonatal Behavioral Neurological Assessment (NBNA) scores.  Results After excluding 9 ineligible cases, a
total of 180 preterm infants were ultimately enrolled in the study. The type of music significantly affected the gains in body
weight, head circumference, and body length, as well as the time to achieve full oral feeding and NBNA scores (F=4. 673,
4.618, 4.528, 5.673, 7.528, P<C0.05). Stimulation frequency significantly influenced the gains in body weight, head
circumference, and body length, along with the time to achieve full oral feeding and the time to achieve full enteral feeding
(F=4.760, 5.142, 6.318, 5.966, 4.748, P<C0.05). The duration of stimulation significantly impacted NBNA scores
(F=7.424, P=0.015). Furthermore, a significant interaction between music type and duration on NBNA scores was
observed (F=4.031, P=0.044). Conclusions The optimal parameter combination for auditory stimulation in premature
infants is maternal live lullaby singing administered three times a day for 30 minutes per session. It is recommended to
prioritize this protocol in clinical developmental supportive care for premature infants.

Keywords: premature infants; auditory stimulation; music therapy; growth and development; orthogonal design
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Fig. 1 Header design of the Ly, (3") orthogonal array for auditory stimulation in premature infants
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Tab. 1 Comparison of baseline characteristics of premature infants across groups

2 5 151 % Ja S CRD AR A (k) 1min Apgar ¥4 5min Apgar P43
1 7 30.30%1.02 1. 4440. 22 9.57+0.79 9.7140.49
2 7 31.06£0. 45 1.50=£0. 20 9.2940. 95 9.7140. 49
3 6 30.6040.58 1.5440.29 9.5040. 84 10. 00+0. 00
4 7 31.04+0. 87 1.5740. 20 9.434+0.98 9.8640.38
5 7 30.80=%1.15 1.64=40. 33 9.4340.79 9.8640.38
6 6 28.9044. 05 1.5840.29 9.3340. 82 9.8340. 41
7 6 30.2040. 82 1.4940. 18 9.1740.75 9.6740.52
8 6 29.8341.15 1.3640. 16 8.67+0. 82 9.6740. 82
9 7 30.4540. 70 1.41£0.16 9.00+0. 82 9.8640.38
10 7 31.12+1.16 1.5240. 23 9.1440. 69 9.7140.49
11 6 31.3640. 84 1.4640. 16 9.6740.52 9.8340. 41
12 6 31.024+1. 39 1.5340. 25 9.33+0.52 9.8340. 41
13 7 31.16%1. 22 1.5240. 20 9.1440. 69 9.7140.49
14 7 31.2240.98 1.56+0. 18 9.0040. 58 9.5740.53
15 7 31.4940. 93 1.6440. 25 9.4340.53 9.8640. 38
16 7 31.1240.70 1.5440.12 8.57+0.53 9.714+0. 49
17 7 31.04=+0. 86 1.5740. 23 9.00+0.58 9.7140.49
18 7 31.7440.73 1. 76 £0. 20 8.86+0.69 9.8640. 38
19 6 30.93+1.11 1.464+0. 20 9.0040. 63 9.674+0.52
20 7 31.2740.96 1. 4840. 20 8.86+£0. 69 9.7140.49
21 7 30. 9440. 80 1.4740. 21 9.0040. 82 9.7140.49
22 7 31.08=%1.19 1.46=+0. 24 9.2940.76 9.8640.38
23 7 31.4940. 80 1.4840.17 9.2940. 49 9.8640. 38
24 7 31.0840. 81 1.4740.13 9.2940. 49 9.7140.49
25 6 31.3640. 88 1.44=40.11 9.1740. 41 9.8340. 41
26 6 31.21+1.28 1.56=+0. 23 9.1740.75 9.8340.41
27 7 31.18%1.12 1.61£0.17 9.2940. 49 9.7140. 49

F {4 1. 460 1. 038 0.935 0.273

P {H 0.083 0.423 0. 560 1. 000
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Tab. 2 Range analysis of various outcome indicators

kit TiH  FREMEQ) FEHEGB KO

hEHK g/ (kg D] K1 20.79 17.33 18.07
K2 17.65 17.11 18.75
K3 16. 85 20. 85 18. 48
R 3.94 3.74 0.68

B ZE F %k ABC

e % A1B3C2

3 K (mm/d) K1 0. 83 0.70 0.72
K2 0.73 0.71 0.77
K3 0.70 0. 84 0.77
R 0.13 0.14 0. 06

PSEECY BAC

R % B3A1C2

BEHEK (mm/d) K1 1. 66 1.48 1.55
K2 1.57 1. 60 1. 60
K3 1.51 1. 66 1.59
R 0.15 0.18 0. 05

K F %k BAC

S B3A1C2

42 TR FE R (d) K1 8. 47 10. 07 9.79
K2 9.70 9.17 9.23
K3 9.70 8.63 8. 86
R 1.23 1. 44 0.93

B % BAC

He# g % B3A1C3

4l i ) (D) K1 14. 56 16.13 15. 94
K2 17.52 18.10 15.34
K3 14. 97 12.83 15.77
R 2. 96 5.27 0. 60

& F % BAC

k- B3A1C2

NBNA () K1 35. 76 34.53 34. 34
K2 34. 87 34. 99 34.79
K3 34. 29 35. 39 35.78
R 1. 47 0. 86 1. 44

% F ACB

VS A1C3B3

e KO B A AN KOF 29 2 SR 0 S i DR R ], KT iy
20.79 RAETEF KA ALK TR REIE KM, R W ZE PR m N
E (1PN

K A2 ISR I R) K 4 i 8 IS 1) (0 52 o 48 3T 2
= L (P<C0.05); [H & CCH I KO Xt B ish NB-
NA WA %28 X (P=0.015), W« 3.,
ZE53 AT SR o B SR R 2SR B 22 5AE FH W NBNA
VA B 52 25 5 A Gi it 22 B X (P=0. 044) , i — 25
e ACRZE BN E K204 X NBNA P43 1) 8

M. P AN [E KCFA A T 9 NBNA 4353 B
R, AIC3 A4 T iy NBNA &y 37. 13 434 T HAlh
KFEHE s WK FAHE, SWESTE R 3.
WLE 2,

3 8

3.1 F Ut ki th Sy & SEHE R LT

R 3 BUUEARETTZ T

Tab. 3 Analysis of variance of various outcome indicators

AN HR AR HE BETVHFM B F i PH
AT K A 78. 062 39.031  4.673  0.045
B 79.516 39.758  4.760  0.043
C 2.100 1.050  0.126  0.884
Sk K A 0. 085 0.042  4.618  0.046
B 0.101 0.050  5.142  0.037
C 0.019 0.009  0.211 0.814
B H K A 0.103 0.051  4.528 0.048
B 0.143 0.072  6.318  0.023
C 0.011 0.006  0.503  0.623
EZOMEFERR A 9.110 4.555  5.673 0.029
B 9.581 4.790  5.966  0.026
C 3.919 1.959  2.440  0.149
4= Ji7) T8 At [A) A 46. 333 23.167  1.724 0.238
B 127.574 63.787  4.748  0.044
C 1. 684 0.842  0.063  0.940
NBNA A 9. 825 4.913  7.528  0.014
B 3. 299 1.649  2.527  0.141
C 9. 690 4.845  7.424  0.015
AXB 4.166 1.041  1.596  0.266
AXC 10. 521 2.630  4.031 0. 044
BXC 1. 515 0.379  0.580  0.686
381 37.13
37
3 349 3523 353 35.07 349 3513
<E 35k 34.23
:Z: 3ar 32.83
z 33
32F
31F
L
0

AICT AIC2 AIC3 A2CI A2C2 A2C3 A3CI A3C2 A3C3
2 FARAZECAY RF IS (O A% K F T A NBNA BE43

Fig. 2 Effects of the interaction between music type (A)

and intervention duration (C) on NBNA scores
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