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Highlights

What are the main findings?

e  The first Japanese normative percentile curves for the FLI-P(J) were generated from
2512 caregiver reports of typically hearing children aged 2 to 73 months.

e  Japanese median and upper-percentile trajectories closely matched existing English-
language norms, while the majority of children with reported hearing or language
concerns scored at or below the 5th percentile.

What are the implication of the main findings?

e  The FLI-P(]) provides a culturally grounded, age-referenced benchmark for evalu-
ating functional listening in Japanese children who are deaf or hard of hearing, of-
fering a measurement tool that spans from early prelingual childhood through the
preschool years.

e  The availability of Japanese percentile curves enables standardized interpretation of
functional listening scores for clinical decision-making and supports cross-linguistic
comparison with existing English-language norms.

Abstract

Background: The Functional Listening Index—Paediatric (FLI-P) tracks functional listen-
ing development from birth to six years but lacks Japanese-language norms. This study
translated the FLI-P into Japanese (FLI-P(J)) to generate normative developmental trajec-
tories for typically hearing children. Methods: Following translation, the FLI-P(J) was ad-

ministered as an online caregiver survey in Japan. After applying sequential exclusion cri-
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teria (removing developmental concerns, zero scores, and IQR outliers) to 2976 responses,
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cally flagged children scored at the low end of the distribution, supports the potential of
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1. Introduction

The Functional Listening Index—Paediatric (FLI-P®) is a 64-item hierarchical check-
list designed to track the development of functional listening skills in infants and young
children with hearing impairment. The FLI-P focuses on how children detect, attend to,
and make sense of speech and environmental sounds in everyday contexts, rather than
on isolated auditory thresholds or decontextualized language test items. The FLI-P was
developed at The Shepherd Centre in Australia, in collaboration with the HEARing Co-
operative Research Centre, and is intended for use from birth through approximately six
years of age [1,2].

The FLI-P comprises 64 items organized into six developmental phases: (1) Sound
Awareness; (2) Associating Sound with Meaning; (3) Comprehending Simple Spoken
Language; (4) Comprehending Language in Different Listening Conditions; (5) Listen-
ing Through Discourse and Narratives; and (6) Advanced Open-Set Listening. It was de-
veloped from formative auditory scales in the field of paediatric hearing loss and is in-
tended for use with any child developing listening skills. The full instrument, User Guide,
and Item Descriptions are available for clinical use and free download via the developers
(The Shepherd Centre/HEARing CRC).

In clinical and early intervention settings, the FLI-P has been shown to be a feasible
and informative tool for monitoring listening development in young children with hear-
ing impairment. Davis and colleagues examined its use with a large cohort of children en-
rolled in early intervention and cochlear implant programs and reported that FLI-P scores
could be used to monitor change over time and to support decision-making about inter-
vention [3]. Building on this work, Cowan et al. reported a normative dataset based on
parent-reported FLI-P scores for 561 typically hearing children aged 0-72 months [4]. Us-
ing quantile regression to model FLI-P scores across age, they generated percentile curves
(including the 16th, 50th, and 84th percentiles) that provide age-referenced benchmarks for
interpreting the listening development of individual children with hearing impairment.

Although the FLI-P was designed to be conceptually language-independent and has
begun to be adapted in other linguistic contexts —for example, through translation and psy-
chometric evaluation in Malay —it has not yet been systematically adapted or validated
for use with Japanese-speaking caregivers and children [5]. Cultural and linguistic fac-
tors may influence how listening behaviors are expressed, interpreted, and reported by
caregivers, and developmental expectations derived from English-speaking or other non-
Japanese samples cannot simply be assumed to generalize to the Japanese context. Indeed,
direct cross-linguistic comparisons have documented systematic differences in early lan-
guage acquisition between English- and Japanese-speaking children [6—8], underscoring
the need for language-specific normative data rather than reliance on translated English-
language benchmarks. Establishing Japanese data is therefore an important step before
using the FLI-P to support early intervention decisions in Japan, particularly as Japan’s
publicly funded newborn hearing screening program has recently expanded, leading to
earlier identification and intervention for children with congenital hearing loss [9].

The present study addresses this gap by translating and adapting the FLI-P into
Japanese and administering it in survey format to caregivers of children with typical hear-
ing across early childhood. Using an online platform, responses from 2976 caregivers of
children aged 2 to 73 months were collected. The study had two aims. The first was to doc-
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ument, for each chronological age, the proportion of Japanese-speaking children whose
caregivers report that they consistently demonstrate each listening behavior, thereby gen-
erating preliminary normative benchmarks for functional listening development in the
Japanese context. The second was to evaluate whether the FLI-P(]J) could be feasibly ad-
ministered via an online, self-completed caregiver survey format and whether the result-
ing data yielded a robust and interpretable trajectory. After data cleaning and exclusion
of responses judged invalid or extreme, age-stratified response patterns were analyzed
to generate preliminary developmental benchmarks for Japanese speaking children with
typical auditory development. These benchmarks can then be compared with the norma-
tive trajectories reported by [4] and, in future work, used to interpret FLI-P scores from
Japanese-speaking children who are deaf or hard of hearing.

2. Materials and Methods
2.1. Translation and Adaptation

Following established guidelines for the cross-cultural adaptation of self-report mea-
sures [10], the original English version of the FLI-P was translated into Japanese by a team
of three in-house professionals with experience in auditory-verbal therapy and early in-
tervention; two were bilingual (Japanese-English) and produced the initial translation,
while the third, a native Japanese speaker, reviewed and refined the resulting Japanese
text for naturalness, clarity, and contextual accuracy. Following a forward-translation pro-
cess, feedback was collected from three Japanese clinicians in Shizuoka General Hospital
and two volunteer caregivers of children with hearing impairment to ensure clarity, natu-
ralness, and conceptual equivalence of each item. Revisions were made iteratively based
on their feedback to improve comprehension and cultural relevance. No formal cognitive
testing (e.g., structured think-aloud protocols) was undertaken; however, clinicians and
caregivers were directly asked about item comprehension and naturalness during the re-
view. Minor adjustments were made to item wording and examples to reflect common
Japanese expressions and environmental contexts, without changing the core construct be-
ing measured. Finally, an independent back-translation into English was conducted and
reviewed against the original items by a team of early intervention experts at The Shepherd
Centre, including one of the original FLI-P developers (A.D.), to verify the accuracy and
conceptual fidelity of the Japanese version.

To illustrate the developmental progression assessed, representative items from the
canonical English FLI-P are provided for each phase. Phase 1 (Sound Awareness): “Jumps
or startles to loud sounds” (1.1) and “Hears all of the ‘Ling 6" sounds when presented with
emphasis” (1.5). Phase 2 (Associating Meaning): “Knows the voices of 2 family members”
(2.3) and “Knows what is going to happen next in familiar songs” (2.8). Phase 3 (Simple
Language): “Understands a word or phrase without any actions or gestures” (3.2) and
“Knows their own name and will look at me when I say it” (3.4). Phase 4 (Different Con-
ditions): “Follows short directions that are unpredictable or silly” (4.1) and “Repeats all
of the ‘Ling 6’ sounds accurately” (4.7). Phase 5 (Discourse): “Recognises a familiar per-
son on the phone” (5.1) and “Follows 3 instructions in the same sentence” (5.10). Phase 6
(Advanced): “Remembers 4 things that happened in a story in the right order after read-
ing a book” (6.3) and “Is able to follow a long, complicated instruction that has more than
5 components” (6.6).

2.2. Survey Design and Distribution

The translated FLI-P(J) was administered as part of a larger online survey conducted,
all in Japanese, via the commercial market research company ASMARQ Co., Ltd. (Tokyo,
Japan), which maintains a large panel of family caregivers in Japan. This study was ap-
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proved by the institutional review board of NTT Communication Science Laboratories (Ap-
proval No. R02-011) prior to data collection. All caregivers provided electronic informed
consent before accessing the questionnaire, and participation was entirely voluntary. Sur-
vey data were stored on encrypted servers with access restricted to the research team, and
no identifying personal information was collected. Panel members receive modest finan-
cial incentives for completing surveys. Caregivers of children between 2 and 73 months of
age were invited to participate in the survey and only one response per child was permit-
ted. The version of the FLI-P(]) used for this survey was a pre-final Japanese version that
differs only stylistically from the version currently available from The Shepherd Centre on-
line (e.g., minor wording and formatting adjustments) and does not change the intended
meaning or developmental ordering of any item. The complete Japanese translation of the
survey instrument (FLI-P(J)) used in this study is available online in the accompanying
Mendeley Data repository [https://doi.org/10.17632/jcvw93k8kj.1].

The FLI-P(]J) items were embedded within a broader questionnaire that collected de-
tailed information about the child and family context. Demographic items included, for
example, the child’s sex, age and date of birth, health-related diagnoses (e.g., hearing or
language development concerns), language(s) spoken in the home, the respondent’s rela-
tionship to the child (e.g., mother, father), presence and birth order of siblings, total num-
ber of household members, preschool or daycare attendance, history of newborn hearing
screening, prefecture of residence, annual income of the primary earner, parents’ ages,
employment status (full-time, part-time, or none), and highest level of schooling for both
mother and father.

Respondents were geographically distributed across all 47 prefectures of Japan, with
the largest single-prefecture contributions from Tokyo (10.5%), Aichi (8.4%), Osaka (8.0%),
and Kanagawa (6.7%); no prefecture accounted for fewer than nine responses. Reported
annual household income spanned the full range surveyed, from under ¥2 million (3.5%)
to ¥15 million or more (1.8%), with the largest single bracket (16.2%) falling at ¥5-6 mil-
lion, indicating a broad cross-section of household income levels rather than a narrow or
skewed subset.

Following the FLI-P(]) section, additional items probed the child’s home literacy and
activity environment. Caregivers were asked about how often someone in the family reads
to the child, at what age shared reading began, the approximate number of picture books
and other reading materials in the home, familiarity with and ownership of specific chil-
dren’s books, recent play themes and songs the child enjoys, participation in structured
activities (e.g., parent-child classes, swimming, dance, Kumon, piano, etc.), the child’s ex-
pressive vocabulary using a list of provided words, and the frequency of library use. Al-
though these variables provide rich contextual information, the present analysis focuses
exclusively on responses to the FLI-P(]) items. Associations with demographic and home-
environment measures will be examined in separate reports.

The survey was distributed with the goal of obtaining responses representing each
month of age from 2 months to 73 months (6 years, 1 month). Specifically, the target was
20 males and 20 females per month age group (40 per group). Once 20 children of each
gender were recorded for a given month bin, the system automatically stopped accepting
additional responses for that group. However, in a few cases, slightly more than 20 were
accepted due to near-simultaneous submissions, while in others the total number of sub-
missions was lower due to an automatic global survey closing date.

2.3. Administration and Scoring of FLI-P(]) Items

Within the survey, the 64 FLI-P(J) items were presented in their standard developmen-
tal order. Items are grouped into phase units, progressing from Phase 1 (Sound Awareness)
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through Phase 6 (Advanced Open Set Listening), reflecting increasing complexity of func-
tional listening and spoken language skills. Each item describes an everyday listening or
language-related behavior (e.g., “jumps or startles to loud sounds”), and caregivers were
asked to indicate how often their child currently demonstrates that behavior by selecting
either “Mostly” or “Rarely.” The full instrument is available for reference via the HearHub
platform operated by The Shepherd Centre in Australia [2].

In typical clinical administration of the FLI-P, item presentation is discontinued once
a child receives six consecutive lower-frequency responses (e.g., “Rarely”). Because this
survey was completed independently by caregivers in an online format, it was not practical
to expect respondents to keep track of these ceiling and basal rules and discontinue the
questionnaire themselves. For this reason, all caregivers were asked to respond to every
FLI-P(]) item, regardless of their child’s performance.

Total FLI-P(J) scores were then derived post hoc using a rule designed to approximate
the original stop protocol. Responses were coded dichotomously, with “Mostly” treated as
indicating that the behavior was present and “Rarely” as indicating that it was not yet con-
sistently observed. For each child, the FLI-P(]) total score was calculated as the number of
“Mostly” responses counted up to the point at which six consecutive “Rarely” responses oc-
curred; any “Mostly” responses after this run of six “Rarely” responses were not included
in the total. This procedure yields a single total score per child that is comparable in inter-
pretation to scores obtained under standard FLI-P administration, while accommodating
the constraints of self-administered online data collection.

2.4. Participant Characteristics and Data Cleaning

A total of 2976 responses were collected across all age groups. Eligibility for the nor-
mative analysis was restricted to children without reported hearing, language, or related
developmental concerns based on screening questions. Data cleaning was performed in
three sequential steps:

1. Screening for caregiver-reported suspected developmental concerns:
Responses were excluded if the caregiver selected any response other than “None in
particular” (Original —##iZ % L ) for the question:
“Please tell us if your child has ever been identified as having any concerns re-
lated to sensory functioning or behavior during health checkups or visits to medical
institutions.”
Original — [{@i2 CEEHKE & & T 8 THRO B CATEIM 4 £ T I h & T
MenlemipdnNEHZ TR, |
The options, with number of responses removed for each, were:

1. No concerns reported ($f12 % L) = All retained
2. Auditory function/hearing (H- D[ & z /& T HEEE) =9

3. Visual function (#i B % ¢ =1

4.  Language development (Z & I& D F&i¥) =32

5. Social functioning (#:£x1%) =6

6.  Attention and behavioral regulation (¥ Z/#%% 5 E &) =0

7. Other (Z Dfih) =0

This screening removed 48 responses that reported prior concerns related to hearing,
vision, speech development, social behavior, attention, or other domains. These classifi-
cations were based solely on caregiver reports in response to this screening question; no
independent clinical verification or detailed diagnostic information was obtained as part
of the survey.

2. Exclusion of implausible total scores:
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A total of an additional 263 response sets with a score of 0 were removed. In the FLI-
P, a total score of 0 indicates that the caregiver reported “Rarely” for all of the early items,
including very basic behaviors such as startling to loud sounds or responding to familiar
voices. Given the simplicity of the earliest items, such a pattern was deemed implausible
for any child regardless of age, and these responses were interpreted as likely indicating
non-serious participation, possibly submitted solely for remuneration.

3. Outlier removal using the Interquartile Range (IQR) method:

Finally, to reduce the impact of extreme under- or over-reporting, the Interquartile
Range (IQR) method was used to identify and remove outliers based on total score dis-
tributions within six-month age bands. Because the youngest children in the dataset were
2 months old and the oldest were 73 months, twelve bands of equal width: 2-7, 8-13, 14-19,
20-25, 26-31, 32-37, 3843, 44-49, 50-55, 56-61, 62-67, and 68-73 months (corresponding
to the age bands shown in Table 1) were defined. For each age band, the first quartile (Q1),
third quartile (Q3), and the IQR (Q3-Q1) for total FLI-P(J) scores were calculated. Obser-
vations with scores below Q1 — 1.5 x IQR or above Q3 + 1.5 x IQR were treated as outliers
and excluded from further analysis. The IQR-based approach is widely used in applied
research because it relies on medians and quartiles rather than means and standard devi-
ations and is therefore robust to skewed or non-normal distributions—conditions that are
typical in developmental data where floor and ceiling effects are expected. In addition, re-
cent work has recommended IQR-based trimming as a practical and effective strategy for
outlier detection in large-scale empirical datasets, where extreme values can distort model
estimates if left unaddressed [11]. The symmetric IQR method was selected because it
treats both tails equally, applying the same principled, distribution-based criterion at each
end regardless of the direction of response bias (e.g., over-reporting vs. under-reporting),
rather than relying on a fixed percentile cutoff at one end only. As detailed below, this
approach was compared against an alternative that combined a fixed 5th-percentile cutoff
at the low end with an IQR-based fence at the high end; the two methods yielded nearly
identical developmental trajectories, and the symmetric IQR heuristic was retained as the
primary approach for its methodological consistency and transparency. This step excluded
an additional 153 response sets from the analysis.

Table 1. Number of caregiver responses per six-month age band before and after data cleaning (see
Section 2.4 for exclusion criteria).

Age Bin Total Participants After Cleaning Percentage
2-7 219 195 89.04
8-13 243 214 88.07

14-19 255 224 87.84
20-25 251 227 90.44
26-31 251 218 86.85
32-37 249 221 88.76
38-43 249 203 81.53
44-49 252 217 86.11
50-55 251 198 78.88
56-61 252 198 78.57
62-67 251 200 79.68
68-73 253 197 77.87
2976 2512

As a robustness check, an alternative outlier removal method was also explored, in
which scores below the 5th percentile were excluded at the low end and the IQR method
was applied only at the high end to detect extreme scores. This approach removed 164 re-
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sponses rather than 153. As described in the Results, the developmental trajectories ob-
tained under the two cleaning strategies were highly similar, indicating that the specific
choice of exclusion threshold did not materially affect the observed pattern of age-related
change. On this basis, the standard symmetric IQR-based method was adopted for the
final analyses reported in this paper, resulting in a final normative sample of N = 2512
caregiver reports.

Toillustrate how the cleaning steps affected the usable sample at each age, the number
of caregiver responses per six-month age band before and after the final IQR-based outlier
removal were summarized (Table 1). The first numeric column shows the total number of
responses collected in each band; the second shows the number of cases retained for the
normative analysis after medical screening, exclusion of zero scores, and removal of out-
liers using the IQR criterion; and the third reports the corresponding percentage retained.
As a complementary view, for each individual month of age, the number of caregiver re-
sponses before and after data cleaning, were also plotted (Figure 1). The specific purpose
of Figure 1 is to allow verification of sampling fidelity to the target design (20 males and
20 females per month); the monthly resolution confirms that recruitment remained bal-
anced across the age range without significant monthly gaps. This month-by-month dis-
play highlights local fluctuations in both the volume of data and the number of excluded
cases, while confirming that the retained sample remains substantial at each age and that
outlier exclusion did not disproportionately reduce the number of usable cases at any par-
ticular age.

45

Number of Participants

12345678 9101112131415161718192021222324252627282930 31 3233 343536 37 38 39 40 41 4243 44 45 46 47 4849 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 6970 71 72
Months

mAfter 0 Before (Total Height)

Figure 1. Number of caregiver responses per month of age, before and after data cleaning. The full
bar height shows the original number of responses; the dark segment shows responses retained after
cleaning; the light segment shows responses removed.

2.5. Statistical Analysis

Initial data screening, calculation of age-band indicators, and implementation of
outlier-removal rules (IQR- and percentile-based thresholds) were conducted in Microsoft
Excel. These steps included computing age bins, identifying zero scores, and apply-
ing the interquartile range (IQR) fences and alternative 5th-percentile thresholds at the
age-band level.

All subsequent descriptive and graphical analyses were carried out using jamovi, an
open-source statistical platform built on the R language [12]. Jamovi 2.7 was used to gener-
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ate descriptive statistics (means, medians, and selected percentiles) for FLI-P(]) total scores
by age in months and by age bands, and to produce scatterplots and smoothed develop-
mental trajectories.

To model the age-related trajectories, we evaluated several smoothing approaches,
consistent with established methods for constructing age-based percentile reference
curves [13]. A four-parameter logistic function was selected for all curve fitting because it
ensures methodological consistency with the original English-language study [4] and pro-
vides biologically plausible asymptotes at the floor and ceiling of development. We also as-
sessed a locally weighted scatterplot smoothing (LOWESS) approach as a non-parametric
alternative; however, the logistic function was retained for the final models because it is
more parsimonious and directly comparable to the Cowan et al. norms.

The 5th, 10th, 16th, 50th, 84th, 90th, and 95th percentiles were selected for analysis.
The 16th and 84th percentiles correspond approximately to 1 standard deviation from
the mean in a normal distribution, defining the range of typical development. The 5th and
10th percentiles are included as progressively stringent clinical risk indicators often used
in developmental screening, and the 90th and 95th percentiles mark the upper extreme.
This selection mirrors those reported by Cowan et al. [4], thereby facilitating direct visual
comparison between the English-language and Japanese norms.

The primary outcome variable for analysis was the child’s total FLI-P(J) score after
data cleaning, with age in months treated as a continuous predictor. To visualize devel-
opmental change across early childhood, individual data points were fitted and plotted
using the four-parameter logistic curves from the Cowan study to model the trajectory of
functional listening development over time [4]. In addition, for each month of age empiri-
cal percentiles were calculated (5th, 10th, 16th, 50th, 84th, 90th, 95th) and then fitted using
four-parameter logistic functions to the age profiles of these percentiles, yielding a set of
logistic percentile curves that illustrate the spread of scores around the central trajectory.

In an additional item-level analysis, acquisition probabilities were calculated for se-
lected items and for phase-level item averages within each six-month age band, defining
acquisition as caregiver endorsement of an item as “Mostly”.

3. Results
3.1. Effects of Screening

After the initial medical screening and removal of implausible zero scores, as refer-
enced above, two alternative outlier-handling approaches were applied and compared. In
the first approach, scores below the 5th percentile within each age band were removed at
the low end, and IQR-based fences were applied only to identify high-end outliers. In the
second approach, IQR-based fences were applied symmetrically at both the low and high
ends of the distribution within each age band.

As summarized in Table 1, both strategies yielded a large cleaned normative dataset
(N = 2512) with high retention across age bands from 2 to 73 months. Retention rates
(Table 1) varied modestly by age, ranging from 77.87% (68-73 months) to 90.44% (20-25
months). This pattern may partly reflect greater score compression near the upper end of
the scale in older children, which narrows the interquartile range and increases the like-
lihood that individual scores are flagged by the IQR fences; we did not, however, sys-
tematically investigate the source of this variation, and retention remained above 75% in
every age band. To visualize how these choices affect the developmental trajectory of FLI-
P(J) scores, separate four-parameter logistic curves were fitted to the retained cases under
each method and plotted over the full set of observed scores (Figure 2). The blue curve
represents the symmetric IQR-based method (upper and lower fences), and the red curve
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represents the alternative method combining a 5th-percentile cutoff at the low end with an
upper IQR fence.

64

56

48

40

FLI-P Total Score

16

Upper cutoff (IQR)
Fitted curve (IQR/Perctl)
Fitted curve (IQR)
Lower cutoff (Perctl)
Lower cutoff (IQR)

12 24 36 48 60 72
Age (Months)

Figure 2. Developmental trajectories of FLI-P(]) total scores under the two outlier-handling strate-
gies described in Section 2.4, with age-band-specific exclusion thresholds overlaid. Points are shaded
from light grey to black according to the number of overlapping observations at each score; all ob-
served scores prior to outlier removal are shown; the blue curve shows the symmetric IQR fit, and the
red curve shows the 5th-percentile/IQR fit. Yellow, green, and red step lines mark the 5th-percentile,
lower IQR, and upper IQR thresholds, respectively.

Figure 2 also overlays the age-band-specific exclusion thresholds used in the clean-
ing process. For each six-month band, yellow step lines mark the 5th-percentile cutoffs,
dark green lines indicate the lower IQR bounds, and dark red lines indicate the upper IQR
bounds, with vertical segments connecting adjacent bands and indicating where thresh-
olds fall off the plotted scale. Together, these elements show how the two outlier-handling
rules operate across age and where responses were trimmed from the lower and upper
tails of the distribution.

Visual inspection of Figure 2 indicates that the logistic trajectories obtained under the
two methods are closely aligned across the age range, with only minor deviations at the
youngest and oldest ages. This similarity suggests that the main pattern of age-related
change in FLI-P(]) scores is robust to reasonable choices of exclusion threshold. On this
basis, the symmetric IQR-based method was adopted as the primary approach for all sub-
sequent analyses reported in this paper. To illustrate the outlier cleaning process, an ex-
traordinarily low score for an older child—for example, a 68-73-month-old performing
at a 6-12-month level —would be developmentally implausible for a typically developing
child and would be flagged as an outlier by the symmetric IQR criterion.

3.2. Growth and Distribution of FLI-P Scores

To further characterize the distribution of FLI-P(J) scores across age and to align more
closely with the percentile-based presentation used by Cowan et al. [4], age-related per-
centile curves were then estimated from the cleaned dataset. For each month of age, em-
pirical score distributions were summarized and used to calculate the 5th, 10th, 16th, 50th,
84th, 90th, and 95th percentiles. To obtain smooth age-related trajectories, four-parameter
logistic functions were then fitted to the age profiles of each percentile, yielding a set of
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logistic percentile curves together with a central four-parameter logistic curve for the full
cleaned sample (Figure 3).

64

48

40 2 [ 'y /11 . g
‘2 Percentile
5th

= = 10th

= 16th
50th
84th

- = 90th
95th

- Regression

FLI-P Score

24

16

. o
°

12 24 36 48 60 72
Age (Months)

Figure 3. Developmental trajectory of FLI-P(]) total scores for the cleaned normative sample
(N =2512), showing the central four-parameter logistic curve and logistic percentile curves (5th-95th)
over individual child scores. Points are shaded from light grey to black according to the number of
overlapping observations at each score; only retained scores after outlier removal are shown.

In Figure 3, individual data points provide a background display of the observed
variability, while the overlaid logistic percentile curves illustrate how the distribution of
FLI-P(]) scores shifts with increasing age. The 50th percentile (median) closely tracks the
central four-parameter logistic curve, indicating that this fitted function provides a rea-
sonable summary of typical listening development across the age range. The 5th-95th per-
centile band captures the majority of observed scores at each age, with the upper percentile
curves approaching the maximum FLI-P(J) score in the later preschool years, between 4
and 5 years of age, and the lower percentiles remaining low but clearly above zero across
the age range, consistent with the expectation that even very young children with typical
hearing demonstrate at least some functional listening behaviors.

Taken together, the four-parameter logistic curve and the accompanying percentile
trajectories provide complementary views of the data: the central curve emphasizes the
overall developmental trend in functional listening, while the percentile curves highlight
age-related changes in the spread of scores and support comparison with previously pub-
lished percentile-based reference curves.

To illustrate how the percentile curves may be used to interpret scores for children
with known or suspected developmental difficulties, the nine responses from caregivers
who reported prior concerns about their child’s auditory function and the 32 responses
from caregivers, who reported that their child had been identified as having a delay in
language development, were reintroduced into the dataset and overlaid on the normative
trajectory as individual points (Figure 4). All of these children had been excluded from
the main analyses at the medical-screening stage but are shown here as overlaid markers
(red for hearing concerns, orange for language-development delay) to indicate where they
fall relative to the four-parameter logistic trajectory and the age-related percentile curves
derived from the typical hearing sample.
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Figure 4. Developmental trajectory of FLI-P(]) total scores with percentile curves (5th-95th) for
the typical hearing sample, with overlaid data points representing children flagged on the medical
screening question. The background scatter and percentile curves are identical to those in Figure 3;
the solid curve lines show the four-parameter logistic fit to the normative sample with the regression
line removed in this figure. Red points indicate the nine children whose caregivers reported prior
identified concerns about hearing, and orange points indicate the 32 children whose caregivers re-
ported an identified language-development delay. The screening question for these flagged cases
asked about “identified” delays or issues during health checkups or medical visits, rather than gen-

eral parental concern.

Visual inspection of Figure 4 shows that 5 of the 9 children whose caregivers reported
identified hearing concerns (red) fall clearly below the 5th percentile for their age, one
case lies close to the 5th percentile, one on the 16th percentile, and the remaining two cases
fall on the 50th percentile (median) curve. Thus, the majority of children with identified
auditory difficulties show markedly reduced functional listening scores relative to age-
matched peers, although a small subset achieves scores within the typical range.

The same figure also displays the 32 children whose caregivers reported that their
child had previously been identified as having a delay in language development (orange).
Of these, 21 fall on or below the 5th percentile curve for their age, one lies between the
5th and 10th percentiles, one falls between the 10th and the 16th percentiles, and two lie
between the 16th percentile and the central logistic curve. The remaining seven cases fall
above the regression line; although only six points are visible in that region, two children
share the same score of 62 at 48 months, causing one point to overlap the other. One child
of roughly 15 months shows a markedly elevated score, well above the 95th percentile.
Thus, most children with a documented history of language delay cluster at the very low
end of the normative distribution, while a smaller subset score within the typical range
and one child scores markedly above it, underscoring that functional listening outcomes
in this group are somewhat heterogeneous rather than uniformly depressed.

Because the present data were collected via an online caregiver survey, we did not ob-
tain detailed audiological information (e.g., degree or configuration of hearing impairment,
age at diagnosis, use of hearing technology) or formal diagnostic profiles for language de-
lay. As aresult, we are unable to further characterize these outlying cases or examine how
severity or intervention history relates to their position on the normative curves. Never-
theless, the fact that the majority of clinically flagged children fall at the low end of the
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Japanese FLI-P(]) distribution provides preliminary support for the clinical interpretabil-
ity of the normative curves.

3.3. Item Acquisition Patterns Across Developmental Phases

To examine developmental progression across listening skills, acquisition probabili-
ties were calculated at the phase level. For each of the six developmental phases, the prob-
ability of item endorsement (“Mostly”) was averaged across all items within that phase
and plotted against age. The six developmental phases represented in these analyses corre-
spond to the underlying structure of the FLI-P(]): Phase 1, Sound Awareness; Phase 2, Asso-
ciating Sound With Meaning; Phase 3, Comprehending Simple Spoken Language; Phase 4,
Comprehending Language In Different Listening Conditions; Phase 5, Listening Through
Discourse And Narratives; and Phase 6, Advanced Open Set Listening.

Figure 5 presents the resulting phase-level acquisition curves. The curves demon-
strate a clear and orderly developmental progression, with earlier phases reaching higher
levels of acquisition at younger ages and later phases emerging more gradually over time.
Phase 1 reaches high acquisition levels earliest, followed in sequence by Phases 2 through 6.

0.9
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Figure 5. Average item acquisition curves by developmental phase for the FLI-P(]). For each six-
month age band, the y-axis shows the mean proportion of items within each phase endorsed as
“Mostly” by caregivers in the cleaned normative sample.

This pattern is consistent with the theoretical structure of the FLI-P framework, in
which listening development progresses from basic sound awareness to increasingly com-
plex language comprehension and discourse-level processing. The phase-level curves
provide additional support for the developmental validity of the FLI-P(J), indicating
that the Japanese version preserves the expected ordering of functional listening skills
across phases.

Taken together, these phase-level acquisition patterns complement the total-score
analyses by showing that the developmental progression captured by the FLI-P(]) is ev-
ident not only in overall scores but also in the age-related emergence of behaviors across
the instrument’s underlying phase structure. In Figure 5, the slight decline in Phase 1 and 2
acquisition probability at older ages is interpreted as a reporting artifact rather than devel-
opmental regression. Items like “startles to loud sounds” are highly salient in infants but
may be less observable or simply ignored by caregivers of older children who have mas-
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tered complex conversation. This salience bias does not affect later phases, which measure
skills that remain active throughout the preschool years.

3.4. Comparison with Existing English-Language Norms

To situate the Japanese normative data in relation to previously published bench-
marks, four-parameter logistic growth functions were estimated for the 10th, 50th, and
90th percentile trajectories in the present sample and overlaid on the corresponding func-
tions reported by Cowan et al. [4] for typically hearing children in an Australian English-
speaking context (Figure 6). In this figure, solid lines represent the Japanese percentile
curves derived from the FLI-P(J) dataset, and dashed lines represent the Cowan et al. lo-
gistic curves.
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Figure 6. Developmental trajectory of FLI-P(]) total scores showing four-parameter logistic 10th,
50th, and 90th percentile curves for the Japanese normative sample (solid lines) overlaid with the
corresponding logistic growth functions reported by Cowan et al. [4] for an English-speaking sample
(dashed lines). Points are shaded from light grey to black according to the number of overlapping
observations at each score; only retained scores after outlier removal are shown.

Visual inspection indicates that the Japanese 50th and 90th percentile trajectories fol-
low the Cowan functions very closely in both shape and asymptotic level, with only small
differences in the timing of the rise and plateau. No formal statistical test of curve diver-
gence was performed; the comparison is based on visual inspection of the overlaid logistic
functions. The 10th percentile curves show somewhat greater divergence at certain ages
but still exhibit a broadly similar developmental pattern. This pattern of results suggests
that the developmental profile of functional listening captured by the FLI-P is highly sim-
ilar across Japanese- and English-speaking populations at the median and upper range
of performance, with broadly comparable trends at the lower end. Together, these find-
ings support both the cross-linguistic applicability of the instrument between English and
Japanese and the potential utility of the Japanese norms as a reference for clinical use, pend-
ing further validation in independently confirmed clinical samples.

4. Discussion

The present study translated, adapted, and systematically evaluated the Functional
Listening Index —Paediatric for use with Japanese-speaking caregivers, generating prelim-
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inary normative data for the Japanese version (FLI-P(J)). Using caregiver reports from a
large online panel and applying a structured, multi-step cleaning procedure, we obtained a
final normative sample of 2512 children aged 2-73 months. Four-parameter logistic curves
fitted to the age-related percentile trajectories showed the expected developmental pattern:
a rapid rise in total FLI-P(J) scores over the first three years of life, followed by a gradual
plateau approaching the maximum score in the preschool years. These findings indicate
that the Japanese adaptation behaves in a manner consistent with developmental expec-
tations and provides age-referenced benchmarks for functional listening in children with
typical hearing.

4.1. Establishing a Japanese Normative Baseline

By modelling both a central trajectory and percentile bands (5th-95th) across age, this
study provides the first normative reference curves for the development of listening skills
in children raised in Japanese-speaking environments using the FLI-P(J). The overall shape
of the Japanese developmental trajectory closely parallels the English-language normative
curves reported by Cowan et al. [4], with steep early gains followed by a plateau between
ages 30 to 48 months. This convergence supports the underlying developmental logic of
the FLI-P across languages: as children age, they are expected to show increasingly consis-
tent responses to items measuring detection, discrimination, and understanding of speech
and environmental sounds in everyday settings.

At the same time, the present curves are grounded in caregiver reports from a Japanese
sample and therefore reflect culturally and linguistically specific patterns in how listen-
ing behaviors are expressed and observed. These Japanese reference curves provide an
essential baseline against which the development of children who are deaf or hard of
hearing in Japan can be interpreted, rather than relying on norms derived from English-
speaking populations.

Beyond their internal coherence, the Japanese curves also showed strong concordance
with the English-language norms when we directly overlaid our 10th, 50th, and 90th per-
centile trajectories on the logistic functions reported by Cowan et al. [4]. In particular, the
Japanese 50th and 90th percentile curves closely tracked the corresponding Cowan func-
tions across the age range, with only minor differences in the timing and height of the
plateau. The 10th percentile curves showed somewhat greater divergence at certain ages
but retained a similar overall growth pattern. This cross-linguistic similarity of the distri-
bution provides additional support for the construct validity of the FLI-P(J) and suggests
that the underlying developmental progression of functional listening is broadly compa-
rable in Japanese- and English-speaking children.

4.2. Feasibility of Survey-Based Administration and Robustness of Cleaning

A second aim of the study was to evaluate the feasibility of administering the FLI-P(])
in an online, survey-based format. Caregivers completed all 64 items using the response
format (“Mostly” vs. “Rarely”), and total scores were reconstructed post hoc using a rule
that mirrored the standard stop protocol. Despite this deviation from the clinical interview
format, the resulting age-score relationship showed a consistent upward trend across the
full age range, suggesting that caregivers were able to apply the response options consis-
tently and that total scores behaved as expected.

Data cleaning combined clinical screening, removal of implausible zero scores, and
IQR-based outlier detection within six-month age bands. A comparison of two alternative
outlier-handling strategies—5th-percentile trimming plus IQR for upper outliers versus
symmetric IQR trimming at both ends—showed that the trajectories were nearly identical,
differing only at the extremes of the age range. This convergence indicates that the ob-
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served developmental pattern is not an artefact of a particular cleaning rule and that the
final curves are robust to reasonable analytic choices.

4.3. Discrimination of Clinically Flagged Cases

Although children with reported medical or developmental concerns were excluded
from the normative dataset, their FLI-P(J) scores were later reintroduced and plotted
against the Japanese reference curves. This provided a preliminary check on whether the
instrument behaves in a clinically meaningful way.

As detailed in Results and shown in Figure 4, the majority of children with identified
hearing or language concerns scored at or below the 5th percentile, consistent with prior
work showing that FLI-P scores are sensitive to the effects of hearing impairment and to
the benefits of early intervention [3,4]. However, a subset of each group scored within or
above the typical range, and one child with reported language delay scored well above
the 95th percentile. This suggests that FLI-P(J) has the potential to differentiate many chil-
dren with hearing or language difficulties from their typically developing peers, while
also highlighting heterogeneity within clinically identified groups that cannot be fully ex-
plained with the available data. Given the small number of children with reported hearing
concerns (n =9) and the absence of independent audiological or diagnostic confirmation
for either clinically flagged group, these overlays should be interpreted as preliminary evi-
dence of the FLI-P(J)’s potential clinical applicability rather than formal validation of its di-
agnostic or screening properties, which will require study in an independently confirmed
clinical sample.

4.4. Clinical and Research Implications

Taken together, the normative curves and clinical overlays provide initial evidence
that FLI-P(]) is both feasible and informative as a tool for monitoring listening develop-
ment in Japanese-speaking children. This kind of ongoing, quantifiable progress monitor-
ing complements comparative research on early intervention approaches themselves [14],
together supporting more individualized decision-making for children with hearing loss.
For clinicians working in early intervention, cochlear implant, or hearing-aid programs,
the Japanese percentile curves can serve as a reference when interpreting an individual
child’s FLI-P(J) score: scores substantially below the age-appropriate percentiles may
prompt closer monitoring, more intensive intervention, device management or further as-
sessment, whereas scores within or above the typical range may provide reassurance that
a child’s functional listening is on track relative to typically hearing Japanese peers.

For operational guidance, we consider the space between the 16th and 84th percentiles
to represent the typical range for a given age. Scores falling below the 16th percentile may
warrant additional attention and investigation; however, we emphasize that this threshold
is provisional and has not yet been formally validated against independently confirmed
clinical outcomes. For children whose scores fall within the typical range but toward its
lower end (e.g., between the 16th and 50th percentile), we do not consider this pattern
alone to indicate a clinical concern, given the normal variability inherent in caregiver re-
port; such scores may nonetheless support a recommendation for continued monitoring
rather than definitive reassurance, particularly when considered alongside other develop-
mental indicators.

For researchers, the present baseline allows FLI-P(J) data from children with hearing
impairment to be expressed in terms of age-referenced percentile ranks and, where age-
specific means and standard deviations are available, as z-scores. This standardization
facilitates comparison across studies and across languages. The rich set of demographic
and home-environment variables collected alongside the FLI-P(]) also opens the door to
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future analyses examining how factors such as parental education, reading practices, and
early intervention participation relate to functional listening trajectories.

4.5. Strengths and Limitations

Important strengths of this study include the large sample size spanning the full early
childhood age range, the systematic translation and adaptation process, and the explicit
comparison of alternative outlier-handling strategies. The use of an online panel enabled
efficient recruitment and ensured that each month of age was represented by multiple re-
spondents, supporting stable estimation of percentile curves.

Several limitations should also be acknowledged. First, because the normative sample
was drawn from an incentivized, opt-in commercial caregiver panel, and eligibility (typ-
ical hearing, absence of developmental concerns) relied entirely on caregiver self-report
without independent clinical verification, the sample is subject to potential selection bias
(caregivers who join and remain active on paid panels may differ from the general pop-
ulation), reporting bias (caregivers may under- or over-report developmental concerns),
and misclassification bias (some children screened as “typically hearing” may have un-
detected impairment, and vice versa). Second, all data were based on caregiver report;
audiological status and developmental diagnoses were not independently verified, and
we did not assess test-retest reliability or inter-rater agreement in this study. This is a
limitation shared by many caregiver-completed developmental screening tools. A recent
review found that psychometric properties such as reliability are inconsistently established
across the field [15], underscores the need for formal reliability and validity testing of the
FLI-P(]) in future work. Third, because all caregivers completed every item rather than
stopping after six consecutive “Rarely” responses, the online administration format pri-
marily differs from standard clinician administration in respondent burden rather than in
the resulting score. It was not uncommon for caregivers to report a “Mostly” response to
at least one item following a run of six consecutive “Rarely” responses (405 of 2512 chil-
dren in the final sample, 16.1%); consistent with the standard FLI-P stop rule, these later
“Mostly” responses were not counted toward the total score, since a clinician administer-
ing the assessment face-to-face would never have reached those items. The reconstructed
score is therefore expected to closely approximate what would have been obtained under
standard clinical administration, with the primary practical difference being the additional
time required for caregivers to complete items beyond the point at which testing would
typically have been discontinued. It should also be noted that a clinician experienced in
administering the FLI-P may apply the “Mostly”/“Rarely” response criteria more consis-
tently than a caregiver encountering the instrument for the first time in self-administered
questionnaire form, introducing a further source of measurement variability that is not ad-
dressed by the scoring reconstruction described above. Finally, the present analyses were
cross-sectional and focused on children with typical hearing; we have not yet modelled lon-
gitudinal change within individuals or formally evaluated the instrument’s sensitivity to
intervention effects in Japanese children who are deaf or hard of hearing. In addition, the
sequential exclusion criteria (medical screening, zero-score removal, and IQR trimming)
were applied subjectively, even if based on standard practice. The zero-score exclusion in
particular may have removed valid responses from children with genuine developmental
delays. The present study provides preliminary normative curves and establishes feasibil-
ity, but it does not constitute a full psychometric validation.

5. Conclusions

Future work will extend this foundation in several directions. Item-level psychomet-
ric properties (e.g., item-response models, reliability estimates) and the sensitivity of these
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curves to intervention effects remain to be examined. First, FLI-P(]) should be adminis-
tered longitudinally to cohorts of Japanese children with hearing impairment enrolled in
early intervention and cochlear implant programs, allowing evaluation of growth trajecto-
ries relative to the normative curves and comparison with outcomes reported in English-
speaking settings. Second, psychometric analyses (e.g., item-response modelling, reliabil-
ity estimates) are needed to examine the internal structure of the Japanese version and to
confirm that items function similarly across age and, where relevant, across subgroups.
Third, the rich contextual data collected in the present survey can be used to explore how
demographic and home-environment factors relate to functional listening, potentially iden-
tifying modifiable aspects of the child’s environment that support listening development.
Finally, building on the existing digital FLI-P platform already in use in clinical programs,
a Japanese-language module incorporating the FLI-P(]) items and norms could facilitate
routine monitoring, automated score calculation relative to Japanese reference data, and
user-friendly visual feedback for clinicians and parents in Japan to understand a child’s
listening development. As access to digital FLI-P tools is expanded beyond clinicians to
parents and caregivers, integrating FLI-P(J) into these systems would also enable more
direct, family-facing monitoring of functional listening development. Future validation
should include three pillars: (1) recruiting children with confirmed clinical diagnoses to
verify curve sensitivity; (2) prospective longitudinal tracking of children scoring below the
16th percentile; and (3) examining the predictive validity of the FLI-P(]) for later Japanese
language outcomes.

In summary, this study provides preliminary normative reference curves for the
Japanese version of the Functional Listening Index —Paediatric and demonstrates the fea-
sibility of administering FLI-P(J) in an online caregiver-survey format. The resulting base-
line offers a crucial starting point for applying FLI-P(]J) in Japanese clinical and research
contexts and for evaluating the listening development of children with hearing impairment
relative to their typically hearing peers.
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