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ABSTRACT

The goal of this study was to evaluate the extent to which
implicit voice familiarization via an interactive computer
game can improve children’s ability to recognize words
presented in classroom noise. Children’s (8-12 yrs.) closed-
set word recognition was measured in a classroom noise
masker before and after voice familiarization. Target words
were spoken by two females, one the children would be
familiarized with (“familiar talker”), and one they would
not (“unfamiliar talker”). Following the pre-test, children
were given a take-home computer game, designed for this
study, to be played for 10 minutes a day for 5 days. During
the game, children heard one voice (“familiar talker”)
instructing them to move their avatar towards various
objects. Children then returned to the lab for the post-test.
To evaluate the benefit of voice familiarity and test for
generalization effects, four conditions were tested (pre- and
post-gameplay): (1) familiar talker, familiar words, (2)
unfamiliar talker, familiar words (3) familiar talker,
unfamiliar words, and (4) unfamiliar talker, unfamiliar
words. Working memory, attention, and inhibitory control
were measured using the NIH toolbox cognition subtests.
Preliminary results indicate word recognition improved for
conditions with the familiar talker, highlighting the
importance of knowledge-based factors during children’s
speech-in-noise recognition.
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1. INTRODUCTION

It is well established that children are significantly poorer at
understanding speech in the presence of background noise
compared to adults [1-4]. This is despite a mature
peripheral auditory system by the first year of life. This is
believed to be due, in part, to children’s immature sound
segregation and selective attention, as well as their reliance
on cue redundancy [5-6]. This suggests that children need
years of listening experience and neural maturation to
perform like adults when recognizing speech in noise. The
focus of the current study is whether increasing listening
experience with a specific voice via gameplay can improve
children’s speech recognition abilities. A child’s age and
listening experience are thought to play a critical role in the
development of the skills needed to understand speech in
noise. At the extreme end, absent or altered auditory input
can interrupt or delay development of these processes, as in
the case of early hearing loss [7-9]. However, individual
experiences with specific auditory stimuli can also impact
perception of that stimuli, including for listeners with
typical hearing [10-13]. Experience with a talker’s voice,
like experience with a language, can also impact subsequent
understanding of that voice. This is thought to be related to
the listener’s internal representations of the talker’s voice
characteristics, which become more consistent through
exposure. For adults, this experience, or familiarity, with a
talker’s voice results in improved word and sentence
intelligibility, improved recognition memory, and decreased
processing time [14-15]. Repeated exposure to a voice,
increases the fidelity of the internal representation of that
talker’s speech, leading the listener to better attend to and
understand that talker’s speech in degraded or noisy
conditions, suggesting that familiarity can facilitate stream
segregation and selective attention. Talker familiarity may
be especially important for children, given their limited
attention, slower processing speeds, and inability to rely on
any single acoustic cue when making phonetic distinctions
[16-20]. Considering that speech cues are further reduced
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by reverberation, this may be especially important for
understanding speech compromised by poor classroom
acoustics [21-22]. If children experience an advantage from
hearing a familiar voice, the improvement in speech
processing could free up cognitive resources for other tasks.
Evidence shows that children can store information about a
speaker to retrieve and use at a later time [23], similar to
what has been found in adults [24-27], but research is
limited regarding children’s recognition of speech produced
by familiar voices in noise.

The current study examines how experience with a talker’s
voice (talker familiarity) impacts children’s speech
recognition in typical classroom noise. Studies of familiar
talkers have shown that listeners of all ages (infants to
adults) understand speech in quiet better when it is spoken
by a familiar talker than an unfamiliar talker [28-32].
Talker-specific information provides additional acoustic
information (FO and VTL, idiosyncratic articulation,
prosodic/thythmic patterns) that listeners might rely on to
aid segregation and selective attention in the presence of
competing sounds [33]. Explicit talker training in children
has also been shown to improve word recognition [34].
However, implicit familiarity has received less attention
despite this being how most listeners become familiar with
a voice. Evidence from adults show they are able to identify
voices at a more difficult SNR if they had been implicitly
exposed to that talker. Moreover, adults were able to
transfer this knowledge to novel words for the familiar
talker [34], suggesting that implicit voice training can
confer a familiarity benefit.

The current project used a one-group pretest-posttest
experimental design to explore the impact of implicit voice
exposure on children’s ability to recognize words in
classroom noise to determine if short-term implicit
familiarity with a voice can improve their speech
understanding. Implicit voice familiarization occurred via
an interactive computer game. Before and after implicit
familiarization, children completed a word recognition task,
using a digitized version of the Word Intelligibility by
Picture Identification (WIPI) test [35]. The target words
were spoken by two different female talkers, one who
children would be familiarized with in the game, and one
who would remain unfamiliar. Implicit voice familiarization
occurred by having children play a 10-minute interactive
game once a day for five days. After five days, the same
WIPI test was given to each child again to determine if
hearing the voice during gameplay improved their word
recognition. For comparison, the WIPI test conditions
included (1) the familiar talker voice (heard during the
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game) and (2) an unfamiliar talker voice (not heard during
the game). Based on recent findings in our laboratory that
long term implicit familiarity with a talker (child's mother)
leads to improvement in speech recognition [36] and
evidence that short-term implicit voice familiarity impacts
adults [29,34], we hypothesized that children would
perform better for the words spoken by the target talker who
was also heard during the game they played. We expected
no differences between baseline and post-test for the
unfamiliar talker, used as a control condition. To evaluate
the effects of word familiarity and talker familiarity,
children were tested on words they heard in the game and
words not heard in the game. Best performance was
expected in the condition with the familiar talker and
familiar words.

2. METHODS

2.1 Participants

Twenty-four children (ages 8.1-12.9 years) were recruited
from the local Urbana-Champaign area. Criteria for
participation include (1) native speaker of English, (2)
normal hearing bilaterally, with thresholds <20 dB HL for
octave frequencies between 250 and 8000 Hz (ANSI,
2018), (3) no history of cognitive or language disorders, and
(4) home access to a laptop or PC (for the game). All
parents provided written informed consent and children
provided verbal assent prior to participation. Children were
paid $15/hour for their participation. The average study
payment was $30 for successful completion of the study. If
the child withdrew from or did not complete the study, they
were paid for the portion completed.

2.2 Word Recognition Stimuli

Target stimuli were the four lists of words (25 monosyllabic
words per list) from the WIPI test [35]. This is a closed-set
test developed to assess speech discrimination of young
children, adapted for the current study to be presented using
a computer. Two adult female talkers recorded the target
words. The female talkers were native English speakers
with a standard American English dialect and were from the
central Illinois area. Both talkers were 24 years old, and
both had an FO = 183 Hz (SD = 29). The speech was
recorded at a sampling rate of 44,100 Hz in a sound booth
using a high-quality condenser microphone (Shure-
KSM42) mounted 6 inches from the talker's mouth. The
targets were recorded with the carrier phrase "Go towards
the" prior to each word to ensure equal stress on the words.
After recording, all words were isolated and removed from
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the carrier phrase. Then, they were combined with one
carrier phrase selected from the recordings. One carrier
phrase was selected to ensure consistency among all the
trials. Before the experiment, all stimuli were normalized to
have the same long-term root-mean-square (RMS)
amplitude and were listened to by the investigator and
verified for clarity prior to use.

The masker was composed of classroom noise. Recordings
were obtained online via open-source format
(https://freesound.org/people/abcopen/sounds/166207/).
This noise was recorded in a primary school classroom and
included children chatter and tables and chairs being moved
around. The masker and target words were scaled to have
equal amplitude. All words were then combined with the
classroom noise masker using a custom script in Praat
[38]to have a SNR of -10 dB. The SNR was chosen based
on pilot testing.

2.3 Familiarization Game

Parents were given the game and game equipment to take
home. This packet included over-the-ear headphones (Sony
MDR-ZX110), a sound card (Behringer UCA222), and a
USB drive with the game. USB-C adapters (Aukey USB)
were also provided for participants using Apple computers.
They were also given detailed instructions and a game log
where participants tracked their progress. Participants used
this equipment for all procedures involved in this study
(word recognition and game). Listeners used their personal
computer or laptop to play the game. When the game was
opened on their computer, verbal instructions for the game
were spoken by Talker 1. The target words used in the
game are the same WIPI word lists (Lists 1 and 3) used in
the word recognition test. These words were used with the
exact carrier phrase as described above. Stimuli during the
game were presented in quiet (no masker). The same
pictures used in the word recognition test were used during
the game with the caveat that only two non-rhyming
pictures were presented together at any time (see Fig. 1). At
the introduction and ending screen, engaging music was
played but was never played at the same time as speech.
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Figure 1. A screenshot taken from the familiarization game
showing two images, two tokens, and the avatar that is
controlled by the user.

2.4 Procedures

Table 1 provides an overview of study procedures,
completed over a 7-day period. On Day 1, all participants
came to the lab and completed the word recognition test, at
which time all the voices and words were unfamiliar to
them. The WIPI test was completed in the laboratory via
Qualtrics (www.qualtrics.com). For this test, participants
saw six pictures on the screen and were instructed to click
on the word they heard. In this test, the child heard the
carrier phrase "Show me the," followed by the target word
spoken by a female talker. A feature of the WIPI test is that
the pictures displayed on any trial are all phonetically
similar by vowels. Therefore, while this was a closed set
task, the response set required fine-grained acoustic detail to
correctly identify the word compared to regular closed set
tasks. The screen automatically advanced to the next trial
after the participants responded. Performance was based on
number of items correct. There were four conditions and
each condition used one of the four WIPI lists. These
conditions were chosen to evaluate the effects of the
familiar talker and familiar words. All participants
completed all four conditions. Condition order was
counterbalanced across participants. Words within each
condition were presented randomly. Prior to participation,
there were two practice trials (with a voice not used in the
main experiment) to ensure understanding of the task. All
participants understood the task. Participants completed the
word recognition test on Day 1, before playing the game,
and then again on Day 7, after playing the game.
Participants were instructed to wear the provided
headphones and sound card while taking the test.
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Table 1. Timeline of procedures for each participant.

Day 1 Day 2-6 Day 7

WIPI in lab Game play at WIPI in lab
(pretest) home (posttest)
Talker 1 & 2 Talker 1 (List 1 & | Talker 1 & 2
(Lists 1-4) 3) 10 min./day (Lists 1-4)
Closed set Move avatar to Closed set
picture-pointing | collect tokens picture-pointing
-10 dB SNR Words in quiet -10 dB SNR

After completing the baseline word recognition test,
children were given the packet to take home containing the
game, headphones, and a soundcard through which the
game audio was routed. The child and their parent were
given clear instructions for how to connect the equipment
and play the game. The same headphones and soundcard
were used in the word recognition tests. Participants were
told they would be playing a short child-friendly computer
game that was designed for the purposes of this study.
Custom laboratory software was used to create the game.
Talker 1 (“familiar talker”) provided instructions at the
onset of the game and indicated actions to take during the
game on each level with the intention to familiarize the
listener with that voice. Participants were instructed to play
two levels of the game once per day for five days. The same
pictures used in the word recognition test were used during
the game with the caveat that only two non-rhyming
pictures were presented together at any time (see Fig 1).
During the game, the participant used computer keys to
move towards images corresponding to those words spoken
by Talker 1 (e.g., "Go towards the chair"). Each time the
participant moved toward the correct picture, a token was
given to the participant, and the game continued. If the
participant did not go toward the correct picture, no token
was given, and the game continued. The goal of the game
was to collect as many tokens as possible. The game
continued for approximately 10 minutes (5 minutes per
level). At the end of each level, the participant was given
their token total. The game ended after all the words had
been spoken, regardless of the participant’s performance.
Once started, the game was locked until the participant
completed both levels, and thus participants could not end
the game prematurely. Participants (or their parents) kept a
log of the gameplay using the "Jungle Jogger Game Log".
The purpose of this game was for the child to hear/be
exposed to the person's voice guiding the game. They
completed the word recognition test the day after the fifth
training day (Day 7). Five days of training were chosen
based on previous data showing that this amount of training

is sufficient to elicit the talker familiarity advantage in quiet
[39].

Given that working memory and inhibitory control are
among the key cognitive abilities thought to support speech
processing in noise [40-41], and to account for individual
differences in performance, all children completed two
tablet-based NIH Toolbox Cognition Battery subtests after
the final word recognition test. These were (1) List Sorting
Working Memory test (LSWM), and (2) Flanker test of
Selective Attention and Inhibitory Control. Standard scores
were used to represent each construct in the statistical
models to evaluate their impact on pre- and post-gameplay
word recognition scores.

3. RESULTS

A total of 24 participants were recruited for the study.
However, one participant was mistakenly tested on the
incorrect pre-test due to experimenter error, and another
participant was unable to return for post testing due to his
mother’s illness. Therefore, they did not complete the study
and their data were excluded from the analyses. The data
from 22 participants was analyzed.

When first examining baseline performance, recognition
scores across all four lists appeared to be roughly equal. The
percent correct baseline scores (out of 25) for Condition 1:
73% (SD=8), Condition 2, 71.1% (SD=7), Condition 3,
70% (SD=11), and Condition 4, 71% (SD=9).
When considering performance following gameplay, the
largest improvement appeared to be in Condition 1, which
had both the talker and the words heard during game play
(Familiar Talker/Familiar Words; see Fig. 2). The mean
improvement for this condition an increase of 11%. The
mean improvement in Condition 2 (Unfamiliar
Talker/Familiar Words) was 6%, Condition 3 (Familiar
Talker/Unfamiliar Words was 1%, and Condition 4
(Unfamiliar Talker/Unfamiliar Words) was 4%. In other
words, out of 25 possible points, the mean improvement for
Condition 1 was 2.8 points (SD 2.8), Condition 2 was 1.5
points (SD 2.4), Condition 3 was 0.4 point (SD 3.5), and
Condition 4 (Unfamiliar Talker/Unfamiliar Words) was 1.2
points (SD 2).

To examine the statistical significance of these trends,
generalized linear models (GLMM) were fit using the
listeners’ binary responses (correct or incorrect recognition
score on each trial). The independent variables included the
List Condition, timepoint (before or after gameplay), and
child age. Two models (pre- and post-gameplay) were used
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to analyze the effects of talker familiarity and word
familiarity on speech recognition, including condition (List
1-4) and (age).

When considering the baseline, pre-gameplay conditions,
the model showed no statistically significant difference
between the lists, p > 0.10. The model did find a statistically
significant difference in the post training conditions.
Children were able to correctly recognize 84% of words of
list 1 (familiar talker, familiar words), 78% of words of list
2 (unfamiliar talker, familiar words), 70% of words of list 3
(familiar talker, unfamiliar words), and 75% of list 4
(unfamiliar talker, unfamiliar words). Tukey’s post hoc
comparisons for the post-gameplay conditions showed a
statistically significant difference in speech recognition
between lists 1 and 2 (X?=-0.40, p=0.047), lists 1 and 3
(X*=-0.80, p<0.001), lists 1 and 4 (X*>=-0.52, p=0.003), and
lists 3 and 2 (X= -0.40, p=0.021), wherein list 1 scores
were better than lists 2-4, and list 3 scores were also lower
than list 2.

Child age also showed a significant effect on the pre-
gameplay (baseline) conditions, such that performance was
better for older children compared to younger children
(X= -0.008, p=0.007). However, the model for the post
training (figure 2B) condition did not show any effect of
age, with the exception of List 4 (unfamiliar talker,
unfamiliar words), wherein performance increased as the
age increased (X*= -0.06, p=0.008).

Two models were also used to analyze the effect of WM
and IC on speech recognition scores for the pre and post
gameplay conditions. Both models showed no statistically
significant effects of WM and IC on speech recognition.

85%

80% 1

speech recognition (%)

70% 4

Post
Pre

Unfamiliar Talker Familiar Talker Unfamiliar Talker
Familiar Words ~ Unfamiliar Words  Unfamiliar Words

Familiar Talker
Familiar Words

Figure 2. Pre- and post-gameplay speech recognition
scores (% correct) for each condition.

4. DISCUSSION.

The goal of the current study was to determine if implicit
familiarization with a voice via an interactive game can
improve word recognition in noise for children. Prior to
playing the game, children showed similar baseline word
recognition performance across all test conditions,
indicating similar difficulty across conditions. After playing
the game for 5 days, totaling 50 minutes of voice exposure,
mean scores improved only in the test condition with the
familiar talker and the familiar words. These results suggest
that while short-term implicit familiarization may lead to
improvement in children’s word recognition, the advantage
is does not generalize to unfamiliarized words. For the
conditions with the unfamiliar voice, there no significant
improvement after playing the game when only the target
words were familiar (Condition 2) or when the target words
were unfamiliar (Condition 4). The lack of improvement for
these conditions suggests that children relied on familiarity
with both the voice and the words, and not just the words
alone. There was also no significant improvement in word
recognition performance when the words and voice were
both unfamiliar, suggesting that the improvement observed
in Condition 1 was not due to practice effects from taking
the test at two time points, as this would be expected to be
evident across all conditions. However, the absence of
improvement for the condition with the familiar words and
the unfamiliar voice indicates that children only benefit
from the combination of having experience with both the
words and the talker, but not one or the other. This may
suggest that children’s internal representations of the
talker’s voice characteristics do become more consistent
through exposure, but that effects of this exposure are only
evident when those representations match directly to what
they have been exposed to. This could suggest that both
talker and word familiarity combined may facilitate word
recognition, possibly by improving stream segregation and
selective attention for the familiarized stimuli.

The lack of generalization to words not played in the game
was not consistent with our predictions. Prior studies in
adults have shown that familiarity with a voice improves
perception and this improvement generalizes to novel
words. [42-43]. This does not appear to be true for children
and brings into question whether there is a developmental
effect in generalizability from talker familiarity. While
there is very limited research on talker familiarity effects in
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children, at least one prior study showed similar effects as
our current findings in a group of infants. Infants listened
significantly longer to words in noise spoken by their own
mother, as long as the infants had been familiarized with the
words [28]. That is, familiarity effects for their mother’s
voice were not observed for novel words. The current study
extends those findings to school-age children with a voice
that they have had much less exposure with compared to
their experience with their own mother’s voice.

Studies of toddlers have shown that they are able to
generalize talker-specific knowledge to novel words
following brief exposure to accented speech, but this was
when perceiving speech sounds in quiet. The current work
suggests that adding noise might impact children’s ability to
generalize their learning. The added difficulty resulting
from the noise may force the child to rely on familiarity
with multiple sources in order to obtain an advantage. This
would be consistent with research suggesting children rely
more heavily on access to redundant acoustic speech cues
when recognizing speech in the presence of other sounds.
Speech recognition in noise is more difficult for children
than for adults, and this is thought to be due not only to
immature segregation and selective attention but also an
inability to recognize speech based on sparse cues [5]. It
may be that in noise, children in the current study were able
to utilize the internal representations only if they were fully
consistent with the speech heard in game. Additional
considerations of word familiarity and generalization effects
will be examined in future studies. Given that all words in
the study were familiar to the children, baseline word
familiarity is not believed to have played a role in the
findings. However, additional exploration into the effects of
noise and listener age on these processes is needed.
Moreover, additional exposure to the voice may be needed
to observe a generalizable effect on speech recognition. The
current manipulation of only 50-minutes of exposure may
have been too little to have shown an effect, especially in
our small sample. Future directions will explore these
findings using sentence stimuli and open-set tasks to avoid
confounding factors associated with becoming familiar with
the pictures used in the task.

The findings related to child age and cognition were counter
to our predictions. The effects of child age were expected to
impact performance in both pre- and post-test conditions,
based on prior data [1-6]. However, age effects were only
present at baseline, and were no longer observed following
gameplay, except for the condition with both an unfamiliar
talker and unfamiliar words. This suggests that short-term
exposure to either a talker or a list of words may lead to a
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reduction in age effects. This could indicate a potential
interaction between age, recognition, and familiarity, but
additional work is needed to tease apart this finding. In
addition, although the sample size was relatively small, the
results indicated that neither working memory nor selective
attention was predictive of performance. This was observed
across all timepoints, suggesting that these two tests do not
assess the processes responsible for individual differences
in speech recognition in the present study, nor the ability to
benefit from short-term implicit talker familiarity.

In conclusion, the findings from this preliminary
investigation indicate that short-term implicit talker
familiarity can impact children’s speech recognition,
highlighting the importance of knowledge-based factors
during children’s speech-in-noise recognition. Children’s
word recognition with a specific voice improved after being
exposed to that voice via an interactive computer game
played for 10-minutes a day for 5-days, at least for the
words they heard that voice speak in the game. The lack of
generalization to words not heard in the game could
indicate children may rely more on a combination of
acoustic familiarity cues when recognizing speech in noise.
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