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ABSTRACT
Parent-training is commonly used to support intervention of
children with language delay. Unfortunately, parents find it
difficult to apply the training to their child in everyday life and
often give up on their parent-child interaction. In this work,
we propose and evaluate TalkLIME – a mobile system that
provides real-time feedback to improve the parent-child in-
teraction and reinforce parent-training intervention. We first
conduct a survey to understand parents’ feedback preference
for the mobile system and determine that a non-invasive feed-
back using the mobile phones screen is preferable. TalkLIME
was developed to provide real-time feedback through the mo-
bile phone screen while also providing motivation to the par-
ents to consistently continue parent-child interaction through
both short-term and long-term goals. A six-weeks user study
was conducted with eight parents and their children with lan-
guage delay. Our results show that the experimental group
who used TalkLIME showed a significant improvement in the
child’s initiation ratio, an important metric in the language
development of children.
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INTRODUCTION
Communication is an important aspect of our everyday lives
and has a significant impact on our social relationships and
academic achievements [21]. Speech-language development
begins during early childhood, and development (or the lack
of development) during childhood can have a lasting impact.
As a result, properly identifying language development delay
at a young age is important. Once a language delay is identi-
fied, it is necessary not only for the child to undergo therapy
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but parent-training is as important since child’s environment
has a significant impact on child’s language development. In
particular, the speaking habit of the parents (or caregivers)
has a significant influence on the child. Over decades of re-
search, Speech-language Pathologists (SLPs) have shown that
effective parent participation or involvement is critical in the
treatment of language delay in children [17, 5].

While parent-training can have the positive impact on the
children, it is often difficult for parents to apply what they
learned within their home environment. The SLPs often en-
courage the parents to spend 10-15 minutes 1 each day with
their children to apply what the parents have learned [17, 5].
While 10-15 minutes is not a lot of time, unfortunately, it
can feel like a long time for the parents for various reasons.
It is also often a challenge for the parents to know whether
they are correctly practicing what they have learned through
parent-training. In this work, we propose and evaluate Talk-
LIME 2 – a mobile system that provides real-time feedback to
the parent to improve the parent-child interactions with chil-
dren that have the language delay. Based on the preliminary
studies that we conducted, the objectives of our proposed sys-
tem were the following:

1. Improve the parent-child interactions through a real-time
feedback that is not disruptive.
2. Increase the parent’s motivation to continuously engage in
parent-child interactions.
3. Provide feedbacks on child’s language development.

To provide a feedback that was not disruptive, we designed a
mobile system where the phone screen was used to provide
real-time feedbacks to the parents. We also simplified the
system to make it easier for the parent to use – e.g., instead
of requiring multiple devices [14], TalkLIME only required a
single smartphone device. To motivate the parents to contin-
uously use the system and engage in parent-child interaction
sessions, we provided a timer to set a short-term goal for one
session of parent-child interaction. In addition, TalkLIME
provided historical statistics on how the child’s language de-
velopment changed over time. By providing a comparison to
statistics of children without language delay, TalkLIME pro-
vided a long-term goal for the parents.

1We refer to this as parent-child interaction session in this work.
2TalkLIME stands for Talk Less Is MorE as it is often better for
parents to talk less to enable the children to talk more and have them
initiate.
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We conducted a 6-week user study with 8 parent-child partic-
ipants and evaluated the impact of TalkLIME both quantita-
tively and qualitatively. The number of utterances is an im-
portant metric in child language development [17] but a more
important metric is the initiation – i.e., the number of utter-
ances that the child initiates. Our user study shows that Talk-
LIME resulted in significant improvement children’s initia-
tion ratio. We also provided qualitative analyses based on the
post-study interview that showed TalkLIME helped the par-
ents to understand parent-child conversation status through
real-time feedbacks; TalkLIME also motivated the parents to
continue parent-child interactions consistently by providing
both short-term and long-term goals.

BACKGROUND AND RELATED WORK

Children with Language Delay and Intervention
Children with language delay are defined as children who
do not acquire language as expected for their chronological
age [15]. These children are slow in acquiring new words and
also start to combine words into phrases later in their devel-
opment compared to children with typical development [16].
Thus, children with language delay have difficulty in inter-
acting with their parents and carrying out a conversation [4,
28, 25]. To identify children with language delays, standard-
ized tests are commonly used by Speech-language Patholo-
gists [24].

Early intervention in children with language delays can be
performed in two ways [2, 15]. One approach is clinical-
based intervention with SLPs and another method is a home-
based intervention with the parents of children with language
delay. Prior to home-based intervention, parent-training is
done where strategies for promoting their child’s language
development and facilitating parent-child interaction is pre-
sented. It has been shown that intervention is more effective
when home-based intervention is started at a young age for
the child with a language delay [17]. While the guidelines
provided by SLPs are often very clear, it is not necessarily
easy to follow all of the guidelines for the parents and be-
comes a challenge. In this work, we propose a mobile system
that provides intervention to help parents.

Device Support for Children with Language Disorders
Speech-language pathologists have begun to use “smart” de-
vices for the early identification of language delay or to as-
sist children with language delays have increased. Jeon et
al. [18] explored an alternative AAC (Augmentative and Al-
ternative Communication), with a robot to assist therapists in
interventions with nonverbal children. Mohammed et al. [13]
customized interactive speech-enabled games to help chil-
dren who have language problems produce more intelligible
speech with appropriate speech rate, typical pitch, and am-
plitude. LENA (Language ENvironment Analysis) [22] is a
commercial device that can analyze the child’s language en-
vironment influencing the child’s language development. The
device records the child’s voice (and surrounding sound) for
an entire day and then, analyzes the data off-line. While
LENA can provide many benefits, it has some limitations.
In particular, the cost of the system is relatively expensive

(∼$700) while our work leverages smartphones that are com-
monly available. In addition, LENA is a simple, passive de-
vice that only records the voice (and conversation) and do
not provide any analysis itself or provide any feedback while
TalkLIME that we propose enables real-time feedback during
the parent-child interaction.

Children Care with Smartphone
There have been many recent works that leverage smart-
phones for infant/children care. Some examples include Bili-
Cam to help monitor newborn jaundice at home [7], providing
guidelines for caregivers of high-risk infants [23] and reg-
ulating smartphone usage among children [19]. Recently,
researchers have explored the opportunities to leverage the
technology to not only support parents but also provide inter-
vention. Slovak [31] proposed a technology-based interven-
tion to support parent-child interactions that could reinforce
social-emotional skills learning at home. MOBERO [32] is a
smartphone-based system to assist families of children with
attention deficit hyperactivity disorder (ADHD) by encourag-
ing the children to become more independent. TOBY [33]
helps parents start early intervention for their children with
autism to improve their child’s abilities such as attention,
memory, and recognition [33]. Pina et al. [27] presented a
mobile application to help parents who have children with
ADHD by detecting emotions of the parents and sending sup-
portive messages and pictures to the parents. TalkLIME that
we propose is similar as we also exploit the mobile system to
provide intervention to the parents; however, the focus of this
work is on parent-child interaction for children with language
delay.

This work shares some similarity to TalkBetter [14] which
also motivated a need for a mobile system to provide feed-
back to the parents of children with language delay. While
TalkBetter provided a survey-driven study (of both SLPs and
parents) to motivate the need for such system, no user study
was done to test the effectiveness. The TalkBetter system also
assumed that the feedback to parent was provided through a
separate earphone. While this approach can provide a clear
feedback, it can be disruptive to the parent; in addition, the
intervention can be bothersome when the feedbacks are trig-
gered because of errors in the system. Another drawback of
the TalkBetter is the relatively complex system for a parent
who is not proficient in technology since it requires 4 devices
– two smartphones, a bluetooth mic, and a bluetooth headset.

OVERALL STUDY PROCEDURE
A high-level overview of our study procedure and methods is
summarized in Figure 1 and consists of 3 phases.

Phase 1: The first phase consisted of preliminary studies to
design our TalkLIME system – consisting of two separate
interview-driven parent studies and a data-collection study.
The first preliminary study was to understand parents’ dif-
ficulties in continuously practicing what they learned from
parent-training at home. The second preliminary study fo-
cused on how feedback should be provided to the parent
through the mobile system. These two preliminary studies
impacted the TalkLIME mobile system design used in our
user-study. In addition, we collected data to understand the
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Pre-test

• 8 participants (1y9m ~ 3y2m)
• 1 session (25minutes)
• Baseline measurement

Intervention (6 weeks)

Control Group(N=4) Experiment Group(N=4)

smartphone

Post-test

• 8 participants (the same as pre-test)
• Evaluate the effect of 6-weeks intervention

• Both groups’ parents attend parent education once a week and 
attempt to apply it at home.

• The experiment group uses TalkLIME to help parent-child session, 
whereas the control group does not use TalkLIME.
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Parent Study A
• Participants

10 parents who had experienced parent-training
• Method

Face-to-face interviews
• Goal

Exploring the general difficulties of performing the parent training 

in everyday lives 

Data Collection
• Participants

119 children without language delay
• Method

Played with the child to collect       
utterances

• Goal

Measuring the average number 
of utterances of children without 
language delay

Statistics of children without
language delay

Guidelines for system design
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• Participants

9 parents who have children
• Method

Feedback type testing

• Goal

Finding most  appropriate                     
feedback type to inform
conversation advice

Parent Study B

• Screen-based real-time feedback

• Motivate parents with a timer for short-term and a statistical 

graph for long-term 

• A single smartphone

TalkLIME
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Figure 1. Overall study procedure.

average number of utterance for children (age: 2∼5) to pro-
vide some guidance for parents as part of the mobile system.

Phase 2: The TalkLIME system was implemented in this
phase with the following key characteristics.
(1) Simplify system setup by building the system with a sin-
gle smartphone.
(2) Provide less-disruptive screen-based real-time feedback
for parents.
(3) Motivate parents by setting goals with a timer for as a
short-term goal and a statistical graph for as a long-term goal.

Phase 3: A user study was conducted to evaluate the impact
of TalkLIME system. The pre-test was first done to establish
the baseline for both the children and the parents. During the
intervention sessions of 6 weeks, the parents were divided
into a control group and an experiment group. All parents
received parent-training one session per week during the in-
tervention, but only the parents in the experiment group were
provided with the TalkLIME system. After finishing the in-
tervention sessions, a post-test was done in the same manner
with the pre-test to assess the changes in the children’s lan-
guage development from the pre-tests, we also conducted a

Common problems from parents TalkLIME
Difficult to know if parents are properly provide real-time feedback [14]practicing their parent-training

Difficulty in continuously provide a timerinteracting with the children
Difficult to know if child is improving provide data-driven interface and statistics

Less disruptive intervention use-screen-based feedback
Increase accessibility use a single phone-based system

Table 1. Summary of the different common problems faced by par-
ents that we identified in our preliminary study and how TalkLIME ad-
dresses them

post-test interview with the parents to qualitatively analyze
the impact of TalkLIME.

PRELIMINARY STUDY

Difficulties in Parent-child Interactions at Home
In our initial preliminary study, we interviewed 10 parents (10
females; ages: early 30 - early 40) who have children with
language delay and have had experienced parent-training.
Our goal was to better understand the difficulties in practicing
parent-child interactions at home. The interviews were con-
ducted face-to-face at their home or at language therapy cen-
ter, with each interview lasting 30 minutes. The main ques-
tions asked were the following.

• Were parent-training helpful?

• Did you practice parent-child interactions continuously at
home? If not, what were the difficulties?

• Did you ever stop or give up during a parent-child session
at home? If so, why?

All of the interviews were recorded. All 10 parents unan-
imously answered that parent-training was very helpful in
their parent-child interactions. However, by coding and it-
eratively clustering the interview data, we identified the two
main difficulties in the parent-child interaction – the need
for feedback to determine whether they are correctly prac-
ticing what they learned in parent-training and the motiva-
tion to continuously practice what they learned through the
daily parent-child interaction. However, the first difficulty
was knowing whether the parents were properly practicing
what they learned during parent training – similar to the ob-
servations made in TalkBetter [14]. The parents often ex-
pressed that they made a lot of mistakes even though they
were trained on how to interact with their children from the
parent-training. The second difficulty was staying motivated
during the parent-child interaction, both for the short-term
(i.e., finishing a single parent-child interaction session) and
long-term (i.e., continuing to carry out a parent-child inter-
action session). It has been shown that language improve-
ments in a child often take a long period of time (e.g., sev-
eral months) [35, 3]. Although most parents are initially ea-
ger to apply their parent-training, they gradually lose inter-
est and motivation when they feel that their child’s language
development is not improving, even after putting in signifi-
cant effort and time. “I was initially really eager to improve
my child’s language development and tried many different
parent-training. However, I soon got tired when I could not
see any improvement in my child.” In addition, while 10-15
minutes is not a lot of time, for parents tired from work or
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house chores, spending this 10-15 minutes can be tiresome –
especially since children with language delay rarely provide
any reaction to their parents during an interaction session –
and results are some parents losing motivation and giving up:
“I tried to talk more and more to my child, but when my child
continuously did not answer or react to me in any way, I was
exhausted as I was already tired from other things.”.

Design Implications: Based on the preliminary study, while
it is important to provide real-time feedback to the parents
during a parent-child interaction, another equally, if not more,
an important aspect was to prevent the parents from being
discouraged during their parent-child interaction sessions at
home. Even if the parent’s interaction does not necessarily
follow all of the guidelines from the parent-training, it is more
important for the parents to continue to interact with the chil-
dren [17] and thus, continuously motivating the parents was a
significant priority for our proposed system.

Efficient Conversation Feedback
We performed a separate preliminary study to understand par-
ent’s preference in how feedback is provided to them during
parent-child interaction session. 9 parents (9 females; ages:
early 30 ∼ early 40) who have a child (age: 2∼5) participated
in this study to understand the impact of different feedback.
For this study, we asked the parents to interact with their chil-
dren for approximately 30 minutes and the following three
type of feedbacks were evaluated.
1. Post-session feedback: No real-time feedback is given but

provided after the session by an SLP.

2. Sounds: With the assistance of an SLP, real-time feed-
back was provided using pre-recorded sound through an
earpiece [14].

3. Screen: With the assistance of an SLP, real-time feedback
was provided through a smartphone screen that was placed
near the parent.

During the 30-minute session, each parent was exposed to all
three type of feedback sequentially (i.e., each type of feed-
back for about 10 minutes) 3. The SLP observed the parent-
child interaction and gave the feedback when one of the fol-
lowing situations occurred: 1) the parent is speaking too fast,
2) the parent is not giving the child an opportunity to talk, 3)
the parent is interrupting when the child speaks, 4) the par-
ent is speaking in long sentences, and 5) the parents did not
respond to the child quickly.

The feedback was provided manually by the SLP using a sep-
arate smartphone to ”push” the feedback to the parent. For
the sound feedback, when appropriate, SLP would push a but-
ton and a pre-recorded voice was played on the parent’s ear-
piece. Similarly, for the screen feedback, the SLP would also
provide the manual feedback and a text message would ap-
pear on the smartphone that was placed near the parent. For
the post-session feedback, no real-time feedback was given
but the feedbacks were summarized at the end by the SLP
while the recorded conversation was replayed. In addition,
3The order of feedback was different each participant in order to
avoid any bias that might be created by the order of the feedbacks.

Advantage Disadvantage
Post-session Comprehensive feedback Not real-time feedbackfeedback with voice recording

Screen Check feedbacks Missed feedbackonly when they want

Sound Immediate feedback Very irritating
on incorrect feedback

Table 2. Results for the different type of feedback mechanisms.

the SLPs were asked to intentionally provide approximately
10-20% incorrect feedback – e.g., provide feedback “wait for
the child to speak” when the child is actually speaking alone.
Since any system is bound to have errors (e.g., difficulty in
analyzing voice, noise, etc.) and can generate incorrect feed-
back, we wanted to understand the impact of such errors with
the parents. After the tests, we asked the parents’ comments
on the strengths and the weaknesses of each feedback type.
We summarize the comments on the three different type of
feedbacks below.

• Post-session feedback: Almost half of the parents (4 out of
9) answered that post-session feedback was most efficient
because of its clarity since the SLP replayed the parent-
child interaction and provided the feedback. The parents
could realize their speaking habits: “I realized how I am in-
teracting with my child and how fast I spoke, and repetitive
listening and efforts to alter bad habits would be helpful to
interact with my child.” Interestingly, the remaining par-
ents found that post-session feedback would not be helpful
since it is not a real-time feedback and felt it would not
correct their habits: “Feedbacks after the conversation was
clear and not disruptive at all during the conversation, but
I’m not sure that I can remember and apply the feedbacks
directly in actual parent-child interaction.”

• Sound: Many of the parents (5 of 9) this feedback was ef-
ficient since it provides direct (and immediate) feedback.
However, all parents answered that the sound was most
distracting, especially when incorrect feedback was pro-
vided. One parent said, “I like the quick feedback provided
through the earpiece, but when it sent obviously incorrect
messages, I began to have doubts about the system and
started to ignore the feedback.”

• Screen: The screen feedback provides a trade-off between
sound and post-session feedback. The screen allowed real-
time feedback but it was less disruptive, compared with an
earpiece feedback through sound. In addition, this feed-
back was most error-tolerant as well.

Based on the preliminary study (Table 2), we selected the
screen interface to provide feedback since it was less disrup-
tive than using sound and is more tolerant of errors. Since
we were using a simple text message that appeared on the
screen (and then, later disappeared), the feedback can actu-
ally be overlooked by the parent. Thus, in our TalkLIME
implementation, we used a graphical interface that continu-
ously changes to reflect the current parent-child interaction.
This approach was also error-tolerant as well since explicit
messages were not provided to the parents.
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Language Developmental Comparison with Peer
In order to motivate parents, one of the important informa-
tion is to provide an average statistics for the same age as
their children for comparison. As a result, to gather the aver-
age number of utterances of children without language delay,
we tested 119 (age 2 : N=29, age 3–5 : N=30) children with-
out language delay. We visited children’s homes or schools to
gather spontaneous utterances from the children. One of the
researchers and a child played together in a quiet place, and
their conversation was recorded for approximately 30 min-
utes. To collect spontaneous utterances from the children,
the researchers were trained to control their communication
to focus on collecting spontaneous utterances from the chil-
dren. The children’s utterances were manually analyzed by
two different researchers for verification. We used a one-
way ANOVA to confirm the difference in the number of utter-
ances by age. There was a significant difference between age
groups (ρ <.05), and older children recorded a higher number
of utterances. This average number of utterances was used in
the data statistics provided to the parents in TalkLIME.

TALKLIME MOBILE-SYSTEM DESIGN
The goal of our TalkLIME system was to provide a less-
disruptive feedback system that uses the smartphone screen.
While the preliminary study used a simple text on the screen
to provide the feedback, one limitation of this was that par-
ents can miss the feedback if they are not aware of the screen.
In addition, as discussed earlier, the mobile system cannot
be 100% accurate in its analysis and feedback can be erro-
neously generated. To overcome these limitations while pro-
viding a simple interface, we design a screen that contains
two balls – one ball representing the parent and the other
ball representing the child. Based on the amount of utter-
ance, turn-taking, and initiation, the screen interface will be
changed to provide gradual feedback to the parent. The entire
system was built on an Android smartphone.

Application Description
The mobile system application consists of two modes – the
conversation mode and the result mode. As suggested by the
parent-training, the parents are encouraged to spend 10-15
minutes of quality time with their children and to focus exclu-
sively on applying what they learned during parent-training.
After selecting a time for the parent-child interaction session,
between 10-25 minutes, the system starts in the conversation
mode (Figure 2(b)). When the selected minutes are complete,
the result mode is shown (Figure 2(c)).

Conversation Mode
(a) The number of utterances – The size of the ball is pro-
portional to the amount of utterance. The upper ball repre-
sents the child’s utterances, and bottom ball represents the
parent’s utterance. The size of the ball changes based on the
number of utterances over the past 3 minutes. This metric was
empirically determined, given that larger values often result
in a minimal change in the utterance values, whereas smaller
values result in quick changes to the ball size. When the
child’s utterance is detected, the upper ball grows bigger and
the bottom ball becomes smaller relatively, and vice versa. To
count the number of utterances using the mobile system, an

utterance is counted if there is silence for at least 0.3 seconds
parent or child speaks. We experimentally chose 0.3 s via
tests, but this metric is consistent with prior work [6] that an-
alyzed the number of utterances. However, the actual number
of utterances also depends on the sentence and the context
of the word; thus, even if the speaker identification system
is perfectly designed without any errors, using the mobile-
system to determine the number of utterances will still result
in some inaccuracies.

(b) Initiation Ratio – The brightness of the ball is used to
represent the initiation utterance ratio of the total number of
utterance that he/she spoke. Initiation utterances must be in-
terpreted with meaning. For the same reason as utterance di-
vision, we predict one initiation utterance if someone speaks
after there was silence for 3 seconds before. We experimen-
tally chose 3 seconds or longer.

(c) Turn-taking – The glares in the ball determines who is
speaking and shows the turn-taking that occurs between the
parent and the child.

(d) Timer – When starting a parent-child interaction ses-
sion, parents select the time length. The timer bar shows the
amount of time remaining to motivates the parents by setting
a short-term goal.

(d) Smartphone cover – Based on our preliminary study,
children can be very interested in smartphones. To minimize
distracting the children, we used a smartphone cover to mini-
mize the amount of screen used for the feedback.

Result Mode
Following each conversation, the data analyzed for each con-
versation are saved; an example of a result is shown in Fig-
ure 2(c). By collecting and showing data from the previous
sessions, the parents are able to observe the change in the
number of utterances and the initiation ratio of the children
as a function of time. The number of average utterances of
the same age group is shown with a dotted line, motivating
the parents by setting a long-term goal.

Speaker Identification
The application calculates the number of utterances by clas-
sifying the speaker of the utterance as either the parent or
the child. Children’s vocal characteristics have higher fun-
damental and formant frequencies, greater spectral variabil-
ity, slower average speaking rate, and a higher variability in
speaking rate compared with adults [37]. As a result, the
voices of adults and children can be distinguished based on
the different voice features. Common algorithms for identi-
fying voices compares the pre-trained voice model and input
sound by using machine learning algorithms [29, 8]. Fig-
ure2 (a) shows the high-level diagram of speaker identifica-
tion that we implemented. The microphone within the smart-
phone senses the sound coming from the nearby environment,
and Voice Activity Detection (VAD) algorithm is used to sep-
arate human voices from other noises. We used a recently im-
plemented VAD algorithm [34] as it was robust even within
a noisy environment. After detecting voice signal, feature
extraction is performed for speaker recognition. The Mel-
Frequency Cepstral Coefficient (MFCC) was used to extract
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(a) Speaker identification system architecture     (b) Interface design                                    (c) Result graph

Date

4/1     4/3      4/11     4/21     5/3     5/8     5/10     5/12    5/15

Feature 
Extraction

Interface 
change

identification 
result

Speaker 
models

Voice 
Detection

Sound 
Sense

speaker 
identification

ch
a
n
g
e

Figure 2. (a) TalkLIME System architecture, (b) the interface, and (c) result mode.

the features [10]. Speaker recognition algorithm is used for
the identification of the voice [10, 30, 9]. For speaker recogni-
tion, speaker models must be pre-trained for feature compar-
ison. We created the trained speaker models for both the par-
ents and the children with the voice recorded from the pre-test
prior to the start of the 6-week intervention. An open source
speaker recognition algorithm [9] was used. The entire sys-
tem TalkLIME was implemented on the Android operating
system and executed on the smartphone itself.
METHODOLOGY
Participants
Institutional Review Board (IRB) approval was as obtained
prior to the study. For our study, 8 children with language
delay and their parents were recruited and the children were
tested at a language therapy center affiliated with a local uni-
versity in Korea. Compared with other HCI studies, the num-
ber of participants was relatively low; however, other studies
involving special-needs participants often have small num-
bers of participants because of the difficulty in recruiting par-
ticipants and the length of study.

The children selected for the study met the following criteria:
(a) they were 2–3 years of age;
(b) they could communicate through vocalization,
(c) they had a language delay, as they scored in the bottom
10 percentile [20] as indicated by the Korean MacArthur-
Bate Communicative Development Inventories (K M-B
CDI) 4 [26] and Korean Standard Receptive Vocabulary Test.
(d) they had no problems with perception and listening.

In addition, the parents of the children met the following se-
lection criteria:
(a) they were the primary caregiver for the child,
(b) they had no problems with perception and listening; and
(c) they have never experienced parent-training to improve
interaction with their children.

The participants were divided into a control group and an
experimental group who used the TalkLIME mobile system
4The K M-B CDI is based on the MacArthur-Bate Communica-
tive Development Inventories (http://mb-cdi.stanford.edu/) which is
commonly used for assessing language and communication skills.

Parents (avg) Children (avg)

Age # of Initiation Age # of Initiation
utterance Ratio utterance Ratio

Control 34 486 13.95% 2.41 76.75 14.85%Group(n=4)
Experiment 34 439.25 12.57% 2.52 160.5 8.70%Group(n=4)

Table 3. Participants average functionality difference in the two groups.

(Table 3). Both groups went through the same parent-training
with a speech-language therapist. While the utterance aver-
age between the two groups was different, the standard de-
viation was much higher for the control group. The T-test
was used to confirm that there was no statistically significant
difference between the two groups.
Procedure
The user study procedure consisted of a pre-test, 6 weeks of
intervention through parent-training, and a post-test with the
eight parents and their children with language delay, as shown
in Figure 1. Prior to the actual user study, a pilot study was
conducted with children who did not participate in this study
to ensure that the system functioned properly during parent-
child interactions. We also used the same toys that were used
in the main user-study and wanted to determine what impact
the smartphone has on the children’s ability to focus on the
toys. The pilot study demonstrated that the smartphone did
not have any noticeable impact on the children.
a. Pre-test
The pre-test was conducted at the participant’s house to mea-
sure the language development of the child. This measure-
ment was used to determine the baseline for both the child
and the parent. The participants (the child and the parent)
played with 3 different types of toys (stickers, playing doctor,
and playing house) for 30 minutes, with each toy being used
for approximately 10 minutes. The conversation was video
recorded and subsequently analyzed by an SLP to determine
the baseline statistics for the child and the parent.
b. Intervention – Parent-training
The parent-training was performed for 6 weeks, one session
per week, with all of the children’s parents receiving the train-
ing simultaneously. Each session lasted approximately 1.5
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Week Topic Contents

1

Parent’s and Child’s interaction level, type
Let your child lead Look at child’s gesture, expression

Wait for child to response

2

Participate child’s play
Mimic child’s expression, sound, voice

Follow your child leads Comment to child’s verbal and action
Interpret child’s response

Appropriate interaction strategies
3 Video feedback about parents’ interactions

4
Take turns to keep Continue conversation with questions

the interaction going Give a sign for turn-taking

5
Add language Speak simple and short and slowly

to the interaction Extend child’s message, highlight words
6 Sharing books and music Interaction by reading books and singing

Table 4. Parent-training topics provided during 6 weeks of intervention.

hours and was based on It Takes Two to Talk [17], which pro-
vides strategies for interaction between parents and children
with language delay. An SLP, who had completed the It takes
Two To Talk workshop and had a license to teach, trained the
parents. The topics of the parent-training for each session is
summarized in Table 4. Following each training session, all
of the participants were encouraged to apply the parent-child
interaction strategies at home.

1) Control group: The parents in this group did not use Talk-
LIME for intervention. Instead, the parents in the control
group were asked to maintain a daily diary of their interac-
tion with their child. The purpose of the diary was to provide
motivation for the parents to continuously interact with their
child. The parents were instructed to record the amount of
time they spent with their child and describe which strate-
gies from parent-training that they applied in their parent-
child interaction. Based on the preliminary study, parents of-
ten had difficulty in continuously interacting with their child
and thus, the diary was used to help the parents in the con-
trol group. The diaries from the parents were collected by the
SLPs weekly during the 6-week.

2) Experimental group: After the first session of the parent-
training, the parents in the experimental group were provided
with a smartphone (Samsung Galaxy Note 4) which had Talk-
LIME installed. The parents were instructed on how to use
the system, including a description of the interface, the def-
inition of the balls showed on the screens, the result graphs,
for approximately one hour. The parents in this group used
TalkLIME during the parent-child interactions and received
real-time feedback through the smartphone. Similar to the
control group, the parents were also asked to spend 10 to 15
minutes with their children every day with TalkLIME, but the
parents were not asked to write a diary since the duration and
conversation were recorded on the smartphone.

The location of the smartphone is important during parent-
child interaction and should be placed where the parents can
easily glance at it, without it becoming a distraction to the
parent-child interaction. The parents were encouraged to
place it on the table or on the floor (if they are sitting) and
preferably away from the child.
c. Post-test
After finishing the intervention period of 6 weeks, a post-test
was conducted similarly to the pre-test to assess the changes
in the number of utterances and the initiation ratio for both
the parents and the children.

d. Data analysis & Reliability
The results of the pre-test and post-test were manually ana-
lyzed by the researchers. The recorded conversations were
shortened to 25 minutes to make the conversation time uni-
form across all of the participants. The number of utterances
was manually counted for each test, and the initiation ratio
was calculated based on the number of total utterances. The
utterances were counted based on the criteria described in
[12]. We defined the utterance as an initiation utterance if
it starts a conversation with a new topic or was spoken after
3 seconds of silence [36]. Based on the number of total ut-
terances and the number of initiation utterances, the initiation
ratio was calculated based on the following ratio, i.e., (# of
initiation utterances / # of total utterances) × 100.

To analyze the quantitative results statistics, Shapiro-Wilk
normality test was done to ensure that ANOVA could be ap-
plied since the number of participants were low. Then two-
way mixed ANOVA was used to observe the effect of using
TalkLIME – both between the pre-test and the post-test within
each group and also, between the control group and the exper-
iment group.

The number of utterances and initiation ratio can be different
depending on the researchers because some of the utterances
can be interpreted subjectively. To understand the data analy-
sis reliability, we randomly selected 20% of the analyzed data
and re-analyzed the selected data with another researcher.
The average consistency between the two researchers was
98.67% for the number of utterances of the parents, 95.23%
for the initiation ratio of parents, 94.05% for the number of
utterances of children and 92.66% for the initiation ratio of
children.

EXPERIMENTAL RESULTS
The main components in language development are (1) the
number of utterances and (2) the initiation ratio from the spo-
ken utterances. One of the main goals of parental training
is decreasing the number of parents’ utterances to give the
children a chance to speak, and a low initiation ratio of the
parents shows that the conversation was led mainly by the
children. Based on usage, on average, each parent used the
mobile-system approximately 3 or 4 days per week.

Quantitative Results
Figure 3(a) shows the results of the number of parental ut-
terances between the pre-test and the post-test for the both
groups. There was a significant main effect between the
pre-test and the post-test for both groups (F(1,6)=25.630, ρ
=.002), but there was no difference between the two groups
(F(1,6)=.156, ρ =.707). Thus, parents’ decreasing utterances
were the effect of the parent-training, not necessarily from
using TalkLIME. Figure 3(b) shows the result of the initia-
tion ratio of the parents. There was a non-significant main
effect between the pre-test and the post-test for both groups
(F(1,6)=1.071, ρ =.341).

Figure 3(c) shows the results of the number of utterances
from the children. Although the average number of utter-
ance increased for both groups, there was a non-significant
difference between the pre-test and the post-test for both
groups (F(1,6)=1.790, ρ =.229). Figure 3(d) shows the result
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Figure 3. Results from the pre-test and post-test comparison for (a) parents’ utterance, (b) parents’ initiation ratio, (c) children’s utterance, and (d)
children’s initiation ratio.

of the initiation ratio from the children. There was a non-
significant main effect between the pre-test and the post-test
for both groups (F(1,6)=2.822, ρ =.144), whereas the experi-
mental group showed improvement between the pre-test and
the post-test (F(1,6)=7.754, ρ =.032). The results showed that
the experimental group using TalkLIME resulted in a statisti-
cally significant increase in the initiation ratio of the children.

To summarize the quantitative results, there was statically
no difference between the control group and the experiment
group for the parents. However, the initiation ratio of the
children was improved in the experimental group. Although
the amount children’s utterances did not show a significant
increase, the length of the study was not necessarily long
enough to result in a significant improvement. It is not un-
common for children’s improvement in language to occur
over much longer periods of time (e.g., at least, 3 months [35,
3]). Because of the difficulty in recruiting subjects for such
extended periods of time, we were limited to only 6 weeks for
this study. However, the initiation is an important factor since
it is a sign of improvement in language development [17].
As a result, the significant improvement in the children’s ini-
tiation shows the potential impact of using a mobile-system
intervention to improve parent-child interaction.

Qualitative Results
After post-tests, we conducted a survey with the parents in
the experimental group using the questions listed in Table 5.
The parents were asked to give a response using a Likert scale
(1:strongly disagree, 5:strongly agree) and were also asked to
comment on why they gave such score.

Screen-based conversation feedback (Q1)
Overall, the parents in the experiment group were satisfied
with the screen-based real-time feedback with two balls. The
parents were able to identify the relevant details of the con-
versation status – e.g., the number of utterance or initiation
ratio of the children is low. Based on this feedback, the par-
ent would try to increase the child’s utterance using what they
learned in parent-training. One parent mentioned: “When I
saw that my child’s ball was too small, I tried to give my
child a chance to speak.” (P2). Interestingly, there was one
parent who was stimulated because of the low number of ut-
terance from the child, mentioning that “After I knew the con-
versation was excessively led by me, I tried to decrease my
utterances and induce the child’s utterances by establishing
the conversation strategies that I learned from the parent-
training.” (P4). However, there was one parent concerning

Survey question P1 P2 P3 P4

Q1 Was the ball feedback helpful 4 4 4 5knowing the conversation status?
Q2 Was the timer helpful? 2 4 5 5
Q3 Was the result graph useful? 3 4 3 5

Q4 Do you want to use this 1 4 1 5application continuously?
strongly disagree (1)↔ strongly agree (5)

Table 5. Results from a post-study survey with the experimental group.

the real-time feedbacks: “When I knew the number of ut-
terances of my child was very low, I tried to induce him to
speak, but if the ball was still small despite my efforts, I felt
exhausted.” (P3).

Motivating parents to interact consistently (Q2, Q3)
Most parents in the experiment group agreed that the timer
was helpful to continue the interactions, except one parent
(P2). When they used the application at first, most of them
felt that interacting with their children until 10-minutes timer
is done is not easy: “When I watched the timer after inter-
acting with my child for quite a while, I surprised that just 3
minutes had gone, even though it seemed like it had been 10
minutes at least.” (P3). The simple timer not only informed
how long did the parents actually interact but also motivated
the parents by proving some form of encouragement, setting
a short-term goal. One parent said, “I know that consistently
interacting with my children is important, but I, sometimes,
want to finish or skip the interaction with my child, because
I am already too tired to talk due to house chores or other
things to do. However, I cheered up by looking the remaining
time in the timer when I felt it.” (P4). Interestingly, one parent
did not care about the timer. The therapist asked the parents
to interact with their children for 10∼15 minutes a day. Most
parents felt that it is a long time, whereas the parent said it is
no problem (P1).

Two out of four parents said the result graph was useful, and
the others were neutral (Q3). Most parents are very enthusi-
astic when they initially begin parent-training, but if they do
not feel that their children’s language development improve
for a long time, they might lose interest in practicing parent-
training at home (children’s language improvement occurs at
least 3 months [35, 3]). The result graph was also useful in
observing the changes in the language development of the
children and to check the intervention time. When one par-
ent who was passionate about children’s education knew that
there was a subtle change, she listened to the recorded voice
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Figure 4. The accuracy of (a) utterance and (b) initiation utterance
count.

to check their conversation: “Did I make a mistake?”, “Did I
still have wrong speaking habits?” and “When did my child
respond to me better?” (P4). It also included the number
of average utterances of the same age group with their chil-
dren as a dotted line. The parents used the dotted line as a
long-term goal of her child: “I especially liked the dotted line
showing the average number of utterances of the same age
group. The difference between the dotted line and my child’s
line alerted me, motivating to practice more.” (P2).

User experiences (Q4)
While two of the parents would use this system again, the
other two parents disagreed. One parent express privacy con-
cern since the parent-child conversation was recorded – how-
ever, this is a feature that can easily be disabled and for our
purpose, the conversation was recorded to obtain ground truth
for parent-child statistics. The other parent initially liked the
system and served its purpose but felt it was no longer needed.
“This system was helpful in initially inducing my child’s ut-
terance. It was also helpful to know how I interacted with my
child and learn who was leading the conversation. However,
once I felt like I was interacting correctly, I did not feel like I
needed the system any longer.” (P1), and another parent said,
“It was also difficult to carry around the TalkLIME system
and execute the application when interacting with my child.”
(P3). For our study, the parents were required to use a sepa-
rate smartphone for the study but if our system can be ported
to other smartphones, we believe that it would be more conve-
nient to the parents if they can simply use their own personal
smartphones.

Mobile-System utterance analysis accuracy
Figure 4 shows the results of the number of utterances and
initiation utterances analyzed by the application and manu-
ally. The accuracy was calculated with the conversation that
was recorded in the post-tests. The application accuracy was
calculated with the following equation.

Accuracy =
# of utterances analyzed by the computer

# of utterances analyzed manually

An accuracy of 1 means that the mobile system analysis and
the manual analysis were identical. The value can be larger
than 1 if the mobile system’s analysis resulted in a larger
number of utterances in the analysis. The number of utter-
ances manually analyzed was larger than what the system an-
alyzed for all children, and very low for child C and child
D. Children with language delay often speak in an especially
short and quiet manner; thus, the voice activity detection al-
gorithm could not detect the sound as a human voice. For
child C and child D, their utterances were especially short

and quiet; even manual classification by an expert was diffi-
cult, but they were ultimately classified as utterances in the
manual analysis. In addition, the numbers of utterances for
child C and child D were relatively low – and thus, even a
few errors resulted in a lower accuracy result. The number
of initiation utterances tended to be higher than in the manual
analysis. Since only silence was used to determine initiations,
the system reported a larger number of initiation utterances.
However, the error trend across the different parent-child was
relatively consistent and for our system, the main purpose to
observe the change in the parent and the child. Further dis-
cussion on the accuracy of our system is presented in the fol-
lowing section.
DISCUSSION
Difficulties in Recruiting Participants
We conducted our user-study with 8 parent children pairs,
each group had 4 parent-child participants. The number of
participants was relatively low, compared to other HCI stud-
ies, but studies involving special-needs or special-disorders
often have a small number of participants because of the dif-
ficulties in recruiting participants. The 6-week length for the
user study also made it difficult for some to participate in
the study. We had initially recruited 10 parent-child partic-
ipants but during the intervention period of 6-weeks, one par-
ent within the control group gave up because of personal work
and stopped attending parent-training. Another parent in the
experiment group rarely used the mobile application despite
our continuous request to use the system – thus, we excluded
the data from these two parent-child participants. On several
occasions, we also had to encourage the parents to not drop
out and continue with the experiment during the 6-week in-
tervention period.
Children’s Awareness and TalkLIME
In this work, even though the child had a language delay, the
focus was on the parents and providing effective intervention
for the parents. The child was not made aware of TalkLIME
because of their age as they were mostly pre-school age and it
would be very difficult for them to understand the concept of
“initiation”, “utterances”, etc. In addition, SLPs prefer “natu-
ral” and embedded techniques of intervention since children
feel like they are playing and this is how language really de-
velops [1], instead of explicitly increasing the awareness of
their language delay. For older children, it remains an inter-
esting future work to see how they can be made more active
participants in a system like TalkLIME.
Objective feedback and Motivating Parents
As described earlier, the parents in the control group were
asked to maintain a daily diary. Interestingly, the data col-
lected from the diary of parents in the control group suggests
that the parents did not skip a single day of parent-child in-
teraction session during the 6 weeks. In comparison, the ex-
perimental group parents showed some variation during the
6 weeks. Figure 6 plots the amount of time that four of the
eight parents spent with their children in parent-child interac-
tion sessions. The results from the experimental group (Fig-
ure 6(a,b)) are based on the data provided by TalkLIME. It
is clear that there is a variation in the amount of time spent
with the child as the parents were not able to have a parent-
child interaction sessions on some days. However, the results
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Figure 6. Amount of time spent in parent-child interaction session at
home for parents in the experimental group (a,b) and control group
(c,d).

from the control group (Figure 6(c,d)) suggests that these two
parents did not skip a single parent-child interaction session.

According to the diary, the parents in the control group felt
that general communication their daily lives were part of the
strategies. For example, some of the comments in the diary
were the following.
• “When I tried to finish a bath, he wanted to stay in the

tub. So, I gave him his favorite food so we could finish the
bath.”

• “I read a book to my child and he paid attention.”

Based on these comments, the parents in the control group
tend to over-estimate the efforts they spend on the parent-
child interaction and thus, it is difficult to understand how
much effort the parents put in with their child. In comparison,
more objective measurements are provided by TalkLIME and
enables the parents to understand their effort. For example,
parents can become frustrated when their child does not show
any improvement in the language development – however, the
parent might inaccurately assume that they are putting in the
effort when in reality, they might not be.

Speaker Identification Accuracy
While the TalkLIME system had a positive effect on parent-
child interaction sessions, the accuracy of the speaker identifi-
cation can be improved and we describe some of the common
sources of errors in our system.

(1) Short utterances: Some utterances tend to be very short
(1-2 sec), especially since children have a language delay.
It has been shown that at least several seconds of sound is
needed to achieve high-level of accuracy [11].

(2) Non-utterance sounds: Sounds such as “hmm∼” and
“oh∼” do not have meaning and are not necessarily utter-
ances. However, since the sounds come from human voice,

and voice activity detection algorithm identifies them as
“voice” (or utterances).

(3) Noise: Some toys (e.g., blocks) used in parent-child in-
teraction make significant noise. Voice overlapped with noise
results in the sound having different vocal features and makes
the speaker recognition more difficult.

(4) Quickly speaking – If a parent starts speaking (<0.3 s)
quickly after a child, it is interpreted as a single long utter-
ance.

Figure 5 shows an example of some inaccuracies from an ac-
tual parent-child interaction in our study. The top shows the
ground truth analyzed by an SLP while the bottom shows the
analysis from TalkLIME. Errors 1© and 2© occurred when
the speaker talked slowly and resulted in a single utterance
being broken up into multiple utterances. An incorrect ini-
tiation utterance was identified in Error 3© occurred when a
speaker was late in responding. In this example, the child was
responding to the parent and not initiating; however, since
an initiation utterance was defined as an utterance after a si-
lence of 3 s or longer [36], the child’s utterance was incor-
rectly identified as an initiation utterance. Error 4© occurred
when someone starts speaking quickly (<0.3 s) after another
speaker’s utterance and the two utterances are combined as
one utterance. All of these factors contributed to the reduced
accuracy of the speaker identification within TalkLIME. Im-
proving the accuracy of the speaker identification needs to be
addressed as part of future work.

CONCLUSION
In this work, we proposed and evaluated TalkLIME – a
mobile intervention system to improve parent-child interac-
tion for children with language delay. By providing less-
disruptive feedback to the parent through the smartphone
screen, TalkLIME provides real-time feedback to the parents
on their interaction with their children. Based on the post-
study interview, the interface of the TalkLIME system, in-
cluding the timer and the data-drive interface, provided en-
couragement to the parents in their daily parent-child interac-
tion. In addition, our user study showed that the experimental
group using the mobile-system intervention showed a signif-
icant improvement in the initiation ratio from the children.
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