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ABSTRACT

As children begin to watch more television programming
on systems that allow for interaction, such as tablets and
videogame systems, there are different opportunities to en-
gage them. For example, the traditional pseudo-interactive
features that cue young children’s participation in television
viewing (e.g., asking a question and pausing for two seconds
to allow for an answer) can be restructured to include correct
response timing by the program or eventually even feedback.
We performed three studies to examine the effects of accurate
program response times, repeating unanswered questions, and
providing feedback on the children’s likelihood of response.
We find that three- to five-year-old children are more likely to
verbally engage with programs that wait for their response and
repeat unanswered questions. However, providing feedback
did not affect response rates for children in this age range.
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INTRODUCTION

The introduction of Blue’s Clues in 1996 ushered in an expan-
sion of pseudo-interaction in children’s television, in which
characters appear to converse with their viewers directly [5].
These conversational features typically consist of a character
asking a question, pausing for a set amount of time, and then
responding either in a way that does not acknowledge the
child’s answer specifically (e.g., presenting the correct answer
and then moving on) or responding only positively (e.g., say-
ing, “Great!” and presenting the correct answer, regardless
of whether the viewer’s response was correct). The massive
popularity of shows like Blue’s Clues and Dora the Explorer
indicates that children enjoy the pseudo-interactive features
and become very engaged with the shows and their characters.
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Moreover, the format has been shown to have positive effects
on viewers (e.g., [3, 9, 16], helping ensure that this style of
programming has remained on the air for two decades.

With the advent of computers and tablets, contingent reactions
by the media to children’s responses are now possible. Broad-
cast television is limited by its inability to provide flexible
timelines for response, prompt a second time to attempt to get
an answer, or contribute feedback. Tablets provide an opportu-
nity to improve upon standard television techniques because
they have embedded microphones that can be used to detect
user speech. Moreover, children as young as two years old
use touchscreen tablets to perform simple tasks [10]. While
accurate speech recognition is not yet developed for preschool-
aged children, detecting speech (i.e., sound) is possible.

We designed a set of three experiments to investigate the ef-
fects of using temporal contingency (i.e., having the character
respond quickly after the child finishes rather than after a set
amount of time), repeating unanswered questions, and provid-
ing feedback on children’s engagement. In the first study, we
compared an unaltered television episode containing prompts
followed by a set amount of silence to a similar episode that
we divided into video clips to create a program in which the
amount of silence following each prompt was contingent on
the child’s response. After a prompt, an experimenter waited
for the child to provide a verbal response before advancing
to the next clip. If no response was given after 10 s, the next
clip would automatically play. In the second study, we com-
pared the temporally contingent version to a version that was
temporally contingent with “reprompts”. In the version with
reprompts, the child would be prompted with the same ques-
tion again if s/he had not responded within 8s. These two
studies mimic the use of a microphone in an app to detect
speech. In the third study, we compared the effects of us-
ing speech recognition to provide feedback for correct and
incorrect answers to doing only basic speech detection. We
specifically focused on behaviors reflecting engagement (e.g.,
answering questions) because they are an important base for
more complex research questions.

RELATED WORK

It has long been known that young children engage with tele-
vision. Much of the previous research on program structure
probed pseudo-interactive features and their effects on learn-
ing and memory in order to inform the development of educa-
tional programming. For example, adding different questions
to a televised story determined that learning was facilitated



most by asking personalized, viewer-directed questions, fol- Total Repeat Free

lowed by asking rhetorical questions and asking no questions Episode Prompts Phrase Yes/No Response
[16]. Long-term viewing of programs with pseudo-interactive
features has been found to be positively correlated with vocab- =99 22‘3;1 77 % 13

ulary size and expressive language production in toddlers [9]. Birdhouse
Moreover, rates of responsiveness to these features during an Table 1. Number of prompts by episode.
episode correlate with story comprehension [2].

In addition to the presence of the pseudo-interactive features
themselves, various aspects of the programs can affect the
likelihood of response. For example, toddlers were better able
to learn a task from a pre-recorded video when it was pre-
sented by a familiar, socially meaningful character rather than
an unfamiliar character [6, 8]. Additionally, use of a familiar

Materials
We selected a television prograMickey Mouse Clubhouse
that was directed at a preschool-aged audience (ages three to

actor (their mother) has been found to help infants and toddlerst\r/](:‘e {iﬁgsr)éncogrfgl?nec?u%rggqfﬁzrtgcfgfs'tt\ﬁirtbﬁler?;ﬂﬁir;Sreti frrnoomst
imitate videorecorded actions [7]. Moreover, multiple view- children in our culture. By using familiar characters, we hoped

ings of a single episode of a program with pseudo-interactive to maximize the children’s verbal responses to the program,

features elicited increased verbal and nonverbal interactions_. . .
from preschool children [3]. Program familiarity has also similar to previous research (e.g., [6, 8]). We watched several

been demonstrated to affect the relationship between pseudoqmsodes of the program and annotated various categories of

interactive features and comprehension such that children whoprompts (i-e., phrase repetition, yes-or-no questions, and free

> ; “response questions) to identify two similar episodes. (See
are already familiar with programs show greater comprehen Table 1.) In one episode, the characters built a birdhouse

sion bene ts from pseudo-interaction cues [13]. (“Goofy the Homemaker”, henceforth referred to as Birdhouse
Finally, perceived contingency matters. Contingency is a key episode); in the other, they took care of an egg (“Donald
component of interpersonal interaction. Infants younger than Hatches an Egg”, or Egg episode). In both episodes, viewers
six months of age can distinguish and attend differently to are asked directly to help the characters select tools to solve
temporally contingent interactions over videoconference than problems. The episodes contained 24 and 26 total prompts,
to prerecorded presentations [4]. Truly social interactions are 7 of which asked the child to repeat what the character said,
inherently temporally contingent, to the degree that adults arewith the pauses typically lasting less than 2s (mean(stdev)
sensitive to audiovisual interaction delays of 500 ms and audio = 1:790(0:962), range= 0to0 5:471s). To make the episodes
delays of 400 ms when using telecommunication, beyond short enough that a within-subjects design was feasible within
which conversations are considered unnatural [15]. Even veryone hour, we edited them down from 24 min. to approximately
young children show in uences of social contingency. Prior 20 min. while ensuring that only content irrelevant to the
research found that two-year-olds who were given instructions overarching plots was removed (e.g., the theme song) and all
via passive video viewing were not able to follow them as well prompts were unaltered. The Birdhouse and Egg episodes
as those given instructions in person; however, having a brief,then lasted 19 min 49 s and 20 min 14 s, respectively.
e o e leeor ach pisode, we reated two versions. For he Org:-
effect [17]. Social contingency improves imitation [12], novel gﬁillggﬁlggwﬂﬁeoggszﬂgdi;hg gi?rlw?lg??:\sfr?irc)f?gt\?/’a\tsc%itr?ge
e himgsag, M on televsion at home. For the Contngent versio, e
edited the videos into individual clips that ended after each

can affect engagement in and recall of interactions. prompt. (See Figure 1.) The clips ranged in length from 3 s to
2min. 34 s, and the two episodes did not differ signi cantly in
EXPERIMENT 1 clip length (Birdhouse mean(stdev) clip lengthd1:4(44:6) s,

Inour rst experiment, we manipulated the timing of a televi- E99= 45:9(41:1), t = 0:553 p = 0:583. We created soft-
sion program to increase perceived contingency and investivare that could play the Original and Contingent versions of

gated the effects on verbal and nonverbal responses. the episodes. When playing the Contingent versions of the
episodes, the program would play a clip until its end and then

start a timer for 10s. A manual command could be sent to
Participants interrupt the timer and play the next clip immediately. If no
Seventeen children between the ages of 3 and 5 years (1&ommand was sent, the next clip would automatically play at
girls, 7 boys, age range 3.003 to 5.537 years, mean(SD) agehe end of the timer. We used a Wizard-of-Oz method wherein
= 4:24((0:833) participated successfully in this research, an experimenter listened to the participant and only sent the
which was approved by our Institutional Review Board. We manual command to play the next clip after each prompt had
recruited children from the local community via posted adver- received a verbal response. (Nonverbal responses were ig-
tisements and email lists. An additional boy was enrolled in nored, as they would be by a microphone.) If a participant
the study but not included in the analysis due to equipment fail- failed to respond to a prompt, the experimenter let the software
ure. Participants had normal or corrected-to-normal hearingadvance automatically to the next clip after the waiting period
and vision. Families were compensated for their time. of 10's. This experimenter remained out of the child's view.



Figure 1. lllustrations of the Original and Contingent conditions.

To assess the children's memory for different characters andand “Say the magic words...”) prior to the theme song. Thus,
events throughout the episodes, we designed a quiz. Afterthe experimenter sitting near the child was able to indicate to
each episode, an experimenter asked the participant to puthildren who were not responding at the beginning of either
images of four scenes from the episode in chronological order.episode that they needed to respond without affecting mem-
Additionally, participants were asked ve questions to see if ory for the unique content of the episode (e.g.Character

they remembered various plot points. The experimenter alsocan't hear you, you need to speak up.”). This experimenter
asked if they thought the characters could hear them, whatalso informed participants if they were not speaking loudly
their favorite part was, and if they had seen the episode beforeenough to be accurately recorded and heard by the wizard
experimenter. Other than these instructions, the experimenter
ﬁept her own speech to a minimum by not initiating conver-
sation and providing only minimal responses when the child
initiated interactions (e.g., saying only yes or no and then
attending to the monitor).

For each participant, a parent completed a survey to asses
the child's familiarity with the program: how often the child
watched the show; whether the child had watched these
episodes; and whether the child was familiar with each charac-
ter. We also asked whether the child watched similar programs
(Dora the ExplorerBlue's Clue3 or used tablet applications A repeated-measures design was performed to maximize sta-
that provide responses to prompts (e.g., ToyTalk/PullStMhg tistical power. Each participant viewed two episodes of the
apps; Disney Junior Appisodes); the child's favorite shows; if program, one each in the Original and Contingent conditions.
the child typically responded to televised prompts; and if the Episode and condition were both counterbalanced, and com-
child behaved similarly to how s/he would at home. binations were randomly assigned. After each episode, they
completed the corresponding quiz.

Procedure

Each participant came into the laboratory individually for the
experiment. While participants viewed the episodes, their par-
ents completed the surveys about media habits. Parents wer
allowed into the experiment room, but we requested that they
remain quiet and at a small distance to ensure that they did
not interfere with the children’'s responses. Participants were
recorded while viewing each episode on an Apple 27-inch
monitor with an integrated camera and microphone system to
ensure corresponding timestamps on the episode and the pa
ticipant video. Each participant sat on a chair approximately
0.85 m from the monitor, alongside an experimenter.

Analysis

An annotator reviewed the videos for all participants and used
ELAN annotation software [1] to denote: the beginning and
ending of each utterance made by the child, whether each
utterance was or was not a response to a prompt from the TV
show, and whether each utterance in response to a prompt
was a valid (expected) or unexpected response. Similarly,
they denoted the same features for nonverbal behaviors (e.g.,
P_ointing or other gestures) and behaviors where the children
combined verbal and nonverbal responses (e.g., pointing while
saying, “That one!”). Responses including both verbal and
nonverbal content were marked as combined. In some cases,
Each episode of the selected program started with the samehildren responded to an anticipated prompt before the prompt
scene and two prompts (“Want to come inside my clubhouse?”actually occurred. In cases where this response began more



Figure 2. Response rates by condition for (a) all possible responses, (b) expected responses, and (c) expected verbal or combined responses. Error bars
represent standard error in all gures.

than 800 ms before the end of the prompt, we classi ed it as the video that they saw second (Firs0:4890:382), Second

an Early Response and considered it separately in analyses: 0:594(0:261); F = 14:570, p= 0:0030 and more to one

We did not score whether any answer was correct becauseepisode of the program than the other (Eg§:640(0:300),

we did not want to penalize incorrect but valid answers (e.g., Birdhouse= 0:444(0:331); F = 15:617, p= 0:0023. There
saying no instead of yes, suggesting an incorrect tool to solvewas no signi cant effect of whether the children reported

a problem when it was also listed as a possibility). Addition- having seen an episode before (which occurred for 12 chil-
ally, in cases where a participant pointed at an object on thedren for the Egg episode and 9 for the Birdhouse episode).
screen and said, “That one!”, it was often impossible for the When we limited our analysis to only expected (verbal, non-
experimenter or annotator to tell where they were pointing.  verbal, or combined) responses, we found the same pattern
of effects with a greater response to Contingent than Original

We looked at the overaII' rate of response, rate of ex.peCtedvideos (Original mean(stdev) response raté:336(0:259),
response, and response time for all categories of behavior (Ver'(:ontingentz 0:647(0:279; F = 53779 p < 0:0003), to

bal, no_nverbal, combined) toget_her. To analyze t_he combinedthe video they saw second (First 0:467(0:360), Second
behaviors, we merged them with verbal behaviors because_ 0:5260:263; F = 9:401, p = 0:0108, and to the Egg
they included the verbal output required for contingency. This e is;ode than 'Ehe Biroihouse e iéode (,E @:570(0:291)
categorization simulated the use of a microphone by an app. B?rdhouse: 0:414(0:314); F = 18384 p::8'068]) Again’

We analyzed the data using the Restricted Maximum Likeli- prior viewing had no signi cant effect.
hood (REML) approach to ensure proper p-values for multiple

. T We then looked at effects in the various response categories.
comparisons and account for non-normal distribution.

For these analyses, the combined responses were analyzed
with the verbal responses because they contained verbal con-

Results tent that a microphone could hear in a system similar to
We examined both response rates and response times in OUl\rrent apps doinp speech detection. We Zaw the same pat-
analyses. We omitted data from the rst two prompts because PP gsp ' P

X X ; . : tern in the verbal/combined responses such that the rate was
they served as practice with experimenter intervention. higher for the Contingent condition (Original mean(stdev)
Response Rates response rate 0:2830:245, Contingent= 0:6750:295);

First, we examined the overall response rate, calculated ag- = 69:625 p < 0:000J), to the video they saw second (First
the ratio of prompts that received any response (verbal, non= 0:450(0:378), Second= 0:5080:290); F = 7:150, p =
verbal, or combined; expected or unexpected). The chil-0:0222), and to the Egg episode (Egg0:6050:307), Bird-

dren responded signi cantly more to the prompts in the house= 0:3530:317); F = 24572 p= 0:0009. Prior view-
Contingent condition (Original mean(stdev) response rate ing had no effect. The same pattern was found for expected
= 0:354(0:266), Contingent= 0:730(0:272); F = 75:335, verbal/combined responses (Original mean(stdev) response
p < 0:0001). (See Figure 2 and Table 2.) In fact, higher rate= 0:2680:236), Contingent= 0:5950:300); F = 62:462
response rates for the Contingent condition were found for p < 0:0001; First= 0:4180:356), Second= 0:4450:274);

16 of the 17 children. Additionally, they responded more to F = 5:816, p = 0:0347 Egg = 0:534(0:300), Birdhouse
= 0:32900:30)); F = 20:347,p = 0:0009).

For the 64 observed nonverbal responses, we did not see a
similar pattern. There were no signi cant effects for condition,

Original Contingent  F p order, episode, or prior viewing, but there was a signi cant
Overall Response Rate 0.354 0.730 75.3350:0001 interaction between condition and order such that the chil-
EXpeCIeg \F;;éélg)nse RateR . gggg g-gg; 23'2;;%8881 dren responded nonverbally more often when they saw the
Xpecte esponse Rate . . . A . H . — N
Overall Response Time 0584 2243 25668 00004  Contingentversion rstthan second & 6:437 p= 0:0282).
V/C Response Time 0.673 2.110 18.754  0.0001

Table 2. Response data by condition.



Figure 3. Response times by condition for (a) all responses and (b) verbal

and combined responses only. . .
P y Figure 4. Response rates by prompt for the rst twelve prompts in the

Contingent and Original conditions.

The rate of Early Response (37 occurrences) was not affected
by condition, order, episode, prior viewing, or the interaction

between condition and order miliar with the episodes, we examined them to put the results

in context. Three children provided no expected verbal, non-
Response Times verbal, or combined responses while viewing either condition.
When we examined the time that elapsed between the end of-rom the parent questionnaires, we learned that two of those
a prompt and the beginning of a response, we found a sig-children had no prior experience with pseudo-interactive tele-
ni cant effect of condition that indicated slower responses in Vision (or, in one case, any television). The third child was
the Contingent condition (Original mean(stdev) response time shy and the parent reported that she was not behaving and
(s)= 0:584(0:305), Contingent 2:2430:962); F = 25:668, speaking as she would at home. Additionally, we found no
p = 0:0004. (See Figure 3.) There were no other signi- Signi cant correlations between correct answers to the mem-
cant effects. When we examined verbal/combined response®ry questions in the children's quiz (mean(SDR:42(1:12))
alone, we similarly found only an effect of condition (Origi- and whether the parents or children reported that they had
nal= 0:6730:431), Contingent 2:110(1:053); F = 18:754, seen the episodes before. Finally, there were no signi cant
p= 0:0001). In the Original condition, the maximum response differences in the number of correct quiz questions by condi-
time to any prompt was 3.667 s. For the Contingent condition, tion or episode. However, we did nd a signi cant correlation
the maximum response time to any prompt was 10.317 s. Webetween age and total scome<( 0:654 p = 0:002), which
found that 94.4% of responses in the Contingent condition may have overwhelmed any other potential effects.
occurred in under 8 s. When we compared the response times
in the Contingent condition to the pauses provided in the Orig-
inal condition, we found that 48.9% of the responses in the Discussion
Contingent condition began after the pause in the Original Overall, whether children were viewing an episode in the

condition would have ended. Contingent versus Original condition had many effects. Chil-
dren had higher response rates, expected response rates, ver-
Response Trends bal/combined response rates, and expected verbal/combined

To determine whether the children understood or were awareresponse rates in the Contingent condition. Additionally, they
that the Contingent episode required a verbal response to conhad longer response times (overall and verbal/combined) dur-
tinue, we examined longitudinal patterns in the children’s ing the Contingent condition, nearly half of which occurred
responses. The response rates to the rst two prompts wereafter the original pause lengths. Together, these ndings sug-
similar and very high (Original mean response rat@:618  gest that children are far more likely to speak to the television
Contingent= 0:688) because the children who did not speak when the episode is waiting for them and they have time to
on their own during these two prompts in both cond_mons were do so. Moreover, they realize that the episode is or is not
encouraged to do so by the experimenter. We paired the subwaiting for their responses within the rst several prompts.
sequent ten prompts in order to examine approximately half Additionally, the pauses in typical television programs may
of each episode, assuming that it would take fewer than 12 preempt responses by providing insuf cient time for children
prompts for children to realize that the video was advancing to formulate and speak their answers before proceeding, al-
when they responded. The results are displayed in Figure 4though future research should investigate this question more
An analysis of variance (ANOVA) revealed signi cant main  directly. Typically, the programs wait only up to two seconds
effects of conditionk = 65342, p < 0:0001), prompt pair  for responses. Our ndings suggest that even when children
(F = 2:665 p= 0:0240, episode = 8:300, p = 0:0049, answer, it is often not within this time window, and contingent
and the interaction between prompt and conditier=(2:473 programs should wait up to 8s.

p = 0:0343. This interaction shows that children become . , .

signi cantly less likely to respond to a question in the Original The children were also more likely to provide any response,

condition as time passes relative to the Contingent condition. €xPected responses, and verbal/combined responses for the
second episode that they saw in the experiment relative to the

Questionnaire Results rst. These ndings suggest that there may be a warm up
In addition to using the responses on the parent questionnairegperiod in which children are learning about and adjusting to
and children's quizzes to determine which children were fa- the technology, after which response rates increase.



Figure 5. An example of what happened if a child did not respond to a prompt in the Reprompt condition.

Our ndings also suggest that one episode contained more ) Total Repeat Free

challenging prompts than the other. The response rate, ex- Episode Prompts Phrase Yes/No Response
pected response rate, verbal/combined response rate, and ex=
pected verbal/combined response rate were all higher for the Luau 28 3 S 18
Egg episode than the Birdhouse episode. These results suggestRoundup 27 6 8 13
that the Birdhouse episode was more dif cult.

Table 3. Number of prompts by episode.
Finally, some variables had no effect on response types, rates,

or timing. Prior viewing of an episode did not seem to be
re ected in behavior, and nonverbal behaviors were generally
unaffected by experimental manipulations. Given that there
was no positive reinforcement for nonverbal behaviors in either
condition, the lack of a signi cant effect was unsurprising and
also indicated that the children only adjusted to the reinforced
(i.e., verbal) behavior.

as soon as a verbal response was produced; alternatively, the
software automatically advanced in the absence of a verbal
response after an additional 8s.

Procedure

We followed the same procedure as in Experiment 1 for view-
ing. The episodes and conditions were again counterbalanced,
and participants completed a similar quiz after each episode.

EXPERIMENT 2 L . . o
JWe administered the parent questionnaire to new participants.

Our second experiment investigated whether repeating que
tions that did not originally receive a response affected the

likelihood of eliciting verbal responses from children. Analysis

We used an identical coding scheme, analysis method, and sta-
tistical model as in Experiment 1, with the addition of noting

Participants . . . :
We enrolled 16 children between the ages of 3 and 5 yearsWh'Ch clips consisted of reprompts where the previous prompt

for this study (9 girls, 7 boys, age range 3.485 to 5.638 years,Vas repeated.
mean age 4:583 SD= 0:655). Five additional children were
not included in analyses due to equipment failure. Eleven o
the children participated in Experiment 1, and ve children
previously participated in Experiment 3. Participants waited at
least one month between visits (mean(stdewy5(25) days,
range 37 to 113 days). Recruitment and consent procedure®esponse Rates

f Results

In order to get a full picture of the effects of reprompting, we
speci cally examined individual instances of reprompts after
performing our initial analyses.

were identical to Experiment 1. Across both the Contingent and Reprompt conditions, par-
, ticipants showed a high overall response rate (mean{SD)
Materials 90:8(0:162 %) to the rst instances of the prompts. There was

We used the same selection methodology to choose the tway gimjjarly high verbal/combined response rate (89.1(0.174)%)
episodes included in Experiment 2, "Pete's Beach Blanket 5 expected verbal/combined response rate (85.727(0.177)%).
Luau (referred to as Luau ep'lsode) and “Mickey's Roundup” \yie examined the total response rates, verbal/combined re-
(Roundup episode). These videos were maiched on the numgqnse rates, and expected verbal/combined response rates to
ber and structure of prompts (see Table 3) and had similar clip o prompts that all children saw (i.e., without reprompt clips)

lengths (Luau= 37:8(51:769) s, Roundup= 438(46:346)S,  anq found no signi cant effects of condition, episode, order,
t= 0:452 p= 0:653. The Contingent condition remained the 5 heir interactions (alp> 0:05).

same; however, we replaced the Original condition with a Re-

prompt condition that had additional clips. Thus, participants Response to Reprompts

viewed two episodes each, one Contingent and one RepromptEleven of the 16 participants saw at least one reprompting
For the Reprompt condition, the software would replay a clip clip. The other six children provided a verbal response to all
containing only the prompt from the end of the previous clip if of the original prompts during the Reprompt condition. Forty-
the participant remained silent for 8 s (Figure 5). We decreasedone instances of reprompting occurred throughout the entire
this interval from 10 s to 8 s based on the response time resultsexperiment, for which there were 440 opportunities in the
from Experiment 1. The experimenter would play the next clip Reprompt condition. For the 41 instances, two had an interval
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