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Traditionally, infants have learned how to interact with objects in their environment through
direct observations of adults and peers. In recent decades these models have been available over
different media, and this has introduced non-human agents to infants’ learning environments.
Humanoid robots are increasingly portrayed as social agents in on screen, but the degree to which
infants are capable of observational learning from screen-based robots is unknown. The current
study thus investigated how well 1- to 3-year-olds (N = 230) could imitate on-screen robots
relative to on-screen and live humans. Participants exhibited an imitation deficit for robots that
varied with age. Furthermore, the well-known video deficit did not replicate as expected, and was
weak and transient relative to past research. Together, the findings documented here suggest that
infants are learning from media in ways that differ from past generations, but that this new
learning is nuanced when novel technologies are involved.

1. Introduction
A vast array of objects and artifacts populate human environments which require the structuring of behaviour to be consistent with
one’s cultural in-group. As a result, infants need to be adept at learning from those around them. The capacity to acquire skills and
behaviours by copying others is a key component of this learning (Legare & Nielsen, 2015; Tomasello, 1999; Whiten et al., 2005).
Whilst debate continues over the ontogenetic unfolding of body-oriented gestures (see Davis et al., in press), it has been
well-established that a propensity for imitating object-directed actions is in place from the middle of the first year (Barr et al., 1996).
Infants and young children are not, however, blind copiers and a range of variables have been documented to impact imitation rates (e.
g., DiYanni et al., 2011).
Notably, infants show poorer performance on tests of imitation when the demonstrator appears on a screen rather than live (Barr &
Hayne, 1999; Hayne et al., 2003; McCall et al., 1977). Termed the video deficit (Anderson & Pempek, 2005), this screen-based
diminution in imitative learning emerges developmentally early and persists until around 3-and-a-half years of age (Barr, 2010;
Dickerson et al., 2013). However, infants are becoming increasingly exposed to novel characters via screen-based devices (e.g.,
television, tablets, smart phones) and what we do not know is if they learn similarly from human and non-human agents when both
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appear on a screen. This question is of particular relevance in a contemporary context with the emerging introduction of humanoid
robots into homes and classrooms. Are screen-based robots treated as teaching agents in the same way as screen-based adult humans?
Thus the current research aimed to investigate whether children learn from on-screen humans and robots similarly as measured
through imitation.
Decisions about what and whom to imitate can be impacted by things like the demonstrator’s accent (Kinzler et al., 2011) and the
extent to which he or she is viewed as an in-group or out-group member (Buttelmann et al., 2013; Howard et al., 2015; Wilks et al.,
2018). The humanness of the model also has an effect. When the actions to be copied are performed by non-human agents such as
puppets (McGuigan & Robertson, 2015) or mechanical pincers (Slaughter & Corbett, 2007) rates of copying are reduced when
compared to human agents. However, puppets and pincers differ from human agents across multiple dimensions, including but not
limited to how limbs look and function, and the availability of ostensive communicative cues. In contrast, modern robots are becoming
increasingly sophisticated and humanlike in appearance and capacity for interaction. Early investigations into this topic, suggest that
this may make them more attractive as models and hence more likely to elicit imitative responses similar to a human agent (Fong et al.,
2021; Sommer et al., 2020).
This is important. Our environments are being increasingly shared with humanoid robots. They are already used in classrooms and
science museums (Meltzoff et al., 2009; Shiomi et al., 2007; Tanaka et al., 2007), yet research documenting their efficacy as teaching
tools has only recently begun to emerge. In a recent study, Sommer et al. (2020) investigated the comparative tendency of children
aged 4–6 years to copy causally redundant actions (i.e., ones that meet a minimal definition of ritual) modelled by an adult human and
a humanoid robot, with both presented on a screen. The children replicated the irrelevant behaviors following demonstration by the
robot, but did so at lower rates than when the same actions were shown by the human. However, another study investigating children’s
copying of a social robot’s redundant actions contradicted that of Sommer et al. (2020), indicating that rates of copying were
equivalent between human and robot (Schleihauf et al., 2021). The discordance between these two studies highlights the question of
whether social robots are “equal” social agents for children’s learning relative to humans, or whether children suffer a “robot deficit”.
To support the notion of a “robot deficit”. Fong et al. (2021) found that 3- to 6-year-old children are less likely to copy the suboptimal,
but normative actions of a social robot than a human. However, all of these studies modelled relatively complex actions, so little is
known about children’s replication of simple, causally efficacious actions in these contexts. Furthermore, reflecting the broader
literature on learning from robots (Belpaeme et al., 2018), these studies reveal nothing about infant proclivities.
In a rare exception of a study featuring younger participants, Itakura et al. (2008)investigated the tendency of 2-year-olds to
produce the outcome of a robot’s intended but unfulfilled actions (e.g., attempting but failing to put beads inside a cup). The infants
only did so when the robot first gazed towards a human depicted beside it before performing the demonstrated action sequence.
However, this study did not directly compare reactions to the robot with responses to a human model. Research making such com
parisons is needed.
To address the gaps in this literature, we compared how 1- to 3-year-olds propensity to imitate a screen-based humanoid robot
compared to a human. Our aim was to document when infants might begin to copy robots and humans equivalently, if at all, and how
this might change over early development. As noted, it has been consistently shown that infants learn less efficiently from screen-based
presentations than live demonstrations of the same content particularly in the imitation paradigm. To provide a point of comparison
with previous literature, we also included a live human demonstration. Notably, there are immense logistical barriers to conducting
live research with humanoid robots. Contrary to common perceptions and depictions in fictional mediums, robots (especially the
advanced type included here that involve multiple points of motion) are not easily portable. They also rely on complex machinery and
programming drivers that can present health and safety hazards for infants. Thus, while it would have been ideal to have included a
live robot model, we were unable to do so.
Based on the exisitng literature, we hypothesized: (1) that rates of imitation would be higher in the human on-screen condition than
the humanoid robot on-screen; (2) that rates of imitation would be higher in the live human condition than the human on-screen condition
and (3) rates of imitation for live human and human on-screen would increase with participant age. Due to the lack of prior research, we
made no specific predictions regarding the developmental trajectory of responses to the robot on screen.
2. Method
2.1. Participants
The final sample included 230 (115 boys and 115 girls) typically developing infants between 11- and 36-months-of-age. Partici
pants were separated into 3 age groups: (1) 11− 17 months (2) 18− 23 months and (3) 24− 36 months (Table 1) to ensure even rep
resentation from 1- to 3-years-of-age and to facilitate gender matching. However, the primary analyses treated age as a continuous
variable. Participation was at either a university laboratory (N = 74; Xage 1.63yrs, SDage .44), a science museum (N = 81; Xage 2.23yrs,
Table 1
Sample characteristics by age group.
Age Group

Mean (months)

SD (months)

Range (months)

Male (N = 115)

Female (N = 115)

Total (N = 230)

12− 17 Months
18− 23 Months
24− 36 Months

15.03
21.26
31.31

1.62
1.67
3.74

11.93− 17.81
18.04− 23.98
24.02− 36.86

25
39
51

29
28
58

54
67
109
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SDage .60), a day-care facility (N = 35; Xage 2.32yrs, SDage .49) or a public playgroup (N = 40; Xage 2.20yrs, SDage .63) (Table 2). Seven
additional infants participated in the experiment; however, these were excluded due to non-compliance (6) or interference by a
caregiver (1).
Due to the nature of the testing environments, whereby no potential participant was turned away from the experiment, sample sizes
were variable across age groups with 1-year-olds most prevalent at the laboratory and 2- to 3-year-olds in playgroups, day-cares, and
the science museum. However, we aimed to recruit a minimum of 15 per condition in each age group. We split 1-year-olds into two age
groups due to the rapid pace of development that occurs in the second year of life.
2.2. Materials and procedures
2.2.1. Materials
2.2.1.1. Apparatus - tasks. Two sets of objects were used, a rattle and a light switch (see Table 2). Those in the screen conditions
observed all tasks on a 12-inch iPad Pro.
2.2.1.2. Rattle. The rattle consisted of three pieces: a base, a shaker, and a handle. The base included a small clear plastic jar with a
white lid. The lid of the jar had a hole cut into the middle and was partially covered by a piece of foam. The outside of the lid was
covered with Velcro. A small blue ball was utilized as the rattle’s shaker. A large yellow plastic jar lid was fixed to the red dowel to act
as the handle. The underside of the yellow lid was also covered in Velcro. The rattle has been successfully used in imitation paradigms
in previous research (Simcock & Dooley, 2007). The task required three actions, performed in the correct sequence, to achieve the goal
state (see Table 3). Participants were required to place the ball inside the jar, to place the handle atop the jar, and then to rotate the
whole apparatus to an inverted position before shaking the rattle to make a sound.
2.2.1.3. Light switch. The light switch task consisted of three pieces: two pieces of a single tool and a wooden box. The tool was two
short red dowels with a round magnet affixed to one end of each, which when placed together make a single long dowel. The wooden
box was a multi-coloured, MDF box with several fixtures. First, a push button was fixed to one side of the box. A piece of long plastic
tubing encased the button. Opposite the button, a light bulb was affixed to the box, and covered by a yellow case. The light switch task
required the child to switch a light on. The task required three actions to achieve the goal state (see Table 3). Infants were required to
assemble a dowel with two magnetized pieces before placing the assembled dowel into a small transparent tube, and then to depress
the button beneath the dowels in order to switch on the light.
2.2.1.4. Apparatus – robot. The robot used in this study is a custom-built research platform, RUBI-6 (Fig. 1). The RUBI-6 robot is the
latest in a line of humanoid robots built for close proximity social interaction with toddlers (Movellan et al., 2009, 2005; Tanaka et al.,
2006). The mechanical components of RUBI-6 comprise two arms with six-degrees-of-freedom, and a head with three
degrees-of-freedom (pitch, yaw, and roll). RUBI-6’s face is an Apple iPad Mini (7.9”) with an animated cartoon face. RUBI-6 speaks
with a synthesized voice. The RUBI-6 robot is capable of complex object manipulation and possesses considerably fluid motion by
current social robotic standards (see supplementary material for video stimuli).
2.3. Design
This study was a mixed design with a 3-way between participants variable (condition: human, human on-screen, humanoid robot
on-screen) and a 2-way within participants variable (task: rattle, light switch). Infants were recruited based on three separate age
groups (spanning 1- to 3-years-of-age).
2.4. Procedure
At the beginning of the experiment, participants were led to a testing area. There were two phases (demonstration and test) to the
experiment, repeated for each task. To begin, the experimenter introduced the first task and signalled the start of the demonstration by
stating “let’s watch.” The full task demonstration was repeated so that all participants saw it twice. Following demonstration of the first
task, the experimenter placed the set of objects in front of the infant/young child and asked: “can you show me what you can do with
these things?” The infant/young child was given 60-seconds to interact with the objects. Each time the infant/young child acted on the
Table 2
Distribution of participants across age and location.
Age Group (months)
11− 17
18− 23
24− 36

Location
University Laboratory

Science Museum

Daycare Facility

Public Playgroup

31
35
8

13
16
52

2
8
25

8
8
25
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Table 3
Comparison of the sequence of actions required for each imitation task.
Rattle
Robot

Light
Human

Robot

Human

For video footage of RUBI-6 performing the demonstration of each task, please see supplementary material.

Fig. 1. RUBI-6 robotic research platform.

objects the experimenter said: “that’s great, what else can you do with these things?” and if a 30-second period elapsed where no
actions were performed, the experimenter would prompt by saying “Can you show me what you can do with these things?” After 60seconds, the experimenter retrieved the first set of objects. The phrase “can you show me what you can do with these things?” explicitly
addresses children’s propensity to copy at the expense of capacity (e.g., if children were asked to reproduce what they had seen) and is
common practice in contemporary social learning research where explicit goals are not stated leaving decisions about what to do to the
4
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child (e.g., Legare et al., 2015; Wilks et al., 2019). This process repeated for the second task. Each participant was randomly assigned to
one of the following three conditions with task order counterbalanced across participants:
2.4.1. Human on-screen
All infants in this condition were shown a video of a human model performing the afore-described sequence of actions. The video
was presented on a 12 inch iPad Pro, with the model’s gaze alternating between the object and the camera. A female voiceover stated
“watch what I can do with these things” at the beginning of the video. The videos were 48 s (rattle) and 62 s (light) in total.
2.4.2. Humanoid robot on-screen
This condition was identical to the human on-screen condition, however the demonstrator was the previously described humanoid
robot, RUBI-6. A computer synthesized female voice stated “watch what I can do with these things” at the beginning of the video. The
videos had identical timing to the “Human on screen” condition, with 48 s (rattle) and 62 s (light) in total.
2.4.3. Live human
A second female experimenter was present in this condition acting as demonstrator. The demonstrator performed the same action
sequence as depicted in the videos live in front of the infant. The demonstrator was seated opposite the infant/young child, and said:
“watch what I can do with these things” at the beginning of the demonstration for each task.

Fig. 2. Infants’ rates of imitation on the Rattle task (Top) and Light switch task (Bottom) for a live human demonstrator (black), a human on screen
demonstrator (dark grey) and a humanoid robot on screen demonstrator (light grey). An asterisk denotes significance (p < .05).
5
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2.5. Coding and reliability
2.5.1. Imitation coding
All coding was conducted by the first author from video footage of the experimental sessions. Imitation for the two tasks was scored
as the total number of correct actions in the correct sequence. Imitation was treated in this way in order to detect the highest fidelity
imitation in the service of achieving the end state goal. Neither task could be completed successfully without the actions being
completed in the demonstrated order. Thus, infants could only score a higher ordered point if all actions prior to the action had been
completed in the correct order. For each task, this resulted in a score from 0 to 3. A score of 0 implied that no target actions were
performed in the correct sequence. Refer to Table 2 for the actions and the associated score of each task.
2.5.2. Inter-rater reliability
For logistical reasons, our main coder was not blind to the condition, thus a secondary coder who was blind to the condition and
study aims coded 20 % of data. According to two-way mixed, consistency, absolute agreement ICC (Mcgraw & Wong, 1996), inter-rater
reliability was in the excellent range for both the rattle task, ICC = 0.98 and the light switch task, ICC = 1.00 (Cicchetti, 1994).
3. Results
Imitative performance was analyzed in generalized linear mixed models using the GLIMMIX procedure in SAS 9.3 (Stroup, 2016),
with results summarized in Table 5. Bonferroni adjustments were applied to all p values and confidence intervals whenever significant
effects were followed up with multiple comparisons. Alpha = .05 was retained by multiplying the follow-up test p values by the number
of follow-up tests, using the Bonferroni adjustment function in the GLIMMIX procedure of SAS 9.4 (i.e., all adjusted p values less than
.05 were significant). Three models were performed utilizing a stepwise approach. Model 1 included the following fixed effects of
interest: Condition (Human, Human on screen, Humanoid robot on screen) and Age (mean-centered continuous variable ranging from
11.93 months to 36.86 months). It also included fixed effects of Task (rattle, light), Sex (Male vs. Female) and Testing Location (Lab,
Museum, Daycare, Playgroup) as control variables and a random intercept to account for individual participant differences.
Model 1 contained a significant effect of Age (b = .08, se = 0.01, p <.001, 95 % CI [.07, .10]), Task (b = .76, se = 0.08, p <.001, 95
% CI [.60, .92]), and Condition (F = 49.35, p <.001), (see Table 5). The significant effect of age indicated that as children increased in
age, imitative fidelity also increased. The significant effect of task indicated that children had higher imitative fidelity for the rattle task
than the light task. Finally, the significant effect of condition suggests that children’s imitation varied as a function of the identity of the
model which demonstrated the task. We followed up the significant Condition effect with two pairwise comparisons. First, we
investigated the video deficit by performing a pairwise comparison between the live human and the human on screen. There was a
significant difference in imitation of the live human and the human on screen, b = 0.27, se = 0.12, p =.035 95 % CI [.02, .53], such that
infants imitated the live human with higher fidelity than the human on screen. Second, we investigated the effect of the robot. We
performed a pairwise comparison between the human on screen and the robot on screen. The human was imitated significantly more
than the robot, b = .79, se = 0.11, p <.001, 95 % CI [.55, 1.04].
Inspection of the descriptive data suggested that age-related changes in the robot deficit unexpectedly varied across the two tasks
(see Fig. 2 and Table 4). Therefore, in addition to a two-way Condition x Age interaction term that examined age-based changes in
imitation across the conditions (see Model 2), we also added an exploratory three-way Condition x Age x Task interaction term (see
Model 3).
Model 2 included a significant Condition x Age interaction F = 6.47, p = .002. This interaction was initially followed up by
examining the Age simple effect for each level of Condition. Children’s imitation increased significantly with increases in age across all
three conditions, although the strength of the age effect was weakest in the robot condition; live human, b = .09, se = .01, p < .001, CI
[0.07, 0.11], human on screen, b = .11, se = .01, p < .001, CI [0.09, 0.13] and robot on screen, b = .06, se = .01, p < .001, CI [0.04,
0.08]. This interaction was also followed up with pairwise comparisons investigating the video deficit and the robot deficit for each age
group (Table 6). The robot deficit was significant at 12- to 17-months and 24- to 36-months, but not 18- to 23-months, whereas the
video deficit was only significant at 18- to 23-months.
Although the Condition x Age interaction was significant, F = 6.47, p = .002, this effect was qualified by the significant Condition x
Age x Task interaction, F = 8.68, p <.001. The relevant cell size for this effect was half compared to the Condition x Age interaction and
as a result less statistical power to detect a significant effect. Nonetheless, despite a lack of power, the Condition x Age x Task
interaction was significant. Furthermore, Model 3 had a substantially smaller AIC value than both Model 1 (ΔAIC = 1214.00) and
Table 4
Mean scores for each imitation task (range of scores: 0-3) for each age group and condition.
Age Group (months)

1
2
3

Rattle

Light

Live Human

Human On-screen

Robot On-screen

Live Human

Human On-screen

Robot On-screen

M

SD

M

SD

M

SD

M

SD

M

SD

M

SD

1.16
2.37
2.58

.83
.60
.55

.94
1.74
2.61

1.00
1.05
.55

.35
1.24
2.12

.79
.88
.89

.32
1.63
2.55

.58
1.42
1.03

.22
.57
2.29

.55
1.08
1.18

.00
.16
.33

.00
.47
.78
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Table 5
Fixed effects for infants’ imitative performance.
Model 1
Variable
Fixed Effects
Intercept
Gender (control)
Location (control)
Task (control)
Condition
Age (months)
Condition x Age
Condition x Age x Task
Random Effects
Intercept
AIC

Model 2

Model 3

b

se

p

b

se

p

b

se

p

.58
− .07
F = .69
.76
F = 49.35
.08

.15
.09

.01

<.001*
.453
.562
<.001*
<.001*
<.001*

–
–
–
–
–
–
F = 6.47

–
–
–
–
–
–

–
–
–
–
–
–
.002

–
–
–
–
–
–
–
8.68

–
–
–
–
–
–
–

–
–
–
–
–
–
–
<.001

.05
1241.24

.06

.181

.026
1232.66

.05

.314

.067
1214.00

.05

.096

.08

Note1. Modelling the likelihood that an infant will score higher values on the imitation task. Note2. F values are indicated wherever it was not possible
to obtain a single b value to summarise the effect. Note3. Interaction values represent unique variance over and above the main effects.
Table 6
Pairwise comparisons for the Age x Condition Interaction.
Rattle
Age Group
1
2
3

Video Deficit

Robot Deficit

b

se

p

95 %CI

b

se

p

95 %CI

.31
.82
− .02

.16
.21
.17

.127
<.001
>.999

− .07, .70
.33, 1.30
− .41, .36

.41
.38
1.23

.16
.22
.17

.025
.187
<.001

.05, .78
− .13, .88
− .84, 1.62

Note. p values and confidence intervals are adjusted for four comparisons per age group.

Model 2 (ΔAIC = 1232.66), suggesting that adding the three-way interaction greatly increased the explanatory power of the model. We
followed up the significant three-way interaction by splitting Age into our original three age groups (see Table 1). We then performed
pairwise comparisons for both the video deficit (live human vs. human on screen) and the robot deficit (human on screen vs. humanoid
robot on screen) within each age group for each task. As summarised in Table 7, both the rattle and light switch task were associated
with a robot deficit in one of the three age groups (also see Fig. 2). Follow-up analyses indicated that, in the rattle task, 12- to 17month-olds imitated the humanoid robot on-screen significantly less than the human on-screen. In the light switch task, imitation
of the humanoid robot on-screen was significantly less than the human on-screen amongst the 24- to 36-months-old. The light switch
task was associated with a video deficit effect only in 18- to 23-month-olds, with these infants imitating the human on screen less than
the live human. There were no significant video deficit effects in the rattle task.
4. Discussion
From countries and cultures as contrasting as Finland (Reuters, 2018) and China (PhysOrg., 2018) robots are having an increasing
status as teachers of infants and young children. While many reasons are proffered in favor of this (e.g., robots are more engaging, they
do not get tired, their skill set – such as being able to converse in multiple languages – can be broad, etc.) what remains
under-researched is their efficacy in facilitating learning. If robots are to be used as teaching tools, are children able to learn as much
from them as they learn from teachers or other teaching tools? The study presented here provides new insight in one specific domain of
learning – imitation.
In this study, infants aged between 1- and 3-years were presented with an agent on a video who showed them how to use two
different objects. One of those agents was an adult human, and one was a humanoid robot. The first key finding is that a propensity for
imitative learning from the robot model was documented, and that this propensity increased with age. This confirms that young infants
can and do learn from screen-based non-human agents. Due to the large numbers tested here, in addition to time constraints, we chose
not to include a no demonstration control condition. However, past research using similar apparatus (Hayne et al., 2003; Herbert &
Hayne, 2000a, 2000b) has shown that infants rarely spontaneously produce the target actions. We are thus confident that at least from
18-months-of-age, infants can learn novel object-directed actions from a robot who appears on a screen. This is important for a number
of reasons.
As already noted, rates of imitation are different depending on the extent that a demonstrator is perceived as an in-group or outgroup member (Buttelmann et al., 2013; Howard et al., 2015; Kinzler et al., 2011; Wilks et al., 2018). In situations where a level
learning playing field is important, such as that where a cultural ingroup bias or developmental disorder is present, using a humanoid
robot (especially one that can be coded to speak with any accented voice, including a synthetic one) may reduce any disjunction
between some infants and the model, compared to a human agent. This work also highlights that young infants can and do learn from
7
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Table 7
Pairwise comparisons for the Age x Condition x Task Interaction.
Age Group

Rattle

Light

Video Deficit

8
1
2
3

Robot Deficit

Video Deficit

Robot Deficit

b

se

p

95 %CI

b

se

p

95 %CI

b

se

p

95 %CI

b

se

p

95 %CI

.37
.60
− .17

.22
.29
.21

.410
.171
>.999

− .20, .94
− .15, 1.34
− .70, .36

.59
.42
.49

.22
.29
.21

.038
.612
.090

.02, 1.17
− .32, 1.16
− .05, 1.04

.25
1.04
.12

.22
.29
.21

>.999
.003
>.999

− .32, .82
.29, 1.78
− .42, .65

.23
.32
1.97

.22
.29
.21

>.999
>.999
<.001

− .35, .80
− .42, 1.06
1.42, 2.51

Note. p values and confidence intervals are adjusted for four comparisons per age group.
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screen-based non-human agents (e.g., Zhang et al., 2019).
Although infants did learn from the robot models, our study revealed that the development of robot imitation followed a different
trajectory than that of both live and on-screen humans. Although performance increased significantly across age for all three groups,
increase in imitation with age was considerably weaker following the imitation of a robot than either human. Thus there was a
protracted development of robot imitation relative to human imitation. This finding is similar to previous research on the video deficit
whereby, over 18- to 42-months-of-age, social learning becomes decreasingly affected when viewing actions modeled by an agent
appearing on video rather than live (Dickerson et al., 2013).
Surprisingly, and contrary to hypothesis, we failed to find convincing evidence for the video deficit. Previous research has reported
a stable effect from 12-months-of-age until 42-months-of-age (Dickerson et al., 2013). Here we found evidence for the video deficit
only in the 18- to 24-month age group, which upon further investigation was driven by performance in the light switch task. The light
switch task is novel to the video deficit paradigm. The rattle task employed in this study is a direct replication of previous video deficit
methodology (Hayne et al., 2003); however, it yielded contradictory findings, with no diminution in copying from live to human
on-screen at any age. Thus, although the video deficit was detected in this study, the effect was weaker and more transient here than in
previous video deficit research.
There are three conceivable reasons for the weak and transient effect of a video deficit in the current study. First, it is possible that
the video deficit is genuine and we failed to find strong evidence for it due to inadvertently introduced methodological discrepancies
with previous studies. Secondly, it is also possible that the video deficit was not well replicated in this study as previous observations of
the effect were sporadic and due to Type I errors, although we find this highly unlikely given the large body of work on the phenomena
and there is currently no meta-anlaytical evidence suggesting a publication bias to the possibility. Alternatively the effect may once
have existed but is now weaker and more transient and may soon be viewed as an historical artifact (Nielsen et al., 2021) Since the
body of work establishing the video deficit was published, infants’ familiarity and engagement with screens has changed from the
passive viewing of television to active and engaging programs and games on a host of devices saturating their daily environment. As a
result of this shift, Click or tap here to enter text.agents appearing on screens may be increasingly processed as socially relevant
partners (Kirkorian, 2018), so infants may view screen-based information in ways that are different from previous generations. This
suggests that as children’s exposure and experience with socially interactive technologies increases, the effect of a video deficit on
learning reduces and may soon vanish altogether. If this speculation is valid, infants and young children living in communities where
there is limited exposure to modern screen-based devices should show the video deficit in ways that those living with extensive
exposure do not. This sits as a topic for further investigation.
The current study presents nuanced findings in infants’ propensity to learn from screen-based technology. They can and do learn
from screen robot models, but appear to suffer what we have termed a ‘robot deficit’ that interacts with age and task. Further research
investigating how age, task conditions and rearing environment (see Neldner et al., 2020; Rawlings & Legare, 2020) influence learning
from robots will be important, as will investigations with live robot models. Children have little experience with the multitude of social
and communicative behaviours a robot can possess. Given previous findings suggesting that the addition of social and communicative
cues can enhance imitative learning from screens (Nielsen et al., 2008) and intention reading of robots (Itakura et al., 2008),
engagement with robots prior to involving them in a social learning task may lead to improvements in imitation fidelity. By increasing
our understanding of the ways our infants acquire information from screens and the non-human agents presented on them, we will be
better placed to design effective learning platforms, especially as we enter a new wave of learning from technology that we are only just
beginning to understand.
Author Statement
Kristyn Sommer: Conceptualization, Methodology, Software, Formal Analysis, Investigation, Data Curation, Writing - Original
Draft, Review and Editing.
Jonathan Redshaw: Formal Analysis, Writing – Review and Editing
Janet Wiles: Conceptualization, Writing – Review and Editing, Supervision, Funding
Virginia Slaughter: Conceptualization, Writing – Review and Editing, Supervision
Mark Nielsen: Conceptualization, Methodology, Resources, Writing – Review and Editing, Supervision, Funding
Ethics statement
Informed consent was obtained from participant’s caregivers. This study was cleared by the University of Queensland’s School of
Psychology Ethics Committee (15-PSYCH-PHD-76-AH).
Declaration of Competing Interest
The authors report no declarations of interest.
Acknowledgements
This work was supported by the Australian Research Council Centre of Excellence for the Dynamics of Language (CE140100041)
and an NSF Science of Learning Center Grant to the Temporal Dynamics of Learning Center (SBE0542013). We would like to thank the
Queensland Museum for their support on this project throughout the data collection period. We would also like to thank Professor
Andrea Chiba for her support and generous resources when working with the RUBI-6 Robot.
9

Infant Behavior and Development 64 (2021) 101614

K. Sommer et al.

References
Anderson, D. R., & Pempek, T. A. (2005). Television and very young children. The American Behavioral Scientist, 48(5), 505–522. https://doi.org/10.1177/
0002764204271506.
Barr, R. (2010). Transfer of learning between 2D and 3D sources during infancy: Informing theory and practice. Developmental Review, 30(2), 128–154. https://doi.
org/10.1016/j.dr.2010.03.001.
Barr, & Hayne, H. (1999). Developmental changes in imitation from television during infancy. Child Development, 70(5), 1067–1081. https://doi.org/10.1111/14678624.00079.
Barr, R., Dowden, A., & Hayne, H. (1996). Developmental changes in deferred imitation by 6- to 24-month-old infants. Infant Behavior and Development. https://doi.
org/10.1016/S0163-6383(96)90015-6.
Belpaeme, T., Kennedy, J., Ramachandran, A., Scassellati, B., & Tanaka, F. (2018). Social robots for education: A review. Science Robotics, 3(21). https://doi.org/
10.1126/scirobotics.aat5954.
Buttelmann, D., Zmyj, N., Daum, M., & Carpenter, M. (2013). Selective imitation of in-group over out-group members in 14-month-old infants. Child Development, 84
(2), 422–428. https://doi.org/10.1111/j.1467-8624.2012.01860.x.
Cicchetti. (1994). Guidlines, criteria, and rules of thumb for evalauting normed and standardized assessment instruments in psychology. Psychological Assessment, 6(4),
284–290. https://doi.org/10.1037/1040-3590.6.4.284.
Dickerson, K., Gerhardstein, P., Zack, E., & Barr, R. (2013). Age-related changes in learning across early childhood: A new imitation task. Developmental Psychobiology,
55(7), 719–732. https://doi.org/10.1002/dev.21068.
DiYanni, C., Nini, D., & Rheel, W. (2011). Looking good versus doing good: Which factors take precedence when children learn about new tools? Journal of
Experimental Child Psychology. https://doi.org/10.1016/j.jecp.2011.06.002.
Fong, F. T. K., Sommer, K., Redshaw, J., Kang, J., & Nielsen, M. (2021). The man and the machine: Do children learn from and transmit tool-use knowledge acquired
from a robot in ways that are comparable to a human model? Journal of Experimental Child Psychology, 208. https://doi.org/10.1016/j.jecp.2021.105148.
Hayne, H., Herbert, J., & Simcock, G. (2003). Imitation from television by 24- and 30-month-olds. Developmental Science, 6(3), 254–261. https://doi.org/10.1111/
1467-7687.00281.
Herbert, J., & Hayne, H. (2000a). Memory retrieval by 18–30 month olds: Age related changes in representational flexibility. Developmental Psychology, 36(4),
473–484.
Herbert, J., & Hayne, H. (2000b). The ontogeny of long-term retention during the second year of life. Developmental Science. https://doi.org/10.1111/14677687.00099.
Howard, L. H., Henderson, A. M. E., Carrazza, C., & Woodward, A. L. (2015). Infants’ and young children’s imitation of linguistic in-group and out-group informants.
Child Development, 86(1), 259–275. https://doi.org/10.1111/cdev.12299.
Itakura, S., Ishida, H., Kanda, T., Shimada, Y., Ishiguro, H., & Lee, K. (2008). How to build an intentional android: Infants’ imitation of a robot’s goal-directed actions.
Infancy, 13(5), 519–532. https://doi.org/10.1080/15250000802329503.
Kinzler, K. D., Corriveau, K. H., & Harris, P. L. (2011). Children’s selective trust in native-accented speakers. Developmental Science, 14(1), 106–111. https://doi.org/
10.1111/j.1467-7687.2010.00965.x.
Kirkorian, H. L. (2018). When and how do interactive digital media help children connect what they see on and off the screen? Child Development Perspectives, 12(3),
210–214. https://doi.org/10.1111/cdep.12290.
Legare, C. H., & Nielsen, M. (2015). Imitation and innovation: The dual engines of cultural learning. Trends in Cognitive Sciences, 19(11), 688–699. https://doi.org/
10.1016/j.tics.2015.08.005.
Legare, C. H., Wen, N. J., Herrmann, P. A., & Whitehouse, H. (2015). Imitative flexibility and the development of cultural learning. Cognition, 142, 351–361. https://
doi.org/10.1016/j.cognition.2015.05.020.
McCall, R. B., Parke, R. D., & Kavanaugh, R. D. (1977). Imitation of live and televised models by children one to three years of age. Monographs of the Society for
Research in Child Development, 42(5), 1–94. https://doi.org/10.2307/1165913.
Mcgraw, K. O., & Wong, S. P. (1996). Forming inferences about some intraclass correlation. Psychological Methods, 1(1), 30–46. https://doi.org/10.1037//1082989X.1.1.30.
McGuigan, N., & Robertson, S. (2015). The influence of peers on the tendency of 3- and 4-year-old children to over-imitate. Journal of Experimental Child Psychology,
136, 42–54. https://doi.org/10.1016/J.JECP.2015.03.004.
Meltzoff, A. N., Kuhl, P. K., Movellan, J., & Sejnowski, T. J. (2009). Foundations for a new science of learning. Science. https://doi.org/10.1126/science.1175626.
Movellan, J., Eckhardt, M., Virnes, M., & Rodriguez, A. (2009). Sociable robot improves toddler vocabulary skills. Proceedings of the 4th ACM/IEEE International
Conference on Human Robot Interaction - HRI’ 09, 307. https://doi.org/10.1145/1514095.1514189.
Movellan, J. R., Tanaka, F., Fortenberry, B., & Aisaka, K. (2005). The RUBI/QRIO project: Origins, principles, and first steps. Proceedings of 2005 4th IEEE International
Conference on Development and Learning, 2005, 80–86. https://doi.org/10.1109/DEVLRN.2005.1490948.
Neldner, K., Reindl, E., Tennie, C., Grant, J., Tomaselli, K., & Nielsen, M. (2020). A cross-cultural investigation of young children’s spontaneous invention of tool use
behaviours. Royal Society Open Science. https://doi.org/10.1098/rsos.192240.
Nielsen, M., Fong, F., & Whiten, A. (2021). Social learning from media: The need for a culturally diachronic developmental psychology. Advances in Child Development
and Behavior.
Nielsen, M., Simcock, G., & Jenkins, L. (2008). The effect of social engagement on 24-month-olds’ imitation from live and televised models. Developmental Science, 11
(5), 722–731. https://doi.org/10.1111/j.1467-7687.2008.00722.x.
PhysOrg. (2018). Robot teachers invade Chinese kindergartens. August 29. Phys.Org..
Rawlings, B., & Legare, C. H. (2020). Toddlers, tools, and tech: The cognitive ontogenesis of innovation. Trends in cognitive sciences. https://doi.org/10.1016/j.
tics.2020.10.006.
Reuters. (2018). Finland schools are testing out robot teachers. March 27. New York Post.
Schleihauf, H., Hoehl, S., Tsvetkova, N., König, A., Mombaur, K., & Pauen, S. (2021). Preschoolers’ motivation to over-imitate humans and robots. Child Development,
92(1), 222–238. https://doi.org/10.1111/cdev.13403.
Shiomi, M., Kanda, T., Ishiguro, H., & Hagita, N. (2007). Interactive humanoid robots for a science museum. IEEE Intelligent Systems. https://doi.org/10.1109/
mis.2007.37.
Simcock, G., & Dooley, M. (2007). Generalization of learning from picture books to novel test conditions by 18- and 24-month-old children. Developmental Psychology,
43(6), 1568–1578. https://doi.org/10.1037/0012-1649.43.6.1568.
Slaughter, V., & Corbett, D. (2007). Differential copying of human and nonhuman models at 12 and 18 months of age. The European Journal of Developmental
Psychology, 4(1), 31–45. https://doi.org/10.1080/17405620601005622.
Sommer, K., Davidson, R., Armitage, K. L., Slaughter, V., Wiles, J., & Nielsen, M. (2020). Preschool children overimitate robots, but do so less than they overimitate
humans. Journal of Experimental Child Psychology. https://doi.org/10.1016/j.jecp.2019.104702.
Stroup, W. W. (2016). Generalized linear mixed models: Modern concepts, methods and applications by Walter W. Stroup. International statistical review. CRC Press.
Tanaka, F., Cicourel, A., & Movellan, J. R. (2007). Socialization between toddlers and robots at an early childhood education center. Proceedings of the National
Academy of Sciences of the United States of America, 104(46), 17954–17958. https://doi.org/10.1073/pnas.0707769104.
Tanaka, F., Movellan, J. R., Fortenberry, B., & Aisaka, K. (2006). Daily HRI evaluation at a classroom environment: Reports from dance interaction experiments.
Proceeding 1st Annual Conference on Human Robot Interaction HRI, 3–9. https://doi.org/10.1145/1121241.1121245.
Tomasello, M. (1999). The cultural origins of human cognition. In The cultural origins of human cognition (Vol. 114).
Whiten, A., Horner, V., & Marshall-Pescini, S. (2005). Selective imitation in child and chimpanzee: A window on the construal of others’ actions. In Perspectives on
imitation: From neuroscience to social science - volume 1: Mechanisms of imitation and imitation in animals (Vol. 1, pp. 263–283).

10

Infant Behavior and Development 64 (2021) 101614

K. Sommer et al.

Wilks, M., Kirby, J., & Nielsen, M. (2018). Children imitate antisocial in-group members. November 1 Developmental Science, 21(6), Article e12675. https://doi.org/
10.1111/desc.12675.
Wilks, M., Redshaw, J., Mushin, I., & Nielsen, M. (2019). A cross-cultural investigation of children’s willingness to imitate prosocial and antisocial groups. Journal of
Experimental Child Psychology. https://doi.org/10.1016/j.jecp.2019.04.018.
Zhang, Q., Cao, Y., Gao, J. Y., Yang, X., Rost, D. H., Cheng, G., Teng, Z. J., & Espelage, D. L. (2019). Effects of cartoon violence on aggressive thoughts and aggressive
behaviors. Aggressive Behavior. https://doi.org/10.1002/ab.21836.

11

