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This study examined the effect of a “ghost” demonstration on toddlers’ imitation. In the ghost condition, vir-
tual pieces moved to make a fish or boat puzzle. Fifty-two 2.5- and 3-year-olds were tested on a touchscreen
(no transfer) or with 3D pieces (transfer); children tested with 3D pieces scored above a no demonstration
baseline, but children tested on the touchscreen did not. Practice on the touchscreen (n = 23) by 2.5- and 3-
year-olds prior to the ghost demonstration did not improve performance. Finally, children who learned the
puzzle task via a social demonstration and were tested on the touchscreen (n = 26) performed better than the
ghost conditions. Taken together, these studies demonstrate that social demonstrations enhance learning from
novel touchscreen tools during early childhood.

Use of touchscreen devices by 2- to 4-year-olds in
the United States increased from 39% to 80%
between 2011 and 2013 (Rideout, 2013). Touchsc-
reens have advantages over other media because
they can provide interactive and contingent feed-
back, but also have limitations; children may not
receive sufficient scaffolding to learn effectively
from such platforms (Chiong, Takeuchi, & Erickson,
2012; Parish-Morris, Mahajan, Hirsh-Pasek, Golink-
off, & Collins, 2013). Many educational apps do not
include social demonstrators, and instead display
on-screen objects that move by themselves. Young
children demonstrate a transfer deficit, consistently
learning fewer actions when they have to transfer
learning from television and touchscreens to real-
world objects, compared to when no transfer is
required (Dickerson, Gerhardstein, Zack, & Barr,

2013; Moser, Zimmermann, Grenell, Barr, & Ger-
hardstein, 2015; Zack, Barr, Gerhardstein, Dicker-
son, & Meltzoff, 2009; Zack, Gerhardstein, Meltzoff,
& Barr, 2013; Zimmermann et al., 2015). Barnett
and Ceci (2002) define transfer as the application of
information to a situation distinctly different from
the condition in which it was learned and can be
applied to conditions changing from 2D to 3D. The
transfer deficit may be partly accounted for by the
differences in dimensionality between the time of
encoding and the point of retrieval; that is, children
experience difficulty in generalizing their learning
across changes in the physical context (Barr, 2010,
2013).

Other researchers have focused on the lack of
social contingency to account for the transfer deficit
(Nielsen, 2006; Troseth, 2010). Ghost displays (a
term coined by Fawcett, Skinner, & Goldsmith,
2002) provide a unique opportunity to examine the
role of social contingency in learning from media.
In a ghost condition, an apparatus is moved with-
out obvious influence from the demonstrator,
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usually on a screen or by fishing line (for review,
see Hopper, 2010). The use of the ghost display
assesses whether or not the experimenter’s behavior
is necessary for the subject to learn. If learning
occurs from the ghost display, it is inferred that it
was done through emulation. An enhanced ghost
control has also been used (Fawcett et al., 2002).
This method is the same as the original ghost con-
dition, but an experimenter is positioned near the
apparatus and directs visual attention to the task.
Using an enhanced ghost condition controls for the
effect of a social presence during the encoding per-
iod (Hopper, 2010).

Researchers have used ghost displays to manip-
ulate the conditions of social learning by infants
(Huang & Charman, 2005; Tennie, Call, & Toma-
sello, 2006), toddlers (Thompson & Russell, 2004),
preschoolers (Subiaul, Vonk, & Rutherford, 2011;
Subiaul et al., 2007), and adults (Jacobson & Sise-
more, 1976), as well as nonhuman species (Groes-
beck & Duerfeldt, 1971; Klein & Zentall, 2003)
and in comparative studies (e.g., Hopper, Lam-
beth, Schapiro, & Whiten, 2008). Findings have
been mixed with some studies showing no differ-
ences between ghost and social demonstrations
(e.g., Hopper et al., 2008; Jacobson & Sisemore,
1976; Klein & Zentall, 2003), while other studies
demonstrating significantly poorer performance
following a ghost relative to the social demonstra-
tion (e.g., Groesbeck & Duerfeldt, 1971; Hopper,
Lambeth, Schapiro, & Whiten, 2015; Subiaul et al.,
2011; Tennie et al., 2006). When the task is simple
and has some clear object affordances, perfor-
mance following a ghost and social demonstration
does not differ. For example, Hopper et al. (2008)
compared performance by chimpanzees to perfor-
mance by 3- to 4-year-old children on a simple
one-step bidirectional door sliding task. In the
push demo group, the subject would see another
child slide the door and get a reward, while in
the enhanced ghost control group, the door
seemed to slide without human control while a
child sat in front of the box. The authors reported
no significant difference between live demonstra-
tion and enhanced ghost control groups. Both
chimpanzees and children matched the direction
of the door movement to retrieve a reward in the
enhanced ghost condition on their first trial (see
also Klein & Zentall, 2003). There were, however,
age-related changes in the ability to learn from an
enhanced ghost demonstration using this task.
Using the same one-step bidirectional door sliding
task, Tennie et al. (2006) tested infants (12, 18,
and 24 months), as well as four great ape species.

Twelve-month-old children were unable to per-
form the task in either the enhanced ghost or live
demonstration conditions, while 18-month-olds
were only successful in the live condition. How-
ever, 24-month-olds were able to succeed in both
the enhanced ghost and live demonstrated condi-
tions. Taken together, results from these studies
indicate that by 24 months, children can learn a
single goal-directed action in the absence of a
demonstrator.

In other instances, where the task is more
complex, or the affordances are less obvious and
outside the animal’s typical repertoire, it appears
that the social demonstration provides scaffolding
needed to facilitate learning over and above the
ghost demonstration (Hopper, Flynn, Wood, &
Whiten, 2010). For example, Thompson and Russell
(2004) examined learning of a hidden pulley system
by 14- to 26-month-olds. The conditions included
two counterintuitive demonstrations (a) simple,
where a mat was pushed backward resulting in a
toy moving forward (“single mat”), and (b) com-
plex, where pulling the first mat without a toy
enabled the second mat with the toy to move for-
ward (“double mat”). Infants in the ghost demon-
stration performed more actions in the simple
single-mat task, but less in the complex double-mat
task compared to the social demonstration.

A few studies have also taken advantage of
screens to examine learning from ghost demonstra-
tions. Screens have an advantage in that they do
not have hidden wires or pulley systems, but
instead use edited video footage. Huang and Char-
man (2005) randomly assigned 17-month-olds to
one of three demonstration conditions: (a) full
demonstration on video, (b) ghost display (objects
moved but experimenter was digitally removed
from video), (c) body movement display (experi-
menter’s movement shown but objects digitally
removed from video), or a baseline control condi-
tion. They reported that 17-month-olds were able to
imitate the one-step target actions (e.g., pull apart a
dumbbell) significantly more in the full demonstra-
tion and ghost display relative to body movement
or control conditions. This suggests that object
movement can provide infants with salient informa-
tion about the capacity of a particular object to be
used to achieve a goal. Potentially prior knowledge
of the objects themselves, coupled with object
movement, allowed for affordance learning.

Finally, Subiaul et al. (2007, 2011) compared
performance between typically developing
preschoolers and children diagnosed with autism
spectrum disorders on sequence learning tasks
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presented on touchscreens via a ghost or a social
demonstrator. They found that performance on a
three-step cognitive imitation sequence (press three
images in the correct order, e.g., apple–boy–cat)
did not differ as a function of demonstration con-
dition or as a function of clinical diagnosis. All
children imitated the sequence significantly better
than individual trial-and-error baseline condition.
In a subsequent study, Subiaul et al. (2011) exam-
ined whether children’s attribution of agency to
the computer or training on the task influenced
learning via a ghost or social demonstrator. They
found that performance was enhanced in the social
demonstration conditions over the ghost demon-
stration conditions when there was not a training
phase even though children attributed agency to
the computer. That is, when the task was complex,
the affordances were not obvious and in the
absence of training, the social demonstration facili-
tated task performance.

A recent study exposed chimpanzees to an esca-
lating series of social demonstrations to investigate
the role of social support when observing ghost dis-
plays (Hopper et al., 2015). The task was a two-
action Pan-pipes tool-use task that has been used
previously with children (Hopper et al., 2010) and
chimpanzees. Chimpanzees presented with various
displays in their home social groups showed no
success in solving the task in baseline, trial-and-
error, and ghost display conditions. Next, Hopper
et al., 2015 presented chimpanzees with a series of
five sequential tests to assess learning (baseline,
ghost display, human model, chimpanzee video,
live chimpanzee). Most chimpanzees were only suc-
cessful after watching a live chimpanzee demon-
strate the task suggesting live demonstrations and
the species demonstrating impact learning from
novel imitation tasks.

Although cognitive factors associated with the
transfer deficit have been examined, social manipu-
lations have not been completely explored. In the
present study, we further examine learning by tod-
dlers from ghost demonstrations using a complex
touchscreen-based puzzle imitation task (Dickerson
et al., 2013). Moser et al. (2015) used this task to
compare 2.5- and 3-year-olds’ transfer of learning.
Children were shown either a live touchscreen
demonstration (2D) or a live (3D) demonstration of
the magnet puzzle task in which an experimenter
made a fish or boat on the touchscreen or with real
puzzle pieces on a magnetized puzzle board. Chil-
dren were subsequently tested on the touchscreen
or the puzzle board. This allowed for a fully
crossed design, where children were tested on a no

transfer task (e.g., demonstration on the 2D
touchscreen and test on 2D touchscreen) or a trans-
fer task (e.g., demonstration on the 2D touchscreen
and test on the 3D magnet board). Moser et al.
reported that although older children outperformed
younger children, there was a bidirectional transfer
deficit; no transfer groups produced higher imita-
tion performance than transfer groups (see also
Zack et al., 2009; Zack et al., 2013 for the same pat-
tern of results with 15-month-old infants). Children
failed to transfer learning across dimensions regard-
less of transfer direction. Moser et al. concluded
that the poor memory flexibility was a barrier to
transfer learning that persisted until children were
3 years of age or older.

The present study extends that of Moser et al.
(2015) to test the ability of 2.5- and 3.0-year-old
children to learn how to assemble a puzzle from a
demonstration on a touchscreen in which the
pieces move on their own across a virtual board
surface while an experimenter is present. This
enhanced ghost demonstration is referred to as
“ghost” throughout as we did not include a ghost
condition where an adult experimenter was absent.
Children were subsequently tested with either the
2D touchscreen puzzle or with the 3D magnetic
puzzle. Based on the transfer deficit literature, we
predicted that, following a ghost demonstration on
the touchscreen, children would perform better
when tested on a touchscreen than a magnet
board. We also predicted that 3-year-olds would
perform significantly better than 2.5-year-olds, as
reported in previous studies using this task (Dick-
erson et al., 2013; Moser et al., 2015; Zimmermann
et al., 2015).

Experiment 1a: Transfer of Learning From Ghost
Conditions

In Experiment 1a, we examined whether children
could transfer learning from a 2D ghost demonstra-
tion to a 3D puzzle test relative to a 2D touchscreen
test. Children were randomly assigned to one of
two conditions: no transfer ghost 2D or transfer ghost
3D. In the no transfer ghost 2D condition, children
viewed a (2D) ghost demonstration followed by a
2D touchscreen test. In the transfer ghost 3D condi-
tion, children viewed a (2D) ghost demonstration
followed by a 3D test on the magnet puzzle board
(ghost 3D). We predicted that children in the no
transfer group (ghost 2D) would perform better
than those in the transfer group (ghost 3D) based
on transfer findings from Moser et al. (2015).

Social Scaffolds Promote Learning 3



Method

Participants

The study included 52 typically developing chil-
dren (23 boys) from two metropolitan areas. Data
were collected from May 2014 to February 2016.
Independent groups of children were tested at
2.5 years (N = 27, Mage = 30 months 16.9 days,
SD = 12.85 days, range = 29.77–31.54 months) and
3 years (N = 25, Mage = 36 months 14.19 days,
SD = 14 days, range = 35.68–37.22 months). Partici-
pants were primarily Caucasian (73.1%) and from
college-educated families (Myears of education = 17.56,
SD = 1.30). The remaining 27% of the sample
included the following races: mixed (17.3%), Afri-
can American (1.9%), and Asian (7.7%). Addition-
ally, 9.6% of the sample was Latino. The mean rank
of socioeconomic index (SEI; Nakao & Treas, 1992)
was 77.54 (SD = 14.02) based on 36 (69%) families.
Additional children were excluded from the analy-
sis for the following reasons: six due to parental
interference, four due to technical error, and two
for interacting with the stimuli prior to test.

Baseline data from Moser et al. (2015) was
included (N = 50, 28 boys) as a comparison sample.
Additionally, we partially replicated the previously
collected baseline data (N = 24, 13 boys) using the
same methods as the current study and Moser et al.
(2015). The partial replication sample included 2.5-
year-olds (N = 12, Mage = 30 months 14.60 days,
SD = 12.67 days) and 3-year-olds (N = 12, Mage =
36 months 11.86 days, SD = 13.18 days). As with
the above sample, the participants were primarily
Caucasian (87.5%) but included those of mixed race
(0.04%) and Asian (0.04%). Of the replication

baseline sample, 12.5% was Latino. The average
years of education was 17.42 (SD = 0.93) and the
mean rank of SEI was 72.62 (SD = 19.45) based on
19 (79.2%) families.

Apparatus

The Planar touchscreen apparatus, model
LA1710RTC (17 in. diagonal touchscreen display)
with capacitive touch hardware was set on a small
table, measuring 13 in. high 9 24 in. wide 9 18 in.
deep. The child was seated on a stool in front of it
within reaching distance. The apparatus was made
of black plastic and was 35.5 cm tall, 42 cm wide,
and 23.3 cm deep. For the 3D tests, the apparatus
contained a removable school bus yellow magnetic
board. For the 2D tests, the touchscreen display
with 1,280 9 1,024 resolution was used throughout
and had the same colored background as the 3D
magnetic board (Figure 1).

3D magnetic stimuli. The two types of puzzles
for the 3D test were the same as those for the 2D
test, representing a “boat” and a “fish.” The two
starting positions at the beginning of the test were
the same as those used in the 2D demonstrations.
The boat, when fully assembled, measured 15.2 cm
high at the center and 12.1 cm long at the widest
point. The fish, when fully assembled, measured
8.9 cm high at the widest point and 15.2 cm long
from the end of the green piece to the end of the
blue piece (from Dickerson et al., 2013). The 3D
magnetic puzzle pieces (0.5 cm depth) were located
in three corners of the apparatus. The pieces were
removable and could be easily slid around on the
magnet board.

Figure 1. Stimuli. Left: Magnetic board (3D) puzzle start/end configurations. Right: Touchscreen (2D) start/end configurations. [Color
figure can be viewed at wileyonlinelibrary.com].

4 Zimmermann, Moser, Lee, Gerhardstein, and Barr



2D touchscreen stimuli. At the beginning of the
test, the images of puzzle pieces were located in
three corners of the apparatus and there were two
starting positions. The 2D stimuli were generated
from high-resolution photographs of the 3D pieces
in order to match color and size. The ghost demon-
stration was made by video-capturing the move-
ment of the puzzle pieces and corresponding verbal
cues made by an adult demonstrator. In this way
the movement of the puzzle pieces were identical
to those of a social demonstration.

Procedure

All protocols were approved by the Georgetown
University and Binghamton University Internal
Review Boards. Participants were randomly
assigned to the ghost 2D or ghost 3D conditions.
The session began with a brief play session, to
make the child comfortable and minimize distrac-
tion during the test.

Demonstration phase. The demonstration began
with the touchscreen covered with a black cloth.
During the ghost demonstration (see Figure 2), the
experimenter lifted the cloth and allowed the ghost
video to run. The ghost video consisted of three repe-
titions of the same recording. The first piece moved
while a female voice said, “Look at this.” The second
piece then moved to fit with the first piece, and the
voice said, “What was that?” The last component
moved, and the voice said, “Isn’t that fun?” The
recorded female voice was different from the live
experimenters. In the ghost demonstration the
shapes slide across the screen making the 2D object
motion analogous to a 3D social demonstration
(Dickerson et al., 2013) except no gesture was pre-
sent. The video then repeated twice for a total of

three demonstrations lasting approximately 60 s
(M = 61 s, SD = 4 s). The voice concluded with,
“Now it’s your turn.” Once the puzzle was complete,
the experimenter covered the display with the black
curtain to obscure the child’s view while the pieces
were moved back to their starting positions by press-
ing the spacebar on the touchscreen (2D).

Test phase. Half the participants were tested on a
touchscreen, ghost 2D, and half using a real
magnetic puzzle board, ghost 3D. Once the demon-
stration concluded, the experimenter reset the
touchscreen magnet program for the no transfer
ghost 2D group or added the magnet board and
magnet pieces for the transfer ghost 3D group. A
short delay (no transfer: M = 19.67 s, SD = 8.14 s;
transfer: M = 25.55 s, SD = 5.43 s) separated the
start of the test phase from the end of the demon-
stration phase. The test phase began when the
experimenter lifted the black cloth to reveal either
the touchscreen or the magnetic board, with pieces
in their starting positions and said “Now it’s your
turn.” If the child did not approach the apparatus
soon after the test phase began, the experimenter
encouraged the child to interact with the puzzle
using nonspecific prompts (i.e., “It’s your turn” or
“It’s ok, you can touch it”). Each child was given
60 s from their first contact with the touchscreen or
magnetic board to interact with the apparatus. The
ghost 2D and ghost 3D groups were compared to
baseline 2D and baseline 3D groups, respectively,
that had been collected by Moser et al. (2015),
obtained using the same sampling methods from
the same geographic regions. Children in the base-
line conditions participated only in the test phase to
estimate the rate of spontaneous production of the
demonstrated actions during puzzle play and com-
pleted the manipulation check. For these

Figure 2. The ghost demonstration phase (left) and test phase (right) on the touchscreen using the virtual 2D pieces to make the fish
puzzle. Note presence of experimenter (not demonstrating) during the ghost demonstration. [Color figure can be viewed at wileyonline-
library.com].
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participants, the test phase was identical to the
ghost 2D and ghost 3D conditions except that they
did not view a ghost demonstration. Following the
test phase, the experimenter demonstrated the tar-
get actions once, and gave the child the opportunity
to interact with the apparatus. The manipulation
check was performed to ensure that children were
physically capable of sliding and connecting the
puzzle pieces on the magnetic board and the
touchscreen. All passed the manipulation check.
When tests were completed the child received a
small toy such as a ball and a certificate for partici-
pating.

Coding

Each session was video-recorded for later coding
in Datavyu (Datavyu Team, 2014), a software pro-
gram designed for flexible behavioral coding. All
behaviors were time-stamped and coded goals. The
coding scheme is identical to that used by Moser
et al. (2015).

On-task behaviors. Each contact with a puzzle
piece (beginning when a piece was touched and
ending when the touch ended) was coded along
two dimensions, gesture and goal. The combined
behavior was considered an on-task behavior. On-
task behaviors excluded exploratory play (interac-
tions where the piece was removed from the board
for more than 3 s) and microgestures (a piece was

“nudged,” meaning that it was moved < 1/6 of the
board) not resulting in any connection.

Goal coding. Coded actions that connected puzzle
pieces included the following categories of goals: cor-
rect connection, target–error connection, and connect
other (Table 1). Based on 30% of all test sessions col-
lected in Experiments 1a and 1b that were rescored
by a second coder, interrater reliability was above
the acceptable level of .70 (Landis & Koch, 1977);
jgoal = .921.

Goal imitation score. Following Dickerson et al.
(2013), children received one point for each correct
connection (max = 2 correct connections). The goal
imitation score was then converted to a proportion
(out of two). Although we had previously estab-
lished that we could calculate a goal efficiency mea-
sure using these same codes (Moser et al., 2015;
Zimmermann et al., 2015), we only report the goal
imitation scores in the present study as the pattern
of results for goal efficiency was similar.

Results

Both daily puzzle play (M = 23 min,
SD = 22 min), and the frequency of daily touch-
screen usage (M = 20 min, SD = 26 min) were com-
mon daily activities for children in the present
study. A 2 (age: 2.5, 3.0 years) 9 2 (condition: ghost
2D, ghost 3D) 9 2 (sex: male, female) analysis of
variance (ANOVA) yielded a main effect of condi-
tion F(1, 44) = 20.84, p < .001, g2

p ¼ :32, and a main
effect of age, F(1, 44) = 4.43, p < .05, g2

p ¼ :09. Post
hoc Tukey’s honestly significant difference (HSD)
tests showed that children performed significantly
better (p < .05) on the ghost 3D (M = 0.56, SD = 0.50)
than the ghost 2D condition M = 0.17, SD = 0.31)
and that older children M = 0.52, SD = 0.49) out-
performed younger children (M = 0.22, SD = 0.38;
Table 2). A Sex 9 Age interaction was present,
F(1, 44) = 11.16, p < .01, g2

p ¼ :20, as well as a
Sex 9 Condition interaction, F(1, 44) = 4.89, p < .05,
g2
p ¼ :10. Both of these interactions were unex-

pected and our design was not powered to

Table 1
Definitions for the Goal Codes and the Goal Imitation Measure

Goal codes Definitions

Correct
connection

Puzzle piece is connected to the central piece
in the correct location and orientation within
approximately 2 mm of touching.

Target–error
connection

Pieces connected either (a) in the correct
location but incorrect orientation (e.g., one
piece turned sideways), (b) not within the
2 mm threshold, or (c) disconnected before
the end of the behavior.

Connect other Connections made to nontarget pieces (e.g.,
connecting the two sails together in the boat
puzzle).

No connection An on-task behavior that did not result in
any type of connection.

Measure Calculation

Goal imitation Number of correct connections/2
(max. possible
correct connections)

Table 2
Means (SD) of Male and Female 2.5- and 3-Year-Olds in the Ghost
2D and Ghost 3D Conditions

2.5-year-olds 3-year-olds

Male Female Male Female

Ghost 2D .17 (.26) .06 (.18) .08 (.20) .42 (.49)
Ghost 3D .88 (.25) .11 (.33) .71 (.49) .83 (.41)
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systematically examine sex differences. An examina-
tion of the means did reveal an interesting pattern
of results that require further empirical attention.
Younger (2.5-year-old) females performed worst on
the ghost 3D condition, but older (3-year-old)
females performed best on the ghost 3D condition
(see Table 2). The Sex 9 Age interaction occurs due
to the fact that the 2.5-year-old boys in the ghost
3D group are doing surprisingly well, but other-
wise overall that 3-year-olds olds are outperforming
2.5-year-olds.

Wilcoxon nonparametric tests were used to com-
pare test performance to baseline 2D and baseline 3D
groups collected by Moser et al. (2015) combined
with partial replication data not previous reported.
Children of both ages in the ghost 3D conditions pro-
duced significantly more correct goals than age- and
test dimension-matched baseline controls (ps < .05). In
contrast, children in the ghost 2D condition did not
perform above 2D baseline at either age.

Experiment 1b: How Does Practice Influence
Learning From a Ghost Demonstration?

The outcome of Experiment 1a was surprising.
Although children performed significantly above
baseline in the ghost 3D condition, performance
plummeted to baseline levels in the ghost 2D
condition. It is possible that without a social
demonstration, children were simply unaware
that the image was presented on a functional
touchscreen. Even with encouragement, this lack
of awareness may have limited goal imitation in
the ghost 2D condition. To rule out this possibil-
ity, in Experiment 1b we added a touchscreen
practice activity prior to demonstration, to ensure
that all children were familiarized with the
touchscreen apparatus. Children practiced inter-
acting with the touchscreen using a commercially
available drawing program, followed by a ghost
demonstration and 2D touchscreen test (prac-
tice + ghost 2D).

Given that prior studies had shown that training
enhanced learning via a ghost demonstration (Subi-
aul et al., 2011), presumably by increasing the
child’s understanding of the object affordances of
the touchscreen, we predicted that giving children
practice with the touchscreen would elevate their
performance. Specifically, we predicted children in
the practice + ghost 2D group would perform bet-
ter than those in the ghost 2D condition from
Experiment 1a because they should benefit from the
interactive knowledge of the touchscreen apparatus

provided by the practice session prior to the
demonstration.

Method

Participants

The study included 23 typically developing chil-
dren (11 boys) from two metropolitan areas. Inde-
pendent groups of children were tested at 2.5 years
(N = 12, Mage = 30 months 16.9 days, SD =
9.37 days, range = 30.19–31.04 months) and 3 years
(N = 11, Mage = 36 months 17.36 days,
SD = 13.59 days, range = 35.81–37.22 months). Par-
ticipants were primarily Caucasian (91.3%) and
from college-educated families (Myears of education =
15.52, SD = 2.182). The remaining 8.7% of the sam-
ple included the following races: mixed (4.3%) and
African American (4.3%). The mean rank of SEI
(Nakao & Treas, 1992) was 64.85 (SD = 20.669)
based on 20 (87%) families. One additional child
was excluded due to parental interference.

Apparatus and Procedure

The touchscreen apparatus and demonstration
and test procedures for the 2D touchscreen were
identical to those used in Experiment 1a except that
children in the practice 2D-ghost condition partici-
pated in a brief practice session prior to the ghost
demonstration. Following the warm-up, the child
participated in a touchscreen practice session using
a commercially available drawing program. Practice
began after the experimenter removed the black
cloth that covered the touchscreen. A square
(10.16 9 9.53 cm) and circle (10.80 cm diameter)
were outlined on the screen against a white back-
ground (see left panel Figure 3). The experimenter
prompted the child to touch the shapes with
phrases like, “look at the circle,” “you can touch
it,” “now touch the square,” and “wow, wasn’t that
fun?” When the child touched either of the shapes
or the background, they filled in with a teal color.
The practice phase (M = 40 s, SD = 52 s) ended
when the child successfully touched and filled in
the circle and square. The practice phase was fol-
lowed by the identical ghost demonstration from
Experiment 1a and the 2D test phase protocol.

Results

As in Experiment 1a, daily puzzle play
(M = 30 min, SD = 39 min) and touchscreen usage
(M = 37 min, SD = 35 min) were common daily
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events for children in the practice ghost 2D group.
Coding was identical to Experiment 1a. A 2 (age:
2.5, 3.0 years) 9 2 (condition: ghost 2D, prac-
tice + ghost 2D) 9 2 (sex of the child: male, female)
ANOVA on goal imitation yielded no main effect
of age; F(1, 42) < 1, ns, no effect of experimental
condition, F(1, 42) = 1.50, p = .23, but a main effect
of sex of the child emerged, F(1, 42) = 5.16, p < .05,
g2
p ¼ :11. There were no significant interactions. A

post hoc Tukey’s HSD test revealed that females
(M = 0.33, SD = 0.39) performed significantly better
(p < .05) than males (M = 0.13, SD = 0.27). Once
again, Wilcoxon nonparametric tests revealed that
3-year-olds in the practice ghost 2D conditions
(M = 0.21, SD = 0.33) did not perform signifi-
cantly above age-matched baseline 2D control
group (M = 0.13, SD = 0.23). The 2.5-year-olds
(M = 0.42, SD = 0.42) performed significantly
above (p < .05) the age-matched baseline 2D
group (M = 0.08, SD = 0.25), showing some
benefit of the practice session. Although females
performed significantly better than males, the
practice group did not outperform the no practice
group. That is, poor performance on the ghost 2D
condition could not be accounted for by poor
understanding of the functionality of the touch-
screen apparatus.

Does Performance Following a Ghost Demonstration
Differ From a Social Demonstration?

We also elected to partially replicate our Moser
et al. (2015) on the social demonstration performed
with the same virtual touchscreen pieces as in the
current study. We could then compare whether
the demonstrator influenced learning from a
touchscreen or transfer to 3D objects. By comparing
these 2D touchscreen demonstration conditions

(ghost 2D vs. social 2D), we may examine how
social scaffolds influence learning on a transfer task.
We predicted that performance in the social demon-
stration group would be greater than the ghost
demonstration group.

Participants

The participants for social demonstration condi-
tions collected by Moser et al. (2015) were drawn
from the same geographical location using the
same recruitment methods and their demographic
profile did not differ for participants in the present
study. Partial replication of the social demonstra-
tion conditions were combined with Moser et al.
(2015) to form the comparison groups. This replica-
tion data included both 2.5-year-olds (N = 15,
Mage = 30 months 14.30 days, SD = 12.03 days)
and 3-year-olds (N = 11, Mage = 36 months
17.95 days, SD = 11.69 days) from college-educated
families (Myears of education = 17.46, SD = 1.07). The
majority of participants were Caucasian (80.8%)

Start Screen Child Touches Screen End of Practice 

Figure 3. The touchscreen practice session was standardized across children and all children were instructed to touch items on the
screen. [Color figure can be viewed at wileyonlinelibrary.com].

Table 3
Description of the Demonstration and Test Conditions and Experi-
menter Actions for the Social (Moser et al., 2015) and Ghost Groups
(Present Study) for the Cross Experiment Comparison

Group name Demo Experimenter action Test

Ghost 2D G Virtual pieces automatically move TS
Ghost 3D G Virtual pieces automatically move MB
Social 2D S Experimenter slides virtual pieces

on the touchscreen
TS

Social 3D S Experimenter slides virtual pieces
on the touchscreen

MB

Note. All groups saw a 2D demonstration, followed by either a
2D or 3D test. Group name denotes demonstration test type.
G = ghost; S = social; TS = touchscreen; MB = magnet board.
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and the mean rank of SEI was 78.62 (SD = 11.19)
based on 22 (84.62%) families.

Apparatus and Procedure

The apparatus, procedure, and coding protocols
for the social demonstration groups were identical
to the ghost demonstration conditions, except that
an experimenter moved the puzzle pieces on the
touchscreen instead of the pieces moving automati-
cally (see Table 3).

Results

A three-factor ANOVA on Model (ghost,
social) 9 Transfer (2D, 3D) 9 Age (2.5, 3.0 years)
on goal imitation scores yielded a main effect of
age, F(1, 133) = 24.31, p < .001, g2

p ¼ :15, a main
effect of transfer F(1, 133) = 5.77, p < .05, g2

p ¼ :04,
and a main effect of model F(1, 133) = 19.25,
p < .001, g2

p ¼ :13. Post hoc Tukey’s HSD tests
showed that overall, children learned significantly
better (p < .05) from the social model (M = 0.65,
SD = 0.44) than the ghost model (M = 0.37, SD = 0.45)
and that 3.0-year-old children (M = 0.73, SD = 0.41)
performed significantly better than 2.5-year-olds
(M = 0.38, SD = 0.44; Figure 4). Additionally, chil-
dren performed significantly better in the transfer

3D test group (M = 0.61, SD = 0.48) than the no
transfer 2D test group (M = 0.48, SD = 0.44). The
effect of the model were qualified by a significant
Model 9 Transfer interaction, F(1, 133) = 9.63,
p < .01, g2

p ¼ :07. Post hoc Tukey’s HSD tests
revealed that performance was significantly worse
on the ghost 2D condition (M = 0.17, SD = 0.31)
than all other conditions, which did not signifi-
cantly differ from one another. In other words, the
social demonstrator elevated performance in the
social 2D condition (M = 0.68, SD = 0.39), but per-
formance did not differ as a function of demonstra-
tor when children were tested in the transfer 3D
test, ghost 3D (M = 0.56, SD = 0.50) and social 3D
(M = 0.63, SD = 0.47). This interaction reflects a
poorer imitation in the ghost than in the social
group when children were tested on the touch-
screen, and no difference between the ghost and
social groups’ transfer performance on the magnet
board (Figure 4).

For confirmation purposes, Wilcoxon nonpara-
metric tests contrasted social 2D to baseline 2D and
social 3D to baseline 3D groups and revealed that
3-year-olds in the social 2D conditions (M = 0.89,
SD = 0.21) performed significantly above age-
matched baseline 2D control group (M = 0.13,
SD = 0.23) and the social 3D conditions (M = 0.85,
SD = 0.35) performed significantly above age-
matched baseline 3D control group (M = 0.14,
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Figure 4. Goal imitation scores following either a ghost or social demonstration on the touchscreen. Asterisks (*) indicate groups signifi-
cantly above the ghost 2D group. Children were tested either on the 2D touchscreen or the 3D puzzle board.
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SD = 0.29). As expected, the pattern of results was
the same for the 2.5-year-olds, social 2D (M = 0.50,
SD = 0.42) performed significantly above age-
matched baseline 2D control group (M = 0.08,
SD = 0.25) and social 3D (M = 0.44, SD = 0.49) per-
formed significantly above age-matched baseline
3D control group (M = 0.06, SD = 0.24).

Discussion

Overall, the present study showed that imitation of
a complex puzzle task varied as a function of both
the type of demonstration and whether or not the
test involved transfer of learning to 3D magnetic
puzzle pieces. Recall that in Experiment 1a children
performed significantly above baseline in the ghost
3D condition; however, performance was equivalent
to baseline levels in the ghost 2D condition. In
Experiment 1b we provided children with a practice
session prior to the demonstration. Performance did
not improve, suggesting that poor performance in
the touchscreen test was not due to a failure to
understand that the touchscreen apparatus was
interactive. The ghost demonstration condition, in
which no demonstrator was visible, was as effective
as a social demonstrator in promoting transfer of
learning to real-world objects. Only the social
demonstrator, however, was effective when children
were tested on a novel touchscreen tool. Overall, we
conclude that the social demonstration facilitated
performance under conditions where the affor-
dances of the virtual world were less well known,
but did not facilitate performance under the difficult
transfer of learning condition. This surprising pat-
tern of results highlights the importance of the
social model in rapid learning during early child-
hood and suggests that social scaffolding increases
children’s perception of seemingly ambiguous
events across time (Thompson & Russell, 2004).
That is, by initiating a sequence of events or con-
necting actions in a sequence, the demonstrator con-
tingently links actions to goals. This set of findings
has important practical implications for educational
and other app designers who typically orient chil-
dren to games using a “ghost-like” tutorial.

The findings are consistent with others that have
examined learning from ghost models. Overall, on
this complex type of task, learning in a ghost condi-
tion did not exceed baseline levels. These findings
replicate and extend studies conducted with infants
using simple tasks (Tennie et al., 2006) and complex
tasks with toddlers (Subiaul et al., 2011; Thompson
& Russell, 2004), demonstrating tasks that are high

in complexity and have less obvious affordances
result in little overall learning from a ghost model
(Acerbi, Tennie, & Nunn, 2011; Hopper et al., 2010).
Thus, there appears to be interplay between task
complexity and social learning. The current study
also extends previous research, showing differences
in how effective the demonstrator was in different
settings, with social model facilitation in the 2D
touchscreen condition but not in the 3D magnet
board condition. Although this finding requires
additional empirical attention, we interpret this to
be due to child experiences with the affordances of
the 3D puzzles allowing them to utilize the ghost
demonstration under real-world test conditions.
This may also help to reconcile some of the mixed
findings with ghost conditions. Many studies con-
ducted with toddlers and preschoolers have shown
no differences between imitation from ghost and
social models, perhaps due to lower task complex-
ity (e.g., Hopper et al., 2008, 2010; Huang & Char-
man, 2005) or the introduction of training to
enhance understanding of affordances (Subiaul
et al., 2011).

Toddlers are increasingly being exposed to
tablets and the need to understand how the social
learning context impacts learning from this tech-
nology is paramount (Hipp et al., 2016). The pre-
sent study specifically illustrates the facilitation
effect of the social cues and context in learning
from apps over and above familiarization with
the touchscreen alone. Children who viewed a
ghost demonstration, in which pieces moved on a
digital screen by themselves, were unable to repli-
cate the target actions on a screen; those who
were shown a social demonstration of the moving
pieces, however, performed successfully. That is,
learning to make a puzzle on the touchscreen was
dramatically impaired in the ghost demonstration
compared to the social demonstration. The fact
that social scaffolding during a 2D demonstration
results in high levels of performance compared to
the ghost demonstrator suggests that learning can
be boosted when young children are unfamiliar
with the learning context (e.g., making a puzzle
on a touchscreen), as they often are when it
comes to digital technology. This finding is partic-
ularly important in the context of apps intended
for education and young children, as many cur-
rent applications, including some written for the
toddler and preschool population, use exactly this
type of “ghost” demonstration. The present results
suggest that young children may take much
longer to master an app under these learning con-
ditions. This may lead parents and educators to
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draw false conclusions. Rather than believing that
children are having difficulty learning from the
ghost demonstration per se, they may conclude
that children cannot master the content or apply
the content to other situations. Based on the cur-
rent findings both of these assumptions may be
wrong. These findings suggest that app develop-
ers should move away from ghost demonstrations
of features or app interfaces aimed at children
under 3 unless the ghost demonstrations are
showing very simple and well understood virtual
manipulations. Early educators and parents must
gauge the child’s capability of learning from apps
and consider supplementing with additional ver-
bal instruction or hands-on demonstrations that
may better allow children to learn information in
the app.

We had anticipated that applying learning
outside of the digital context may be even more
difficult. But surprisingly in our study, the transfer
condition performance was not impacted by
whether there was a ghost or a social demonstra-
tion. This may be due to the fact that for children,
puzzle play is highly social and collaborative
(Levine, Ratliff, Huttenlocher, & Cannon, 2012) and
children have a great deal, more experience with
puzzle play using real objects than on a touchscreen
interface. Consistent with this conclusion, studies
with older children have shown that this transfer
deficit may diminish with age. Huber et al. (2015)
reported with 4- to 6-year-olds on the Tower of
Hanoi task; with three practice trials on the
touchscreen children were able to transfer to the 3D
Tower of Hanoi apparatus as well as those who
had practice with the 3D version. It is possible that
additional scaffolding may boost transfer of learn-
ing and this question warrants further empirical
investigation. At this point, it is also unclear how
prior touchscreen exposure might influence learning
across different apps. Mere touchscreen exposure
should not be equated with digital competency as
this engagement may be passive (i.e., viewing
videos on Youtube) or active (i.e., collaborating
with a peer on a game). Our results from a brief
practice phase with the touchscreen did not facili-
tate better imitation performance from the ghost
demonstration, and touchscreen exposure in the
home did not correlate with performance on the
novel touchscreen task.

Given research on the prevalence of educational
apps, app developers need to consider principles of
science of learning in the design and use of apps
during early childhood (see Hirsh-Pasek et al., 2015
for review). Recent work has identified four key

features that make apps educational: active involve-
ment, engagement, meaningfulness, and social
interaction (Hirsh-Pasek et al., 2015). As predicted
based on these learning principles, the current
study demonstrates that the presence of social inter-
action or scaffolding is critical when toddlers are
learning in a novel virtual context. Understanding
social factors has practical importance, as educa-
tional contexts often require children to transfer
knowledge from a task they learned in one context
(e.g., online or in a video) to another (a real-life or
hands-on test context). For example, a child may
learn basic addition and subtraction with blocks
from their teacher in the classroom and later be
given a math activity on a touchscreen for a follow-
up assignment. To better support children’s under-
standing of the content, app developers can build
repetition to facilitate encoding and comprehension
(Barr et al., 2007; Crawley et al., 1999), adaptive
play to facilitate engagement, contingency or direct
feedback to allow children to learn from their cor-
rect and incorrect responses to improve perfor-
mance, or levels/scaling to increase task complexity
based on the child’s individual performance.

The present study was not without limitations.
For the 2.5-year-olds, in some instances, perfor-
mance was very low and it would be useful to vary
task complexity as well as the model (ghost, social)
in order to disentangle the relative contribution of
task complexity and model. The puzzle task and
the touchscreen measurement strategy does how-
ever lend itself well to these further investigations.
Future studies could examine the role of touch-
screen feedback (auditory or other sensory informa-
tion such as haptic cues) that would provide more
contingent responses to the child. The unexpected
finding of sex differences with a female advantage
to learning following a ghost demonstration
requires additional empirical investigation. It is pos-
sible that this was experiential, although we did not
show any clear differences in parent reports of
touchscreen usage between boys and girls. It could
be also that girls were performing at levels that
were more representative of older children on the
ghost condition. We interpret these findings very
cautiously however, given that performance was
low on ghost 2D conditions and did not exceed
baseline levels overall.

This study contributes to our understanding of
the novel touchscreen tool. Taken together, the pre-
sent study and the studies leading up to it show
that young children’s learning is affected by social
scaffolding, prior knowledge of the objects, the
degree of transfer of learning, task complexity, and
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other factors (potentially including the gender of
the child, an issue that requires further future inves-
tigation). Due to the ease of programming and the
interactive interface, touchscreen technology holds
significant promise for use in educational settings.
The present study underscores, however, that
despite the frequency and ease with which young
children interact with touchscreen devices, it is the
case that they require social scaffolding in order to
maximize its educational potential. The issue of
touchscreen-specific interactive affordances does not
appear to be a primary factor in limiting children’s
use of the technology, but additional research will
be necessary to examine how knowledge and skills
transfer within the touchscreen environment to bet-
ter understand how and when social scaffolds are
necessary for learning to occur.
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