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Abstract

Some research suggests infants display a tendency to judge others’ prosocial behavior, and

in particular, that infants show a strong preference for prosocial others. For example, data

from one frequently cited and well-publicized study showed that, after watching a puppet

show with three puppets, 74% of infants chose the puppet that “helped” rather than the

puppet that “hindered” a third puppet from attaining its goal. The purpose of the current

investigation was to replicate these methods and extend them by including a within-subject

measure of infant puppet choice across repeated trials to assess the stability of infants’

choice. In the current study, 20 infants viewed a puppet show and chose between two pup-

pets (i.e., helper or hinderer) immediately following the puppet show. Although results were

similar to previously published work on the first-choice trial (65% of infants chose the helper

puppet on the first trial), infants did not consistently choose the helper across trials; several

infants demonstrated a side preference, with 9 infants almost exclusively choosing puppets

presented on the right or left side. The current investigation addressed limitations of previ-

ous research by including a between-subjects (replication) as well as a within-subjects

(extension) repeated measure of choice that allowed for the examination of the stability of

the choice measure. Our results, particularly in light of other failed replications, raise ques-

tions regarding the robustness of infants’ preference for prosocial others and the reliability

and validity of the single-choice paradigm.

Introduction

A recent line of research suggests infants as young as 5 months old [1–5] and older infants and

toddlers [6–8] are capable of socially evaluating others’ behavior, and show a strong preference

for prosocial others. In a typical experimental arrangement, an infant first views a staged scene

in which a focal puppet attempts to do something such as climb a hill or open a box containing

a toy. Two other puppets, a “helper” and a “hinderer,” alternately interact with the focal puppet
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in distinct ways. The helper puppet assists the focal puppet with the task at hand, and the hin-

derer puppet interferes with the same task. For example, as the focal puppet attempts to open

the lid of a box, the helper puppet moves in and helps lift the lid open [2]. In contrast, on a dif-

ferent trial the hinderer moves in and forcefully closes the lid. Variations on this basic scenario

include colored shapes with eyes trying to climb a hill and being helped or hindered by other

shapes [1]. After watching one of these scenarios, the experimenter presents both puppets

(helper and hinderer) to the infant seated in his or her parent’s lap. The first puppet the infant

selects (typically defined as concurrently looking at and touching the puppet) is considered to

be the infant’s preferred puppet. Infants who choose the “helper” puppet are described as pre-

ferring the prosocial other.

Although infants’ preference for prosocial behavior is an interesting possibility, failed repli-

cations [9,10] suggest several features of the experimental arrangement warrant attention

before clear conclusions can be drawn. Many things happen in the staged scenario, and the

putative prosocial element is only one of them. For example, using similar, though not identi-

cal, methods, Scarf et al. [9] found that the puppet movements of bouncing and colliding

resulted in more infants choosing the puppet that bounced, irrespective of its helper or hin-

derer status. Salvadori et al. [10] directly replicated the methods of Hamlin and Wynn [2] with

infants aged 8 to 9 months and found that only 15 of 24 infants (62.5%) selected the helper

puppet. Even following subsequent procedural modifications suggested by Hamlin ([10]), only

12 of 24 (50%) infants selected the helper in their second experiment. However, 17 of 24

(70.8%) infants selected the puppet presented on the right side, indicating that something

aside from the social aspect of the puppet show might direct infants’ choices. Cowell and Dec-

ety also replicated Hamlin et al.’s [1] puppet paradigm, and in their study only 54 (50%) of

infants chose the helper over the hinderer [11]; unfortunately, the authors did not report infor-

mation about infants’ side preferences. Together, these studies suggest that factors other than a

preference for prosocial others, such as a preference for the side on which a puppet is pre-

sented, might influence infants’ choices.

If infants have a preference for prosocial others, and if this preference can be assessed using

a puppet show immediately followed by a puppet preference assessment (choice-trial), infants’

prosocial preference should be relatively stable within a single session and therefore observable

across consecutive choice-trials within a short time frame. If the effect is indeed robust, then

the between-subject variability in previous studies [10,11] poses a problem. There is a substan-

tial body of literature on the use of preference assessments, including those for typically devel-

oping toddlers [12] and for individuals who cannot otherwise communicate their preferences

[13,14]. These preference assessments involve presenting stimuli over multiple trials and,

importantly, counterbalancing the placement of items both between and within subjects to

determine the most and least preferred items, often in terms of a relative preference hierarchy.

Thus, explicit attempts are made to control for side bias. Preference is determined, even

among nonverbal individuals, by examining responding across multiple trials, not from any

individual trial. Although preferences can change over time [14–16], individuals generally

select items deemed preferred much more frequently than less preferred items within a single

session, yielding a hierarchy of most to least preferred [13, 14, 15]. Given that infants tend to

engage in perseverative reaching [17, 18] and that Salvadori et al. [10] found over two-thirds of

infants reached for the right side, studies using the infant puppet choice paradigm ought to

carefully examine and control for side preferences.

The purpose of the current investigation was to replicate the methods of Hamlin and Wynn

[2] while also employing a within-subject repeated-measures design with four additional

choice measures for each infant, permitting an assessment of the stability of infants’ choices

without compromising the original one-choice methodology used by Hamlin and Wynn [2].

Stability of infants’ prosocial preferences
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Materials and methods

Participants

University of the Pacific human subjects institutional review board approved all aspects of this

study (IRB Protocol #14–31) prior to the start of data collection. We reviewed all study proce-

dures with each parent participant and obtained their written consent, including consent to

video record, prior to their enrollment in the study; infants participated only after their parents

provided consent. Twenty healthy, typically developing infants, ages 5 to 16 months (M = 8.9,

SD = 3.46) and their parents participated. Although Hamlin and Wynn [2] used groups of 5

and 9 month olds, researchers have used infants aged 10 to 23 months to examine similar ques-

tions using comparable methodologies and garnered similar results (15-16-month-olds [5, 11];

10-month-olds [1,9]; 19–23 month-olds [5]; 12-month-olds [19]). In addition to examining

the infants as a single group, we also separated them into two groups by age for specific analy-

ses (described below); one group of 5–8 month-old (n = 11; M = 6.18, SD = 1.25) and a second

group of 10–16 month-old (n = 9; M = 12.11, SD = 2.42). Based on recommendations concern-

ing data collection and analysis [20], prior to the start of data collection we determined we

would obtain data from 20 infant-parent dyads and conduct five choice trials with each infant.

Participants were recruited via flyers and word of mouth. Each parent was provided a $10 gift

card as compensation for participation.

Materials

All puppet shows took place inside a 122 cm wide and 66 cm high display, the same dimen-

sions used by Hamlin and Wynn [2]. The display was placed approximately 163 cm away from

the chair where the infant and parent were seated (see S1 Fig). A curtain was attached to the

front of the display, which could be lowered to hide the display and raised to reveal the display

(see S2 Fig). The puppets, a yellow duck puppet and two identical gray elephants (one in a red

shirt, the other in a yellow shirt) were used because Hamlin et al. [5] provided supplementary

videos online, enabling the use of nearly identical puppets. The clear box and brightly colored

rattle were similar to those used by Hamlin and Wynn [2]. All sessions were video recorded.

Counterbalancing

The shirt color of puppets, order of scenarios during habituation, the side occupied by the two

puppets during habituation, and the side placement of puppets during the choice measure

were counterbalanced across participants. Additionally, presentation of the two puppets was

counterbalanced for each subject across repeated choice trials.

Response measurement

Our definition of infant choice was identical to Hamlin and Wynn’s [2]: the first puppet the

infant looked at and concurrently touched (p. 33). If the infant touched but did not look at the

puppet or looked at a puppet without touching it, no choice was scored and a new trial began.

If the infant did not reach for a puppet within 10 s, a new trial began and the puppets were pre-

sented again. This occurred a total of three times: during one trial for one participant, and dur-

ing two trials for two participants.

Procedure

Familiarization process. Each infant was seated on his or her parent’s lap in front of the

stage (S1 Fig) and the experimenter presented a clear box, opened the box, and removed and

Stability of infants’ prosocial preferences
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shook the rattle in the box in front of the infant, all of which lasted approximately 20 s; infants

viewed the familiarization processes twice, as described by Hamlin and Wynn [2].

Habituation trials. Following the familiarization process, infants viewed the habituation

trials during which the helping and hindering puppet shows were presented on alternating

trials. Each infant’s looking time during each trial was measured, and each infant viewed pup-

pet shows until looking times reached the pre-set criterion used by Hamlin and Wynn [2] as

described by Hamlin et al. [1]. During habituation trials, the two elephant puppets were

placed at the back corners of the stage, equidistant from each other and from the infant. The

box containing the rattle was placed in the center of the stage equidistant from each elephant

puppet. An experimenter, not visible to the parent or the infant, performed the puppet show

while wearing long black gloves and placing his hands through a black curtain at the back of

the stage. Prior to viewing the scenarios, parents were instructed to sit quietly with their

infants and not to direct their infant’s attention in any way; infants were shown the puppet

shows in alternating sequence until either the sum of the looking times on 3 consecutive trials

after the first 3 trials was less than half of the sum of the looking times on the first 3 trials, or

until 14 trials had elapsed [1–2]. On average, infants required 10 habituation trials (Range of

6–14 trials).

We carefully reviewed Hamlin et al.’s [5] online supplementary videos in an attempt to rep-

licate procedures not described in their published papers (e.g., approximate duration of each

puppet’s action, exact puppet movements) and to address their critique of Scarf et al.’s [9] lack

of attention to specific puppet show details. The study methods described below are based on

this analysis of the supplemental videos. Table 1 lists methods used in both the helper and the

hinderer puppet shows. Differences between the two puppet shows are described under the

subheadings entitled Helping event puppet show and Hindering event puppet show below.

Table 1. Methods used in both the helper and the hinderer puppet shows.

• Events (i.e., a single puppet show trial) lasted approximately 15 s.

• At the start of each trial, the experimenter stated, “Up goes the curtain!”

• Following that, the protagonist (duck) puppet appeared from the back center of the stage, paused for

approximately 1 s behind the center of the box, and moved to one side of the box. The side from which the

protagonist entered was consistently opposite that of the helper or hinderer character.

• The duck moved, left foot followed by right foot, to either the left or right side of the box, and then slid

briefly (0.5 s) towards the front of the box. The side of the box to which the duck was moved was

counterbalanced across trials.

• The duck’s entire body twisted to look at the box (head moved towards box while bottom remained

stationary), and then sat straight up and faced the infant. This occurred twice.

• Next, the duck was positioned on the corner of the box (either right or left), faced down, and the duck lifted

the lid of the box.

• On the first attempt, the duck lifted the lid of the box approximately 3-4 inches for approximately 1.5 s.

Following that, the duck’s head propped up to face the infant.

• On the second attempt, the duck lifted the lid of the box 2-3 inches for approximately 2 s, slightly longer

than the previous trial. Again, on this attempt, the duck’s head propped up to face the infant.

• On the third attempt, the duck lifted the lid 3–4 inches for approximately 1 s, but did not face the infant

following this attempt. In the online supplementary videos (Hamlin et al., 2011), the third attempt differed

between helper and hinderer scenarios in both duration of lifting the lid and the approximate height the lid

was lifted. However, Hamlin and Wynn (2011) did not describe these variations and so our methods

followed the published methods (Hamlin & Wynn, 2011) and kept the actions during the third attempt

consistent across puppets.

• On the fourth attempt, the duck lifted the lid 3–4 inches for 1 s, and again faced away from the infant

following the attempt.

• Finally, on the fifth attempt, the duck lifted the lid 3–5 inches for approximately 1.5 s. Following the fifth

attempt, either a helper or hinderer elephant puppet entered on the side opposite the duck.

https://doi.org/10.1371/journal.pone.0178818.t001
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Helping event puppet show. During the helping events, the helper puppet moved from

the side opposite the duck, slid forward, paused, and then was placed face down on the side

corner of the box opposite the duck, all of which took approximately 3 s. Together, the ele-

phant and the duck then opened the box lid towards the back of the stage. Next, the duck was

placed face down inside the box and grabbed the rattle; this took approximately 2 s. The helper

puppet then exited towards the back of the stage in straight line, facing the infant. All action

was then halted and the infant’s looking time was measured. After the infant looked away from

the stage for 2 s, the curtain was closed.

Hindering event puppet show. During hindering events, rather than assisting the duck

on its fifth attempt at opening the box, a hinderer elephant puppet slid forward from the side

opposite the duck, and then paused at the middle side of the box (the timing of these actions

was identical to those in the opening event). However, instead of helping the duck open the

box, the hinderer puppet was placed upright on the lid of the box and forcibly slammed the

box shut. The duck was placed face down next to the box, and the hinderer puppet was then

placed upright next to the side of the box opposite the duck. The hinderer then exited the stage

in a straight line, while still facing the infant. All action was then halted, looking time was mea-

sured, and the curtain was closed.

Choice measure. Parents were instructed to turn their chairs 90 degrees to the right so

they were no longer facing the puppet stage, and then to close their eyes until the experimenter

told them to open their eyes [2, 5]. Experimenter 2, blind to which puppet was the helper/hin-

derer, presented the two puppets to the infant, holding each puppet about 25 cm from one

another and equidistant from, but initially out of the infant’s reach. Puppets were centered on

the infant’ s chest about 30 cm apart and out of the infant’s reach. The infant was next required

to look at both puppets, and then look back at Experimenter 2. First, Experimenter 2 said to

the infant, “Look!” and slightly shook one puppet until the infant made eye contact with the

relevant puppet, and then said, “Look!” and slightly shook the other puppet until the infant

made eye contact with it. Finally, Experimenter 2 moved both puppets out of the infant’s line

of sight and said “Look!” until the infant looked at the experimenter. Experimenter 2 always

shook the puppet on the left side first and the side on which each puppet was presented first

was counterbalanced. After the infant made eye contact with Experimenter 2, the puppets

were placed approximately 25 cm from one another, equidistant from one another and the

infant, but closer to the infant. Experimenter 2 then asked, “Which one would you like to play

with?” [2]. Experimenter 2 then repeated the choice measure, but changed the order in which

the puppets were presented to the infant. The experimenter conducted the choice measure for

a total of five trials. A third experimenter, blind to which puppet was the helper or hinderer,

coded the infant’s choice as the first puppet the infant looked at and concurrently touched. To

assess interobserver agreement, an independent observer, coder blind to which puppet was the

helper or hinderer, later coded infants’ choices by watching a video of the session and indepen-

dently coding infants’ puppet choices, described in more detail below.

Interobserver agreement

Because the reliability of the key dependent variable, infant puppet choice, was crucial to accu-

rately interpreting the data, all infant choice trials were video recorded; all in-session infant

puppet choices, already coded by two observers, were later coded by a third observer watching

the video recordings. Interobserver agreement was calculated for 100% of choice trials within

session, and for 25% of the video recorded choice trials. An agreement was scored if both

observers identified the same puppet as the one the infant first looked at and concurrently

touched on a given trial.

Stability of infants’ prosocial preferences
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Percent interobserver agreement (IOA) was calculated by dividing the number of agree-

ments by the total number of trials and then multiplying by 100% [21]. Percent agreement for

exact duration of looking time in seconds was 75% (range 50–86%); however, agreement was

100% for habituation, the key variable on which the decision to continue or end the habitua-

tion trial was made. In-session agreement for 19 of the 20 infants was 96% (range 80–100%).

In-session agreement for one infant was not calculated because the infant moved too fast dur-

ing the choice measure; this infant’s choices were coded from the video. In addition to calculat-

ing IOA for this video, we randomly selected four videos (20%) in order to have independent

observers code the infant choices. The IOA for those five videos (and 25 choices) was 100%.

Questionnaire

To assess whether parents’ knowledge of the purpose of the puppet show was associated with

infants’ choices, after infants made all five choices, parents were asked to freely respond to the

question, “What do you think the puppet show was about?” Parents were scored as having

knowledge of the content of the puppet show if they wrote “helping,” “hindering,” “good,”

“bad,” or several other similar keywords which were identified as such prior to coding any of

the questionnaires (see Table 2 for a complete list of words). Of the 19 parents that responded,

14 (74%) described the puppet show using one or more of these key terms, indicating some

knowledge of the purpose of the puppet show (e.g., “a good puppet helped the duck while a bad
puppet hindered the duck).

Analyses

We conducted several types of analyses. First, we examined the number of infants who chose

the helper puppet on the first trial, akin to the results reported by Hamlin and Wynn [2], as

well as the number of infants who chose the puppet on the right side on the first trial. Second,

we examined the number of infants who chose the helper puppet or the puppet on the right

side on the first trial separately for each age group (5–9 month-olds and 10–16 month-olds).

Third, we examined the percentage of infants who chose the helper puppet on each trial and

calculated conditional probabilities based on these numbers (see description below). Fourth,

we examined stability of within-subject choice of the helper puppet across all five trials for all

infants and separately for the two age groups. Fifth, we examined within-subject choice stabil-

ity based on the side on which a puppet was presented. Lastly, we conducted conditional prob-

abilities examining the probability infants would choose the helper (or right side puppet) given

they chose the helper (or right side puppet) on the first trial for both the whole group and sepa-

rated by parents’ knowledge of the purpose of the study.

Table 2. Terms constituting knowledge of the intent of the puppet show (listed in alphabetical order).

Aide Good Obstruct

Antagonist(ic) Help, Helping, Helper Prevent

Antisocial Impede Prosocial

Assist Interfere Right

Counteract Mean Selfish

Evil Moral Wrong

Generous Nice

Note. These terms were used to code parents’ response to the question, “What do you think the puppet

show is about?” Use of any of the above terms was coded as an indication that parents demonstrated

knowledge of the purpose of the puppet show.

https://doi.org/10.1371/journal.pone.0178818.t002
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Between-group comparisons were made using two-tailed binomial and Fisher’s exact test

statistical analyses [2]. Conditional probabilities were calculated for infants’ choices on the sec-

ond through the fifth trial given their responding on the first trial. We chose to calculate the

conditional probabilities based on infants’ first choice, as this is the data point most often

reported in the literature [1–8]. Conditional probabilities were calculated for the helper puppet

and the puppet presented on the right side. For example, the probability that infants selected

the helper puppet on the second trial given their responding on the first trial was calculated by

taking the number of infants that selected the helper on both the second trial and first trial

(e.g. 5) and dividing this by the total number of infants that selected the helper on second trial

(e.g., 9), yielding a value (e.g., 0.56) indicating the probability (e.g., 0.56) that an infant would

choose the helper puppet two consecutive times during the first and second choice trials.

Within-subject analyses were made using visual analysis of graphed data.

Results

First puppet choice

Twenty infants participated in the current investigation. Thirteen (65%) selected the helper

puppet on the first trial (p = 0.263, binomial test, two-tailed). We also compared results

between two age groups, 5–8 month old infants, the same age range used by Hamlin and

Wynn [2] and 10–16 month old infants, older than infants in Hamlin and Wynn’s [2] study

but similar in age to other comparable studies [1,4]. Among the 5–8 month-old infants

(n = 11), 9 (82%) selected the helper on the first trial, compared to 4 (44%) of the 10–16

month-old infants (n = 9) (see Fig 1); differences between the two age groups were not statisti-

cally significant (p = .160, Fisher’s exact test).

First choice based on side

On the first trial, 13 infants (65%) selected the puppet on the right side (p = 0.263, binomial

test, two-tailed). By age group, 8 (73%) infants in the 5-8-month-old age group (p = 0.642,

binomial test, two-tailed) and 5 (56%) infants in the 10-16-month-old age group (p = 0.246,

binomial test, two-tailed) selected the puppet on the right side on the first trial.

Fig 1. Percent of infants choosing the helper (black bar) or the hinderer (grey bar) on the first trial,

separated by age group.

https://doi.org/10.1371/journal.pone.0178818.g001
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Choice stability across repeated measures

Of the 13 infants who selected the helper puppet on the first trial, only 5 (38%) selected the

helper puppet again on the second trial (p = 0.5811, binomial test, two-tailed). Among all 20

infants regardless of their choice on the first trial, the helper puppet was selected by 9 infants

(45%) on the second trial, 11 infants (55%) on the third trial, 8 infants (40%) on the fourth

trial, and 11 infants (55%) on the fifth trial (see Fig 2). Fig 3 shows all 5 trials separated by age

group. On the second trial, 3 infants (27%) in the 5-8-month-old age group and 6 infants

(67%) in the 10–16 month-old age group selected the helper. On the third trial, 6 infants (55%)

in the 5–8 month-old age group and 5 infants (56%) in the 10–16 month-old age group

selected the helper. On the forth trial, 4 infants (36%) in the 5-8-month-old age group and 4

infants (44%) in the 10–16 month-old age group selected the helper. On the fifth trial, 7 infants

(64%) in the 5–8 month-old age group and 3 infants (33%) in the 10–16 month-old age group

selected the helper (see Fig 3).

Within-subject stability of puppet and side choices across repeated trials

No infants chose the helper puppet consistently across all five trials, 2 infants (10%) selected

the helper puppet on at least 80% of trials (i.e., at least 4 of 5 trials), and 12 infants (60%)

selected the helper puppet on at least 60% of trials (see Fig 4). A similar pattern was observed

when examined by age groups (see Fig 5).

With respect to side, 9 infants (45%) chose the same side on at least 80% of trials, with 3

infants (15%) choosing a puppet on the same side across all 5 trials (i.e., only left or only right

side) and 6 infants (35%) choosing a puppet on the same side on at least 80% of trials (see Fig

6). A similar pattern was observed when examined by age groups (see Fig 7).

Conditional probabilities

Conditional probabilities for infants selecting the same puppet on subsequent trials are

reported in Table 3 for both the helper puppet and the right-side puppet. Probabilities ranged

from .56 to .75 for selecting the helper puppet and from .62 to .83 for selecting the right-side

puppet. Among the 14 infants whose parents demonstrated knowledge of the purpose of the

Fig 2. Percent of infants choosing the helper (black bar) or the hinderer (grey bar) in each of the five

trials.

https://doi.org/10.1371/journal.pone.0178818.g002

Stability of infants’ prosocial preferences

PLOS ONE | https://doi.org/10.1371/journal.pone.0178818 June 2, 2017 8 / 15

https://doi.org/10.1371/journal.pone.0178818.g002
https://doi.org/10.1371/journal.pone.0178818


puppet show (e.g., helping and hindering) based on their answers to the questionnaire, 10

infants (71%) chose the helper on the first trial (p = 0.180, binomial test, two-tailed); condi-

tional probabilities for these infants choosing the helper puppet on subsequent trials ranged

from .40 to .80 (see Table 3).

Fig 4. Within-subject analysis of each infant’s choice of the helper (black bar) or the hinderer (grey

bar) puppet on each of the five trials. Each bar segment represents an individual infant’s choice for a single

trial.

https://doi.org/10.1371/journal.pone.0178818.g004

Fig 3. Percent of infants choosing puppets in each of the five trials separated by age group. The top

panel consists of infants aged 5–8 months (n = 11) and the bottom panel infants age 10–16 months (n = 9).

https://doi.org/10.1371/journal.pone.0178818.g003
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Discussion

The current study replicated the methods of Hamlin and Wynn’s [2] first experiment. In the

current study, 20 infants viewed a puppet show corresponding to that described by Hamlin

and Wynn [2]; immediately following the puppet show, each infant was given a choice between

two puppets (i.e., the helper or hinderer). We extended Hamlin and Wynn’s [2] methods by

having infants make four additional choices after their initial choice. Although our results

showed patterns similar to those of Hamlin and Wynn [2] on the first choice trial (65% of

infants chose the helper puppet on the first trial), the results were not statistically significant.

Moreover, just as many infants (65%) chose the puppet presented on the right side during the

first trial, suggesting other variables or factors might be influencing infants’ choices [9, 10, 11].

No infants consistently chose the helper across all 5 trials. On at least 80% of trials (i.e., at least

4 of 5 trials), only 2 infants (10%) chose the helper puppet whereas 9 infants (45%) chose the

Fig 5. Within-subject analysis of each infant’s choice of the helper (black bar) or the hinderer (grey

bar) puppet on each of the five trials separated by age group. Each bar segment represents an individual

infant’s choice for a single trial. Along the x-axis, participants are ordered chronologically by age, beginning

with the youngest participant on the far left.

https://doi.org/10.1371/journal.pone.0178818.g005

Fig 6. Within-subject analysis of infant choice of the puppet on the left (black bar) or right (grey bar)

side on each of the five trials. Each bar segment represents an individual infant’s choice for a single trial.

https://doi.org/10.1371/journal.pone.0178818.g006
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puppet presented on the right or left side. Conditional probability analyses suggested infants as

a group were no more likely to choose the helper puppet than they were to choose the

puppet always presented on the right side during the choice measure.

In combination with previously published studies [9, 10, 11], results of the current study

add to the growing evidence base against the hypothesis that infants have a robust preference

for prosocial others. Robust preferences ought to be stable across multiple trials. Whereas only

two infants (10%) chose the helper puppet on at least 80% of trials, nine infants (45%) selected

a puppet on the same side on at least 80% of trials. Although it is possible that infants’ first

choice reflected their “true” choice, or requiring five consecutive choices confused the infants,

Fig 7. Within-subject analysis of infant choice of the puppet on the left (black bar) or right (grey bar)

side on each of the five trials separated by age group. Each bar segment represents an individual infant’s

choice for a single trial. Along the x-axis, participants are ordered chronologically by age, beginning with the

youngest participant on the far left.

https://doi.org/10.1371/journal.pone.0178818.g007

Table 3. Conditional probabilities.

Conditional probability of the same infant choosing the same puppet in Trials 2–5 as chosen in Trial

1

Infants who chose the Helper on first trial

(n = 13)

Infants whose parents showed knowledge of

the purpose of the puppet show (n = 14)

Helper Puppet Right Side Puppet Helper Puppet

Trial 2 .56 (5/9) .83 (5/6) .40 (4/10)

Trial 3 .63 (7/11) .64 (7/11) .71 (5/7)

Trial 4 .75 (6/8) .64 (7/11) .80 (4/5)

Trial 5 .63 (7/11) .62 (8/13) .70 (7/10)

Note. The first value (decimal) is the conditional probability and indicates the percent of infants who chose

the helper (or right side) puppet on the immediately preceding trial who also chose the helper (or right side)

puppet on the current trial. The second value indicates the number of infants who selected the helper (or

right side) puppet on both the current and immediately preceding trials (numerator) divided by the number of

infants who selected the helper (or right side) puppet in the current trial (denominator). For example, the

conditional probability of infants choosing the helper puppet on Trial 2 was calculated by dividing the number

of infants who selected the helper puppet on both Trial 2 and Trial 1 (n = 5) by the number of infants that

selected the helper puppet on Trial 2 (n = 9), yielding the value .56 or 56%.

https://doi.org/10.1371/journal.pone.0178818.t003
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the literature examining the most effective manner of identifying individuals’ preferences (e.g.,

choice), including adults and children with disabilities [22–24] children and infants [25, 26],

and even non-human animals [27, 28] suggests choice stability across trials is common and

probable. Also, previous research used a similar method for infant choice, whereby infants

were asked to make four consecutive choices [4] and researchers equated three of four choices,

in any order, with infant preference, although no mention was made of counterbalancing the

side on which the foods were presented either within or between subjects. Collectively, find-

ings from these studies [4, 22–28] suggest if the helper puppet was the robustly preferred pup-

pet, most infants would have chosen the helper puppet the majority of trials. Future research

should evaluate the degree to which infants’ choices are stable across multiple trials when their

preference for an item is already known; this may assist with our knowledge regarding the

robustness and reliability of infants’ choices as a measure of preference.

Interpretations of results from the current study must be considered within the context

of study limitations. First, given the relatively small sample size, it is difficult to determine if

the current study had sufficient power to detect an effect of infant preference. To this point,

it is unclear if the effect size of infant preferences is strong, moderate, or weak. If infant

preferences are detectable only when using a large sample size, we cannot call their prefer-

ences robust; and if several studies employing the same method obtain different results, this

also may speak to the robustness (power) of infants’ choices, variability due to use of small

samples sizes, and the relative effect size of the phenomenon under investigation [29], at

least using the current paradigm. Second, our methods may have varied somewhat from

Hamlin and Wynn [2]. For example, based on our reading of their method section and

examination of available videos, we chose to lightly shake each puppet to gain the infant’s

attention; however, this may not be the same method used by Hamlin and Wynn [2] to gain

infants’ attention. Because slight variations in puppet show paradigms appear to produce

different results (e.g., [9, 10]), it is important to encourage authors to publish supplemental

method sections with extensive details outlining the exact methodology. Moreover, because

small methodological variations can have profound influences on study outcomes [30–32],

it is important to provide sufficient details about methods and any deviations to help facili-

tate replications.

In summary, the current investigation addressed limitations of previous research by includ-

ing both a between-subjects (replication) and a within-subjects (extension) repeated measure

of choice that allowed for examination of the stability of infants’ puppet and side choices. The

current findings call into question the robustness of infants’ preference for prosocial others

given that infants in this study, as well as previous studies [9, 10, 11], demonstrated no clear

patterns of preference for the helper puppet, although nearly half of the infants showed a pref-

erence for reaching for one side. Studies using this and similar infant choice paradigms should

include sufficient methodological detail to facilitate accurate replication and consider incorpo-

rating within-subject repeated measures into their designs in order to assess the robustness of

infant preferences and reduce the likelihood that findings are spurious or unrepresentative of

the phenomenon under investigation.
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refers to Experimenter and the corresponding number indicates which Experimenter; IOA

refers to the Experimenter used to calculate interobserver agreement; and, P refers to puppet

and the corresponding number indicates which puppet.

(DOCX)

Stability of infants’ prosocial preferences

PLOS ONE | https://doi.org/10.1371/journal.pone.0178818 June 2, 2017 12 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0178818.s001
https://doi.org/10.1371/journal.pone.0178818


S2 Fig. Puppets on the stage from the viewpoint of the infant participant.

(DOCX)

Acknowledgments

This study is based on a thesis submitted by the first author in partial fulfillment of the MA

degree requirements at University of the Pacific. We thank Katrina Bettencourt, Audrey

Campbell, Amir Cruz-Khalili and other members of the research team at the University of the

Pacific for their assistance with this study.

Author Contributions

Conceptualization: TN CK MN HS.

Data curation: TN.

Formal analysis: TN CK.

Funding acquisition: TN CK.

Investigation: TN.

Methodology: TN CK MN HS.

Project administration: TN CK.

Resources: TN CK.

Supervision: CK.

Validation: TN.

Visualization: TN CK.

Writing – original draft: TN.

Writing – review & editing: TN CK MN HS.

References

1. Hamlin JK, Wynn K, Bloom P. Social evaluation by preverbal infants. Nature. 2007; 450(7169):557–9.

https://doi.org/10.1038/nature06288 PMID: 18033298

2. Hamlin JK, Wynn K. Young infants prefer prosocial to antisocial others. Cogn Dev. 2011; 26(1):30–9.

https://doi.org/10.1016/j.cogdev.2010.09.001 PMID: 21499550

3. Hamlin JK, Wynn K, Bloom P. Three-month-olds show a negativity bias in their social evaluations.

DESC. 2010; 13(6):923–9. https://doi.org/10.1111/j.1467-7687.2010.00951.x PMID: 20977563

4. Hamlin JK, Wynn K. Who knows what’s good to eat? Infants fail to match the food preferences of antiso-

cial others. Cogn Dev. 2012; 27(3):227–39. https://doi.org/10.1016/j.cogdev.2012.05.005

5. Hamlin JK, Wynn K, Bloom P, Mahajan N. How infants and toddlers react to antisocial others. Proc.

Natl. Acad. Sci. U.S.A. 2011; 108(50):19931–6. https://doi.org/10.1073/pnas.1110306108 PMID:

22123953

6. Buon M, Jacob P, Margules S, Brunet I, Dutat M, Cabrol D, et al. Friend or foe? Early social evaluation

of human interactions. PloS one. 2014; 9(2). https://doi.org/10.1371/journal.pone.0088612 PMID:

24586355

7. Geraci A, Surian L. The developmental roots of fairness: Infants reactions to equal and unequal distribu-

tions of resources. DESC. 2011; 14(5):1012–20. https://doi.org/10.1111/j.1467-7687.2011.01048.x

PMID: 21884317

8. Scola C, Holvoet C, Arciszewski T, Picard D. Further evidence for infants’ preference for prosocial over

antisocial behaviors. INFA. 2015; 20(6):684–92. https://doi.org/10.1111/infa.12095

Stability of infants’ prosocial preferences

PLOS ONE | https://doi.org/10.1371/journal.pone.0178818 June 2, 2017 13 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0178818.s002
https://doi.org/10.1038/nature06288
http://www.ncbi.nlm.nih.gov/pubmed/18033298
https://doi.org/10.1016/j.cogdev.2010.09.001
http://www.ncbi.nlm.nih.gov/pubmed/21499550
https://doi.org/10.1111/j.1467-7687.2010.00951.x
http://www.ncbi.nlm.nih.gov/pubmed/20977563
https://doi.org/10.1016/j.cogdev.2012.05.005
https://doi.org/10.1073/pnas.1110306108
http://www.ncbi.nlm.nih.gov/pubmed/22123953
https://doi.org/10.1371/journal.pone.0088612
http://www.ncbi.nlm.nih.gov/pubmed/24586355
https://doi.org/10.1111/j.1467-7687.2011.01048.x
http://www.ncbi.nlm.nih.gov/pubmed/21884317
https://doi.org/10.1111/infa.12095
https://doi.org/10.1371/journal.pone.0178818


9. Scarf D, Imuta K, Colombo M, Hayne H. Social evaluation or simple association? Simple associations

may explain moral reasoning in infants. PLoS ONE. 2012; 7(8):e42698 https://doi.org/10.1371/journal.

pone.0042698 PMID: 22905161

10. Salvadori E, Blazsekova T, Volein A, Karap Z, Tatone D, Mascaro O, et al. Probing the strength of

infants’ preference for helpers over hinderers: Two replication attempts of Hamlin and Wynn (2011).

PloS one. 2015; 10(11). https://doi.org/10.1371/journal.pone.0140570 PMID: 26565412

11. Cowell JM, Decety J. The neuroscience of implicit moral evaluation and its relation to generosity in early

childhood. CB. 2015; 25(1):93–7. https://doi.org/10.1016/j.cub.2014.11.002 PMID: 25532892

12. Cote CA, Thompson RH, Hanley GP, McKerchar PM. Teacher report and direct assessment of prefer-

ences for identifying reinforcers for young children. J Appl Behav Anal. 2007; 40(1):157–66. https://doi.

org/10.1901/jaba.2007.177-05 PMID: 17471799

13. DeLeon IG, Iwata BA. Evaluation of a multiple-stimulus presentation format for assessing reinforcer

preferences. J Appl Behav Anal. 1996; 29(4):519–32 https://doi.org/10.1901/jaba.1996.29-519 PMID:

8995834

14. Kang S, O’Reilly M, Lancioni G, Falcomata TS, Sigafoos J, Xu Z. Comparison of the predictive validity

and consistency among preference assessment procedures: A review of the literature. Res Dev Disbil.

2013; 34(4):1125–33. https://doi.org/10.1016/j.ridd.2012.12.021 PMID: 23357675

15. Hanley GP, Iwata BA, Roscoe EM. Some determinants of changes in preference over time. J Appl

Behav Anal. 2006; 39(2):189–202. https://doi.org/10.1901/jaba.2006.163-04 PMID: 16813040

16. Zhou L, Iwata BA, Goff GA, Shore BA. Longitudinal analysis of leisure-item preferences. J Appl Behav

Anal. 2001; 34(2):179–84. https://doi.org/10.1901/jaba.2001.34-179 PMID: 11421310

17. Diedrich FJ, Highlands TM, Spahr KA, Thelen E, Smith LB. The role of target distinctiveness in infant

perseverative reaching. J Exp Child Psychol. 2001; 78(3):263–90. https://doi.org/10.1006/jecp.2000.

2569 PMID: 11222002

18. Fisher-Thompson D, Peterson JA. Infant side biases and familiarity-novelty preferences during a serial

paired-comparison task. Infancy. 2004; 5(3):309–40.

19. Kuhlmeier V, Wynn K, Bloom P. Attribution of dispositional states by 12-month-olds. Psychol. Sci. 14

(5): 402–8. https://doi.org/10.1111/1467-9280.01454 PMID: 12930468

20. Simmons JP, Nelson LD, Simonsohn U. False-positive psychology: undisclosed flexibility in data collec-

tion and analysis allows presenting anything as significant. Psychol. Sci. 2011; 22(11):1359–66. https://

doi.org/10.1177/0956797611417632 PMID: 22006061

21. Kazdin AE. Single-case research designs: Methods for clinical and applied settings. 2nd edition. New

York, NY US: Oxford University Press; 2010.

22. Cannella HI, O’Reilly MF, Lancioni GE. Choice and preference assessment research with people with

severe to profound developmental disabilities: a review of the literature. Res Dev Disbil. 2005; 26(1):1–

15. https://doi.org/10.1016/j.ridd.2004.01.006 PMID: 15590233

23. Fisher W, Piazza CC, Bowman LG, Hagopian LP, Owens JC, Slevin I. A comparison of two approaches

for identifying reinforcers for persons with severe and profound disabilities. J Appl Behav Anal. 1992; 25

(2):491–8. https://doi.org/10.1901/jaba.1992.25-491 PMID: 1634435

24. Paclawskyj TR, Vollmer TR. Reinforcer assessment for children with developmental disabilities and

visual impairments. J Appl Behav. 1995; 28(2):219–24. https://doi.org/10.1901/jaba.1995.28-219

25. Heal NA, Hanley GP, Smith RG. Evaluating preschool children’s preferences for motivational systems

during instruction. J Appl Behav Anal. 2007; 40(2):249–61. https://doi.org/10.1901/jaba.2007.59-05

PMID: 17624066

26. Rush KS, Kurtz PF, Lieblein TL, Chin MD. The utility of a paired-choice preference assessment in pre-

dicting reinforcer effectiveness for an infant. J Early Intensive Behav Interv. 2005; 2(4):247–51. https://

doi.org/10.1037/h0100317

27. Mehrkam LR, Dorey NR. Is preference a predictor of enrichment efficacy in Galapagos tortoises (Chelo-

noidis nigra)? Zoo Biol. 2014; 33(4):275–84. https://doi.org/10.1002/zoo.21151 PMID: 25065472

28. Fernandez EJ, Dorey N, Rosales-Ruiz J. A two-choice preference assessment with five cotton-top tam-

arins (Saguinus oedipus). JAAWS. 2004; 7(3):163–9. https://doi.org/10.1207/s15327604jaws0703_2

PMID: 15498723

29. Oakes. Sample size, statistical power, and false conclusions in infant looking-time research. Infancy.

2017; 1–34, https://doi.org/10.1111/infa.12186

30. Simmons JP, Nelson LD, Simonsohn U. False-positive psychology: undisclosed flexibility in data collec-

tion and analysis allows presenting anything as significant. Psychol. Sci. 2011; 22(11):1359–66. https://

doi.org/10.1177/0956797611417632 PMID: 22006061

Stability of infants’ prosocial preferences

PLOS ONE | https://doi.org/10.1371/journal.pone.0178818 June 2, 2017 14 / 15

https://doi.org/10.1371/journal.pone.0042698
https://doi.org/10.1371/journal.pone.0042698
http://www.ncbi.nlm.nih.gov/pubmed/22905161
https://doi.org/10.1371/journal.pone.0140570
http://www.ncbi.nlm.nih.gov/pubmed/26565412
https://doi.org/10.1016/j.cub.2014.11.002
http://www.ncbi.nlm.nih.gov/pubmed/25532892
https://doi.org/10.1901/jaba.2007.177-05
https://doi.org/10.1901/jaba.2007.177-05
http://www.ncbi.nlm.nih.gov/pubmed/17471799
https://doi.org/10.1901/jaba.1996.29-519
http://www.ncbi.nlm.nih.gov/pubmed/8995834
https://doi.org/10.1016/j.ridd.2012.12.021
http://www.ncbi.nlm.nih.gov/pubmed/23357675
https://doi.org/10.1901/jaba.2006.163-04
http://www.ncbi.nlm.nih.gov/pubmed/16813040
https://doi.org/10.1901/jaba.2001.34-179
http://www.ncbi.nlm.nih.gov/pubmed/11421310
https://doi.org/10.1006/jecp.2000.2569
https://doi.org/10.1006/jecp.2000.2569
http://www.ncbi.nlm.nih.gov/pubmed/11222002
https://doi.org/10.1111/1467-9280.01454
http://www.ncbi.nlm.nih.gov/pubmed/12930468
https://doi.org/10.1177/0956797611417632
https://doi.org/10.1177/0956797611417632
http://www.ncbi.nlm.nih.gov/pubmed/22006061
https://doi.org/10.1016/j.ridd.2004.01.006
http://www.ncbi.nlm.nih.gov/pubmed/15590233
https://doi.org/10.1901/jaba.1992.25-491
http://www.ncbi.nlm.nih.gov/pubmed/1634435
https://doi.org/10.1901/jaba.1995.28-219
https://doi.org/10.1901/jaba.2007.59-05
http://www.ncbi.nlm.nih.gov/pubmed/17624066
https://doi.org/10.1037/h0100317
https://doi.org/10.1037/h0100317
https://doi.org/10.1002/zoo.21151
http://www.ncbi.nlm.nih.gov/pubmed/25065472
https://doi.org/10.1207/s15327604jaws0703_2
http://www.ncbi.nlm.nih.gov/pubmed/15498723
https://doi.org/10.1111/infa.12186
https://doi.org/10.1177/0956797611417632
https://doi.org/10.1177/0956797611417632
http://www.ncbi.nlm.nih.gov/pubmed/22006061
https://doi.org/10.1371/journal.pone.0178818


31. Peterson D. The baby factory: Difficult research objects, disciplinary standards, and the production of

statistical significance. Socius: Sociological Research for a Dynamic World. 2016; 2. https://doi.org/10.

1177/2378023115625071

32. Rosenthal R, Rubin DB. Interpersonal expectancy effects: The first 345 studies. Behav. Brain. Sci.

1978; 1(3):377–86. https://doi.org/10.1017/S0140525X00075506

Stability of infants’ prosocial preferences

PLOS ONE | https://doi.org/10.1371/journal.pone.0178818 June 2, 2017 15 / 15

https://doi.org/10.1177/2378023115625071
https://doi.org/10.1177/2378023115625071
https://doi.org/10.1017/S0140525X00075506
https://doi.org/10.1371/journal.pone.0178818

