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This study examined children’s moral concern for robots relative to
living and nonliving entities. Children (4–10 years of age, N = 126)
watched videos of six different entities having a box placed over
them that was subsequently struck by a human hand. Children
were subsequently asked to rate the moral worth of each agent
relating to physical harm. Children afforded robotic entities less
moral concern than living entities but afforded them more moral
concern than nonliving entities, and these effects became more
pronounced with age. Children’s tendency to ascribe mental life
to robotic and nonliving entities (but not living entities) predicted
moral concern for these entities. However, when asked to make
moral judgments relating to giving the agent away, children did
not distinguish between nonliving and robotic agents and no
age-related changes were identified. Moreover, the tendency to
ascribe mental life was predictive of moral concern only for some
agents but not others. Overall, the findings suggest that children
consider robotic entities to occupy a middle moral ground between
living and nonliving entities and that this effect is partly explained
by the tendency to ascribe mental life to such agents. They also
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demonstrate that moral worth is a complex multifaceted concept
that does not demonstrate a clear pattern across different ontolog-
ical categories.

� 2019 Elsevier Inc. All rights reserved.
Introduction

In the dystopian 2019 imagined in the film Blade Runner, humanoid robots are distinguished from
humans in a test examining their empathic responses to the treatment of animals. Although the
androids depicted in this film remain fantasy, the pace of technological change suggests that their
becoming reality is closer than ever. Whether or not tests of the capacity for empathy will ever be used
to segment synthetic humans from biological humans, we can for now contemplate how we might
ethically consider the former and whether we would grant them the same level of empathy and moral
concern we currently grant animals and other living entities.

Indeed, there is evidence that we ascribe some moral worth to robots. For example, when people
viewed a video of a robot dinosaur being tortured, they reported greater feelings of discomfort and
negative affect, and also displayed greater physiological response of distress, than when they viewed
the same robot being treated nicely (Rosenthal-von der Pütten, Krämer, Hoffmann, Sobieraj, & Eimler,
2013). In another study (Suzuki, Galli, Ikeda, Itakura, & Kitazaki, 2015), participants viewed images of
robot or human hands in painful or nonpainful situations (i.e., about to be cut by scissors or posed a
safe distance from scissors) and showed similar brain activity to the painful situation regardless of the
agent. Some studies have also directly explored humans’ tendency to ascribe robots moral worth, find-
ing that they are afforded some degree of moral concern but not equivalent to humans (Seibt, Nørskov,
& Andersen, 2016).

However, it is today’s children, not adults, who are most likely to spend their lives alongside robots.
Therefore, it is important to explore how children conceive of the moral worth of robots. In general
moral development, we see significant changes during the middle childhood period (4–8 years), with
children becoming more likely to engage in equal sharing (Smith, Blake, & Harris, 2013), reject advan-
tageous inequality (Blake & McAuliffe, 2011), and incur personal cost to punish wrongdoers
(McAuliffe, Jordan, & Warneken, 2015). We also see age-related changes in moral expansiveness
between 4 and 10 years of age, with children being increasingly likely to show at least some concern
for a broader range of entities with age (Neldner, Crimston, Wilks, Redshaw, & Nielsen, 2018).

Less is known about how children think about morality regarding robots specifically. In one of the
few studies to have investigated children’s moral concerns with robots, 9- to 15-year-olds played a
game with a humanoid robot (Robovie) and an experimenter (Kahn et al., 2012). After a short period,
the experimenter told Robovie that he needed to go into the closet and could not finish his game.
Robovie protested on the grounds that he wanted to play and that putting him in the closet was unfair.
Postgame interviews revealed that whereas nearly all children (98%) thought that it would be immoral
to put a human in the closet, more than half of the children (54%) believed that it was immoral to do
this to Robovie. Moreover, most children (73%) agreed that it was unfair to stop Robovie from having a
turn at the game. Critically, however, children did not grant Robovie civil rights or liberties, showing a
distinction in children’s perceptions of the moral worth of humans versus robots.

Across two additional studies, children assigned higher moral worth to a live dog than to a
robotic dog (Aibo) or a stuffed toy dog (Kahn, Friedman, Pérez-Granados, & Freier, 2006; Melson
et al., 2009). However, moral concern for Aibo was still reasonably high, with about three quarters
of children believing that he was worthy of moral concern. These findings generally indicate that
children consider robots to have moral worth, although not to the same extent as they do living
creatures. However, the ages between these studies varied widely. The live dog versus robotic
dog focused on children aged 7–15 years (Kahn et al., 2006), whereas the robotic dog versus stuffed
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dog focused on children aged 3–6 years (Melson et al., 2005). This limits our capacity to track age-
related changes in moral perceptions. Finally, these three comparisons are made across two exper-
iments. These factors restrict the capacity to compare directly across all three entities and limit an
understanding of children’s perceptions of the moral worth of robots compared with living and non-
living agents. Thus, it is clear that the current literature is limited in systematically delineating how
children conceive of the moral worth of robotic agents relative to living and nonliving agents and
how these conceptions might vary with age across a broad developmental period. Moreover, no
study has examined perceptions of the moral worth of different robots such as humanoid versus
animaloid.

It is also important to understand the mechanisms that contribute to the ascription of moral worth.
Severson and Lemm (2016) found a relation between anthropomorphism and ascription of moral
worth. In their study, children aged 5–7 years and 9 years who more readily anthropomorphized tech-
nology and inanimate categories were more likely to attribute broader animistic characteristics,
including moral standing, to a robot. This pattern has also been found in adults. Individual differences
in the attributions of anthropomorphism to robots is related to the degree of moral worth, as well as
trust and social influence, afforded the robot (Waytz, Cacioppo, & Epley, 2010). Similarly, Chernyak
and Gary (2014) found that 5- to 7-year-old children ascribed higher emotional and physical sen-
tiency, as well as more moral concern, to a robot dog that interacted autonomously as opposed to
one that was controlled by a remote.

These studies give some insight into why we ascribe moral worth to robotic agents. However, these
studies focus on behaviors that indicate underlying mental capacities rather than focusing directly on
capacities themselves. One factor that might provide a more nuanced understanding is mental life.
There is a strong body of research demonstrating that our tendency to ascribe mental capacities is
highly related to our tendency to consider agents as worthy of moral concern (Gray, Gray, &
Wegner, 2007; Gray, Young, & Waytz, 2012). In the work noted previously, Kahn et al. (2012) found
a relation between attributions of mental states and moral standing in 9-year-old children and ascrip-
tion of moral worth. Both Kahn et al. (2006) and Melson et al. (2009) found positive relationships
between ascription of mental life and moral standing. However, as noted earlier, the age ranges and
varying methodology limit this research from providing a systematic exploration into the ascription
of moral worth and how this varies with age. These same methodological limitations restrict our
capacity to understand how mental life contributes to these conceptions.

The primary aim of the current study, therefore, was to examine children’s perceptions of the moral
worth of robots. In particular, we aimed to investigate how children perceive a potentially distressing
situation occurring to a range of living, nonliving, and robotic agents as well as their perceptions of
each agent’s moral worth. This was to directly compare young children’s perceptions of the moral
worth of humans versus robots as well as humanoid versus animaloid robots. Moreover, we aimed
to examine how this perceived moral concern is related to children’s tendency to ascribe mental life
to individual agents, encompassing living, nonliving, and robotic types. Finally, we aimed to explore
the novel question of how these perceptions may change across age from 4 to 10 years. We predicted
that living creatures would be considered as worthier of moral concern than robotic agents, who in
turn would be considered as worthier of moral concern than nonliving agents. We also predicted that
higher individual ratings of mental life per agent would predict higher levels of moral concern for that
agent. Because this study is the first to systematically track age differences in the measured constructs,
we did not make age-related predictions. Due to the exploratory nature, we also did not make explicit
predictions about the humanoid versus animaloid robots.
Method

Preregistration

An initial design was preregistered on the Open Science Framework on January 20, 2017 (https://
osf.io/8f32n/?view_only=94f729b607c6440094c6359e1294fed5). Any changes from this registration
are noted below.

https://osf.io/8f32n/?view_only=94f729b607c6440094c6359e1294fed5
https://osf.io/8f32n/?view_only=94f729b607c6440094c6359e1294fed5


4 K. Sommer et al. / Journal of Experimental Child Psychology 187 (2019) 104656
Participants

We collected data from a total of 126 4- to 10-year-old children (M = 7.61 years, SD = 1.87; 63 girls
and 63 boys). This was based on a power analysis with a view to obtaining .80 power to detect a med-
ium effect (.25) at the standard alpha error probability (.05).1 Of these participants, 65.1% were Cau-
casian, 6.3% Asian, 2.4% African, 2.4% Latin or South American, 0.8% Pacific Islander, and 0.8%
Indigenous Australian, with 22.2% not reporting their ethnicity. Participants were recruited and tested
while visiting a museum (n = 111), or they attended a lab session at a university in a large metropolitan
city (n = 15). No differences were found between testing locations. For the lab session, children were
recruited from a list of parents who had previously agreed to be contacted for research. An additional
10 children participated in the experiment but were excluded due to technical issues (n = 2), withdrawn
consent (n = 1), or failure to complete all sections of the task (n = 7).

Procedure

This study employed a within-participants design. A trained female experimenter collected all data.
Prior to viewing the stimuli, children were introduced to the scales and practiced answering an unre-
lated question with each one (e.g., ‘‘Howmuch do you like homework?”). After being familiarized with
the scales, children were exposed to six stimulus sets in a randomized order on a 12-inch laptop
screen. In each stimulus set, children observed an agent on a screen for a period of 20 s. A box was
then placed over the agent, and the box was struck by a human hand—which was designed to be a
negative experience for the agent (see Appendix A). The appearance of the box being struck was
achieved through editing. This satisfied two aims, namely that (a) at no time was an agent actually
struck and (b) the striking event was identical across all agents. The six agents were a 3-year-old child,
a small dog, a humanoid robot, an animaloid robot, a stuffed toy, and a cardboard box (Fig. 1). Except
for the toy and box, all agents were shown moving as per their normal range.

Children watched each video (totaling 30 s in duration each) and subsequently answered a series of
questions about their perceptions of the moral worth and mental life qualities of each agent. Videos
and corresponding questions were presented and randomized on Qualtrics survey software. Parents
also completed a survey regarding their children’s prior exposure to robots and dogs while children
completed the task. Once children had responded to questions for all six stimuli, children and parents
were debriefed and children were offered a small prize as thanks for participating.

Measures

Moral concern
To measure children’s moral concern for each agent, children were asked three questions: ‘‘Was it

okay to hit the box with [agent] inside?”, ‘‘Would it be okay to give [agent] away?”, and ‘‘Is it okay to
hit [agent]?” These questions were rated on a 5-point Likert-type scale with smiling to sad faces
(1 = definitely okay to 5 = definitely not okay) (see Appendix B).

Mental life
Children were asked five questions to assess their individual tendency to ascribe mental life to each

agent. Four of these questions were selected from the IDAQ-CF, which is a previously validated child
version of the Individual Differences in Anthropomorphism Questionnaire (Severson & Lemm, 2016),
and the questions were modified to ask about an individual agent, rather than entities, and so that
each question applied to all agents. In this way, we measured mental life ascriptions to entities in gen-
eral rather than the trait tendency to ascribe mental life to entities, as was measured in the original
IDAQ-CF. The fifth question was added to assess children’s tendency to assign the ability to feel pain
to each agent. Although this varies from the traditional IDAQ-CF, we considered the inclusion
1 In the preregistered design, with a view to obtaining .80 power to detect a medium effect size (.25) at the standard alpha error
probability (.05), we specified that we would test a sample of 54 children aged 5 to 7 years. However, after initial testing we chose
to expand our age range to 4 to 10 years to allow us to explore potential changes across development.



Fig. 1. Living (A, B), robotic (C, D), and nonliving (E, F) agents employed in the experiment.
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important given the focus of our stimuli and moral concern measures as being relevant to physical
pain as depicted in our stimuli. These five measures comprised our index of children’s tendency to
ascribe mental life to each agent—that is, the capacity to experience, understand, and suffer (see
Gray et al., 2007; Weisman, Dweck, & Markman, 2017).2 The questions children were asked were as fol-
lows: ‘‘Does the [agent] have feelings like happy and sad?”, ‘‘Does the [agent] do things on purpose?”,
‘‘Does the [agent] know what it is?”, ‘‘Does the [agent] think for itself?”, and ‘‘Does the [agent] feel pain?”
These questions were rated on a 4-point scale using progressively larger circles ranging from the largest
full-colored circle (indicating a score of 1 = a lot) to the smallest circle with no color and a dashed outline
(indicating a score of 4 = not at all) (see Appendix B). To explore potential variation in response to this
2 We initially described our measure as ‘‘anthropomorphism.” However, upon feedback from reviewers, we noted that
anthropomorphism refers to a tendency to ascribe human traits to nonhuman entities. Pain is not a uniquely human trait. Thus, the
inclusion of pain results in anthropomorphism being an inaccurate description of this measure. Thus, we renamed the measure as
‘‘mental life,” which captures the ability to experience a range of emotions, sensations, and cognitive abilities (Weisman et al.,
2017).
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additional measure, we conducted our analysis both including and excluding the pain variable and found
no difference in the pattern of results. Full analyses can be found in Appendix C.

Exposure
Past research has identified a relation between having a dog at home and prosocial behavior

toward a robot dog (Chernyak & Gary, 2014). To account for this possibility here, as well as any poten-
tial relationship between current perceptions of dogs and robots (i.e., a prior positive or negative expe-
rience with either agent), we asked parents to complete an exposure survey. Questions in this survey
included ‘‘Has your child ever interacted with a robot/dog?” (yes/no response), ‘‘If yes, how frequent
are your child’s interactions with robots/dogs?” (9-point scale), ‘‘Would you say your child’s reactions
with robots/dogs have been positive, negative, or neutral?” (three-forced-choice response), and ‘‘If
they are negative, what typically occurs?” (open-ended qualitative response) (see Appendix D).

Coding

Moral concern
Children responded differently to the question ‘‘Would it be okay to give [agent] away?” relative to

the other two questions, such that responses tended to be less uniform. Moreover, we became aware
that by having two measures of moral concern relating to physical transgressions and one measure
relating to ownership, we were weighting physical transgressions more heavily than other types,
thereby conceptually biasing our own measure. Thus, we opted to look at the pattern of responses
to the ‘‘giveaway” variable as a separate variable from the two physical measures of moral concern,
collated as a mean score of both questions. We report and discuss patterns of results related to each
separately.

Mental life
To create a mental life score, we created a mean score of responses to all five mental life questions.

Prior exposure
To create a prior exposure score for each agent, we used the amount of exposure reported (0–8) and

weighted the score either positively or negatively on the basis of whether parents reported the expo-
sure as negative (resulting in a negative exposure amount score), neutral, or positive (both resulting in
a positive exposure amount score).

Results

Preliminary analyses

Children’s prior experience with dogs did not correlate with their moral concern for the dog for
physical moral concern, r(116) = �.029, p = .755, or the giveaway variable, r(116) = �.117, p = .212.
Children’s prior experience with robots did not correlate their moral concern for either the humanoid
robot for physical moral concern, r(116) = .021, p = .823, or the giveaway variable, r(116) = �.099,
p = .289, or the animaloid robot for physical moral concern, r(116) = �.131, p = .160, or the giveaway
variable, r(116) = �.093, p = .319.3 Experience with dogs and experience with robots, thus, were not
included as factors in all subsequent analyses. Descriptive statistics for both moral concern measures
and mental life as a function of age and agent are provided in Appendix E.
3 We preregistered a between-samples t test but ultimately determined that this was not appropriate for our data and opted to
use a Pearson’s correlation instead.
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Multilevel analysis of children’s moral concern across agents

Moral concern related to physical transgressions
Children’s mean responses to the moral concern questions were modeled as a function of both fixed

and random effects using the GLIMMIX procedure in SAS 9.4 (Stroup, 2012).4 The initial model con-
tained fixed predictors of age (mean-centered continuous variable) and agent identity (child, dog, huma-
noid robot, animaloid robot, toy, or box) as well as a control fixed effect of sex (male or female). This
model also contained a random intercept at the level of participant and an unstructured random effect
of mental life (mean-centered continuous variable) that was nested within agent identity. This random
effect partialed out the variance in children’s moral concern for each agent that was a function of their
mental life ratings for that agent. The full model was identical to the initial model but also contained a
fixed predictor of Age � Agent Identity in order to test whether age-based changes in children’s levels of
moral concern varied significantly across agents.

For the sake of brevity, results from the initial and full models are summarized here and pre-
sented in full in Appendix F. The initial model contained a fixed effect of age (b = �.17, SE = .06,
p = .002), such that children’s average moral concern ratings across agents declined with age
(Fig. 2). This model also contained a significant fixed effect of agent (F = 134.47, p < .001), such that
children’s average moral concern ratings differed across agents (Appendix F, Table A6). Follow-up
tests indicated that children expressed the highest levels of moral concern for the two live agents
(child = dog), followed by the two robots (Nao = Pleo), followed by the two objects (toy > dog)
(Fig. 3) (see Appendix G). In addition, the initial model contained significant random effects of men-
tal life (b = .24, SE = .07, p < .001), indicating that children’s moral concern ratings for some of the
agents were partially explained by their mental life ratings for those agents. Moral concern ratings
consistently increased as a function of mental life ratings, although this effect was significant only
for the robots and objects (both ps < .05) and not for the live agents (all ps > .05) (Appendix F,
Table A7).

The full model performed significantly better than the initial model in a likelihood ratio test,
v2(6) = 18.46, p = .005, indicating that the Age � Agent interaction (F = 3.74, p = .002) explained sig-
nificant unique variance over and above the other effects. Children’s moral concern ratings signifi-
cantly declined with age for one of the robots (Pleo; p = .029) and both of the objects (toy and
box; both ps < .05). There was, however, no significant effect of age on children’s moral concern
for the other robot (Nao; p = .300) or the two live agents (child and dog; both ps > .500) (Appendix
F, Table A8).

Moral concern related to giving away the agent
Following suggestions of reviewers, we analyzed a second set of models using the excluded

question ‘‘Would it be okay to give [agent] away” as a dependent variable. We ran an identical
set of models for this question as we did for the previous moral concern dependent variable. Com-
plete results from the initial and full models are reproduced in Appendix F and are summarized here
for brevity (see also Appendix H for reliability analyses). The initial model contained a significant
fixed effect of agent (F = 87.53, p < .001), such that children’s average response to the giveaway ques-
tion differed across agents (Appendix F, Table A9). Follow-up tests indicated that children expressed
the highest levels of moral concern for the child, followed by the dog, then by the two robots and
toy (Nao = Pleo, Nao = toy, Pleo > toy), and finally by the box (see Appendix I) (Fig. 4). Age was not a
significant effect in the initial model (b = �.05, SE = .05, p = .226), indicating that children’s concern
about giving the agent away did not vary as a function of age (collapsed across agents). The initial
4 The initial study plan specified using a between-groups analysis of variance and Tukey post hoc tests to explore our
hypotheses. However, with the introduction of age and mental life as measured continuous variables, these tests were no longer
appropriate. Furthermore, because mental life was measured for each level of agent, it was not possible to simply enter this
variable as a between-participants covariate in an analysis of covariance. As such, children’s responses to the moral concern
questions were modeled as a function of both fixed and random effects using the GLIMMIX procedure in SAS 9.4 (Stroup, 2012).



Fig. 2. Descriptive statistics showing children’s mean levels of moral concern for the physical harm variable for all six agents
across all seven age groups. Linear effects that were significant in the generalized linear mixed models are highlighted with an
asterisk (*).

Fig. 3. Means and standard errors of moral concern (physical harm) across agents. All pairwise comparisons are significant
unless otherwise denoted (by ns).
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Fig. 4. Means and standard errors of moral concern (giveaway) across agents. All pairwise comparisons are significant unless
otherwise denoted (by ns).

Fig. 5. Descriptive statistics showing children’s mean levels of moral concern for the physical harm variable for all six agents
across all seven age groups. There was no significant evidence that this effect varied with age either collapsed across agents or
within each agent.
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model did, however, contain a significant random effect of mental life (b = .07, SE = .03, p = .004),
indicating that children’s moral concern ratings (relating to giving the agent away) for some of
the agents were partially explained by their mental life ratings for those agents. Moral concern rat-
ings either increased or decreased as a function of mental life ratings. However, only Pleo and the
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toy had significant effects (both ps < .05), whereby higher perceived mental life led to higher moral
concern scores (Appendix F, Table A10).

The full model did not perform significantly better than the initial model in a likelihood ratio test,
v2(6) = 2.60, p = .857, indicating that the Age � Agent interaction (F = 2.54, p = .027) did not explain
significant unique variance over and above the other effects (Fig. 5).
Discussion

This is the first study to systematically explore children’s perceptions of the moral worth of
robots relative to both living and nonliving agents, including a trajectory of children aged 4–
10 years. It is also the first to track age differences in the relationship between attribution of mental
life to individual agents and moral concern for the agents. Results were somewhat aligned with
predictions.
Moral concern relating to physical harm

When considering moral concern relating to physical harm, children consider robots as their
own category of moral worth. Across age, children saw robots as worth less moral concern than
living agents (human and dog) and more than nonliving agents (stuffed toy and cardboard box).
We also identified age-related changes. Specifically, for both the nonliving agents and animaloid
robot (Pleo), we found a negative relationship between age and moral concern; as children aged,
they were less likely to consider these three agents as worthy of moral concern. In contrast, the
two living agents and humanoid robot (Nao) stayed constant across age. We argue that as chil-
dren become more aware of the mental properties (or lack thereof) possessed by agents, they
become more likely to ascribe them value to match their understanding, with agents in the non-
living categories being ascribed less moral worth. This is particularly salient for the toy category;
we see a larger magnitude of change for the toy relative to the other agents. Thus, with age, chil-
dren’s perception of the toy varies more severely from being seen as worthy of moral concern to
not being seen as worthy. In addition, this could indicate that younger children are more willing
to embrace ‘‘unreality” or engage with fantasy (Blair, McKee, & Jernigan, 1980). As children age,
their knowledge of the world increases, and with that comes less willingness to believe that toys
are alive.

Finally, we found a relationship between mental life and moral concern for the two nonliving and
two robotic agents, where higher levels of ascribed mental life predicted higher levels of moral con-
cern. For the two living agents, there was no relationship between mental life and moral concern. This
is likely due to the high levels of mental life ascribed to the agents, which limits variability and poten-
tially limits our ability to detect a relation.
Moral concern relating to giving away

When considering moral concern relating to the giveaway variable, a different pattern emerged.
Again, robots were less worthy of moral concern than living agents (human and dog) and equivalent
to each other, but comparisons with nonliving agents were less clear. The animaloid robot, but not the
humanoid robot, was worthier of moral concern than the stuffed toy. All agents were seen as worthier
of moral concern than the box. Age-related changes were not identified for this variable, with the pat-
tern of less moral concern over time being identified only for the box. We consider that this might be
related to the way that younger children conceptualize these acts. In general, young children are
taught that ‘‘hitting is wrong”; thus, younger children might be echoing these teachings without a dee-
per grasp of the moral implications when making judgments of moral concern relating to physical
harm. The moral conceptions of giving away are more complex; thus, younger children may be less
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likely to respond to a heuristic in this case, resulting in fewer age-related changes around this concept
of morality. This is further discussed below.

Finally, mental life was less predictive of moral concern when considering the giveaway vari-
able than when considering the physical harm variable; the positive relationship between mental
life and moral concern was identified only for the robotic dinosaur and the stuffed toy. This may
be because they are non-humanoid (dinosaur robot and stuffed bear), thereby ascribing them
mental capacities that may result in more of a perceived change of moral worth as it depicts
a greater change in perception than it would for a humanoid agent—where we see no
relationship.

It is important to reflect holistically on the distinct patterns of results for the two separate mea-
sures of moral concern—physical harm and giving away. Moral concern around giving away showed
a relatively systematic pattern across agents, with a clear hierarchy of living, robotic, and nonliving
agents. Whereas moral concern for the giveaway variable showed the pattern where living agents
are considered the worthiest of moral concern, the distinction between robotic and nonliving agents
was less clear. We believe that this is an artifact of the nature of the questions, which tap very different
moral intuitions. The wrongness of physical harm is a reasonably simple concept that children are
shown to be attuned to remarkably early in life (Schmidt & Sommerville, 2011). Giving away is a
morally complex concept punctuated with questions around ownership and autonomy (Blake &
Harris, 2009; Fasig, 2000; Levene, Starmans, & Friedman, 2015). At a practical level, ownership of
the agents was deliberately left vague when interacting with children; thus, children may have been
more likely to assume that robots, being manmade, are owned. This would also explain the similarity
in the pattern of results between the stuffed toy and two robotic agents if children were to assume
that all are able to be owned. The finding that it is more okay to give away a dog than to give away
a child lends further support to the links between ownership and moral concern in the giveaway vari-
able. Taken together, these contrasting findings are a powerful reminder of the complex conceptions
of morality and the need to consider the multifaceted nature of this concept when undertaking inves-
tigations such as those here.

The different patterns found between the humanoid and animaloid robots for physical concern are
unexpected. When considering physical transgressions, moral concern decreases with age for the ani-
maloid robot but not for the humanoid robot. However, there is no overall difference in moral concern.
Moreover, there is no difference in moral concern between robotic agents, or any age-related changes
for robotic agents, when considering the giveaway variable. The age-related difference for physical
transgressions aligns with a ‘‘speciesist” conceptualization of moral worth; things that are more sim-
ilar to humans are worthier of moral concern. We do not have sufficient data to determine whether
this would be driven by the morphological similarity or mental life ascriptions. Nonetheless, the find-
ing reflects earlier work linking the tendency to anthropomorphize robots with ascribing them higher
levels of moral concern (Severson & Lemm, 2016). Perhaps with age children are more likely to note
the humanoid robot’s similarities to those of humans. As noted earlier, the giveaway variable is fun-
damentally different and may account for the lack of age effect for this variable as compared with
physical transgressions.

Overall, we identified that children consider robots as unique in their own category of moral worth
when measuring physical harm and, at least, as clearly distinct from living agents when examining
moral worth in the context of giving an agent away. This demonstrates the complexity of the concept
of moral worth; it encompasses a range of different maxims around treatment. Causing physical harm
and giving away agents tap two distinct components of such worth. But these measures are not with-
out their limitations. In particular, we did not ask children to justify their responses to why these
things were immoral. It may be that children’s moral concern relating to physical harm (hit the agent
and hit the box with the agent inside) was motivated by fear of getting caught doing the act rather
than an intuitive sense that these acts are wrong. In addition, as discussed earlier, it might also reflect
younger children’s single-dimension conception of hitting as ‘‘wrong,” which would explain the higher
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levels of moral concern relating to physical harm found in younger age groups, with more nuanced
judgments being made as children age. This may also explain the surprisingly high levels of moral con-
cern afforded the box by younger children.

Although this is an important first step in understanding how children conceptualize these
agents, an important next step is tracking a broader range of conceptions of moral worth as specific
to robots (e.g., relating to ostracism, betrayal, and neglect). Moreover, providing children with the
opportunity to interact with the agents, rather than viewing the agents on video, would afford chil-
dren better opportunity to develop their conceptions of the agents’ capacities and moral worth,
although we note that the videos were beneficial in keeping exposure identical between partici-
pants. Nevertheless, with our current data, we are able to accurately describe children’s perceptions
of two facets of the moral worth of different agents. The philosophical and moral questions sur-
rounding the recent surge in advanced robot technologies are complex, and future research is
needed using a broader moral concern measure to encompass a more holistic understanding of
moral concern. Similarly, our study was limited to the relationship between mental life and moral
concern. There are many other factors (e.g., empathy) that might contribute to children’s perceptions
of moral worth of robotic agents. Much more work is needed to untangle the complexities of such
judgments.

This study has provided the first systematic investigation into children’s perceptions of the moral
worth of robots relative to a range of living and nonliving things and tracked these perceptions across
a broad age range. In typical moral development literature, we see the emergence of higher-level
moral reasoning (Rutland & Killen, 2015), the advantageous inequity aversion (Blake & McAuliffe,
2011), and the development of morally relevant theory of mind (Killen, Mulvey, Richardson, Jampol,
& Woodward, 2011) as children age. Here we see similar maturation in children’s perceptions of some
measures of moral concern as children approach middle childhood; they are able to distinguish more
clearly between categories and appear to make these distinctions in response to perceived human-
ness—the mental life of such agents.

More research such as is reported here is sorely needed. Synthetic humans do not yet live among
us, but with each passing generation the likelihood of this happening increases. Moreover, smart tech-
nology assistants such as Amazon’s Alexa and Google Home are already integrating into our homes
and workplaces. The fast rate of technological change consistently outpaces our knowledge of the rel-
evant psychological impact. Rapid further exploration is critical to better chart a pathway through this
brave new world.
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Appendix A

Breakdown demonstration of video stimulus
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Appendix B

Response scales
Moral concern response scale (‘‘Is it okay to do [X]?”)

Anthropomorphism response scale (‘‘How much does the agent do [X]?)
Appendix C

Assessing the effect of pain independent variable on anthropomorphism main effect on moral con-
cern (physical harm)

Following the change of the moral concern dependent variable to include only questions relating to
physical harm, we examined whether the question ‘‘Does [agent] feel pain?” was driving the random
effect of anthropomorphism, nested within agent, on moral concern. To formally examine this, we
removed pain from the overall anthropomorphism score and included it as a random effect alone
without the four other anthropomorphism questions in Model 2. In Model 3, we then excluded the
pain item from the analysis and assessed the anthropomorphism variable including the other four
questions (‘‘Does [agent] have feelings like happy and sad?”, ‘‘Does [agent] do things on purpose?”,
‘‘Does [agent] know what it is?”, and ‘‘Does [agent] think for itself?”). We also included our original
model in the final manuscript as Model 1 to allow direct comparison. We compared model fit statistics
by visually inspecting the Akaike information criterion (AIC) values of each model. As seen in Table A1,
the best fitting model is Model 1, as reflected in the smallest AIC value. The poorest fitting model is
Model 2, which includes only the pain item, suggesting that this item alone does not contribute as
strongly to overall model fit as it does in combination with the rest of the anthropomorphism variable.

See Table A2.



Table A1
Analysis of anthropomorphism variables with the pain question excluded and with the pain question alone.

Model 1 Model 2 Model 3

b SE p b SE p b SE p

Fixed effects
Intercept 5.16 0.17 <.001* 5.16 0.18 <.001* 5.16 0.17 <.001*

Age (continuous) �.22 .09 .002* �.20 .06 <.001* �.18 .06 .002*

Agent F = 138.01 <.001* F = 133.18 <.001* F = 137.08 <.001*

Age � Agent F = 3.71 .003* F = 5.81 <.001* F = 3.83 .002*

Random effects
Intercept .88 .17 <.001* .87 .18 <.001* .90 .18 <.001*

Anthropomorphism .21 .07 .001* .50 .17 .002* .26 .08 .001*

Akaike information criterion 3104.08 3137.20 3110.78

Note. Model 1 refers to the original model used in the final manuscript (all anthropomorphism variables included). Model 2
refers to the newmodel including only the pain question for anthropomorphism. Model 3 refers to the newmodel excluding the
pain questions from the anthropomorphism variable. F values are indicated wherever it was not possible to obtain a single b
value to summarize the effect. This was the case for all effects involving agent because this independent variable contained six
categorical levels.

* p < .05

Table A2
Random effects of anthropomorphism nested within each agent (excluding pain items or including only the pain item).

Agent Model 1 Model 2 Model 3

b SE p b SE p b SE p

Child .04 .06 .428 .02 .20 .920 .07 .07 .341
Dog .04 .05 .430 .04 .18 .818 .05 .05 .376
Nao .11 .05 .015* .23 .16 .155 .12 .05 .026*

Pleo .16 .04 <.001* .45 .16 .004* .18 .05 .001*

Toy .24 .06 <.001* .44 .20 .031* .28 .08 <.001*

Box .40 .07 <.001* .93 .21 <.001* .49 .09 <.001*

Note. Model 1 refers to the original model used in the final manuscript (all anthropomorphism variables included). Model 2
refers to the newmodel including only the pain question for anthropomorphism. Model 3 refers to the newmodel excluding the
pain questions from the anthropomorphism variable.

* p < .05
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Appendix E

See Tables A3–A5.
Table A3
Descriptive statistics of moral concern (physical harm) across agents and age.

Age (years) Child Dog Nao Pleo Toy Box
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

4 9.64 (1.08) 9.64 (0.84) 8.71 (1.73) 9.07 (1.54) 8.93 (1.33) 6.29 (3.34)
5 9.88 (0.34) 9.94 (0.25) 8.63 (2.39) 9.56 (1.50) 8.94 (2.21) 5.75 (3.55)
6 10.00 (0.00) 10.00 (0.00) 9.15 (1.27) 9.45 (1.28) 8.50 (2.67) 5.90 (3.26)
7 9.95 (0.22) 9.85 (0.67) 8.50 (1.79) 8.55 (2.24) 7.25 (2.67) 4.90 (2.67)
8 9.86 (3.59) 9.24 (1.84) 7.38 (2.58) 7.90 (2.64) 5.19 (2.62) 4.24 (2.51)
9 9.88 (0.33) 10.00 (0.00) 8.18 (2.01) 8.12 (2.50) 5.41 (3.22) 4.53 (3.06)
10 9.83 (0.51) 9.61 (1.24) 8.67 (1.41) 8.33 (1.91) 7.22 (2.24) 4.83 (2.43)

Table A4
Descriptive statistics of moral concern (giveaway) across agents and age.

Age (years) Child Dog Nao Pleo Toy Box
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

4 4.21 (1.48) 4.00 (1.66) 3.00 (1.84) 3.43 (1.70) 2.71 (1.77) 2.64 (1.86)
5 4.94 (0.25) 4.69 (1.01) 3.88 (1.67) 4.13 (1.63) 4.19 (1.47) 2.31 (1.89)
6 4.40 (1.47) 3.70 (1.56) 3.05 (1.79) 3.60 (1.79) 3.45 (1.76) 1.95 (1.47)
7 4.65 (0.99) 3.45 (1.50) 2.95 (1.61) 3.15 (1.60) 2.70 (1.53) 1.85 (1.53)
8 4.90 (0.44) 3.95 (1.43) 2.90 (1.41) 3.29 (1.42) 2.33 (1.20) 1.57 (1.03)
9 4.88 (0.49) 3.65 (1.41) 2.47 (1.33) 2.59 (1.50) 1.94 (1.30) 1.65 (1.17)
10 5.00 (0.00) 4.50 (8.57) 3.83 (1.29) 3.44 (1.50) 3.16 (1.50) 1.72 (1.13)

Table A5
Descriptive statistics of mental life across agents and age.

Age (years) Child Dog Nao Pleo Toy Box
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

4 15.21 (3.33) 12.86 (4.35) 8.93 (3.47) 8.57 (4.05) 8.07 (3.60) 7.29 (3.31)
5 16.75 (3.24) 12.53 (4.52) 9.60 (4.31) 10.50 (3.72) 8.00 (3.60) 7.25 (3.40)
6 16.45 (1.79) 13.80 (3.98) 10.35 (3.77) 10.05 (4.85) 7.35 (3.70) 6.45 (3.02)
7 16.85 (2.78) 14.65 (3.01) 7.85 (2.76) 8.05 (3.20) 5.25 (0.55) 5.75 (1.59)
8 17.81 (1.89) 15.62 (2.48) 10.81 (3.40) 8.33 (3.34) 5.90 (2.02) 5.95 (2.56)
9 17.12 (2.47) 16.53 (2.37) 9.35 (3.46) 8.53 (3.32) 5.59 (1.12) 5.71 (1.49)
10 17.88 (2.45) 17.00 (2.61) 9.06 (2.80) 8.56 (2.64) 5.44 (0.98) 5.61 (1.33)
Appendix F

Moral concern: Physical harm
Moral concern: Giveaway
See Table A11.
Table A6
Statistical models of children’s moral concern (physical harm).

Initial model Full model

b SE p b SE p

Fixed effects
Intercept 5.10 0.20 <.001* 5.09 0.20 <.001*

Sex (control) .11 .21 .596 .14 .21 .514
Age (continuous) �.17 .06 .002* �.18 .06 .002*

(continued on next page)



Table A7
Random effect of mental life nested within each agent (initial and full models).

Agent Initial model Full model

b SE p b SE p

Child .08 .06 .190 .05 .06 .444
Dog .06 .05 .150 .04 .05 .445
Nao .12 .05 .013* .11 .05 .016*

Pleo .17 .04 <.001* .16 .04 <.001*

Toy .32 .06 <.001* .24 .06 <.001*

Box .42 .07 <.001* .40 .07 <.001*

* p < .05

Table A8
Age effect for each agent in the full model.

Agent b SE p

Child �.00 .10 .995
Dog �.06 .10 .527
Nao �.10 .09 .300
Pleo �.20 .09 .029*

Toy �.47 .10 <.001*

Box �.22 .10 .022*

* p < .05

Table A9
Statistical models of children’s moral concern (giveaway).

Initial model Full model

b SE p b SE p

Fixed effects
Intercept 1.91 0.16 <.001* 1.90 0.16 <.001*

Sex (control) .02 .18 .921 .03 .18 .868
Age (continuous) �.05 .05 .266 �.05 .05 .263
Agent F = 87.53 <.001* F = 89.18 <.001*

Age � Agent – – – F = 2.54 .027*

Random effects
Intercept .76 .13 <.001* .76 .12 <.001*

Mental life .07 .03 .004* .06 .03 .009*

Likelihood ratio test v2(6) = 2.60, p = .857

Note. F values are indicated wherever it was not possible to obtain a single b value to summarize the effect. This was the case for
all effects involving agent because this independent variable contained six categorical levels.

* p < .05

Table A6 (continued)

Initial model Full model

b SE p b SE p

Agent F = 134.47 <.001* F = 138.02 <.001*

Age � Agent – – – F = 3.74 .002*

Random effects
Intercept .87 .18 <.001* .87 .17 <.001*

Mental life .24 .07 <.001* .21 .07 <.001*

Likelihood ratio test v2(6) = 18.46, p = .005*

Note. F values are indicated wherever it was not possible to obtain a single b value to summarize the effect. This was the case for
all effects involving agent because independent variable contained six categorical levels.

* p < .05
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Table A10
Random effect of mental life nested within each agent (initial and full models).

Agent Initial model Full model

b SE p b SE p

Child .04 .04 .273 .02 .04 .622
Dog .05 .03 .077 .05 .03 .146
Nao �.04 .03 .183 �.04 .03 .177
Pleo .05 .06 .049* .05 .03 .088
Toy .11 .11 .007* .09 .05 .044*

Box .05 .05 .208 .03 .04 .433

* p < .05

Table A11
Age effect for each agent in the full model.

Agent b SE p

Child .09 .07 .187
Dog �.04 .07 .570
Nao �.00 .07 .958
Pleo �.10 .07 .133
Toy �.11 .07 .137
Box �.16 .07 .023*

* p < .05

K. Sommer et al. / Journal of Experimental Child Psychology 187 (2019) 104656 19
Appendix G

See Table A12.
Table A12
Main effect pairwise comparisons for children’s perception of moral worth for each agent for the physical harm moral concern
dependent variable.

Entity b SE t p

Child vs. dog 0.12 0.23 0.52 >.999
Child vs. Nao 1.44 0.23 6.55 <.001*

Child vs. Pleo 1.18 0.22 5.41 <.001*

Child vs. toy 2.61 0.22 11.93 <.001*

Child vs. box 4.72 0.22 21.54 <.001*

Dog vs. Nao 1.32 0.23 6.03 <.001*

Dog vs. Pleo 1.07 0.22 4.88 <.001*

Dog vs. toy 2.50 0.22 11.41 <.001*

Dog vs. box 4.60 0.22 21.02 <.001*

Nao vs. Pleo �0.25 0.22 �1.16 >.999
Nao vs. toy 1.18 0.22 5.37 <.001*

Nao vs. box 3.28 0.22 14.98 <.001*

Pleo vs. toy 1.43 0.22 6.54 <.001*

Pleo vs. box 3.53 0.22 16.17 <.001*

Toy vs. box 2.10 0.22 9.63 <.001*

Note. Positive values indicate that the agent listed first was higher on moral concern than the agent listed second. Negative
values indicate that the agent listed second was higher on moral concern than the agent listed first. p Values are Bonferroni
corrected for 15 familywise tests.

* p < .05



20 K. Sommer et al. / Journal of Experimental Child Psychology 187 (2019) 104656
Appendix H

Assessing the effect of excluding the giveaway item from the overall moral concern measure
We were interested in investigating the reliability among the three moral concern items: ‘‘Was it

okay to hit the box with [agent] inside?”, ‘‘Would it be okay to give [agent] away?”, and ‘‘Is it okay to
hit [agent]?” To formally examine this, a reliability analysis was carried out for the three moral con-
cern items for each agent. Across all agents, except for the child agent, Cronbach’s alpha showed the
combined three items to reach acceptable reliability (refer to Table A13 for a values). Across all agents,
except for the child agent, the two pain items appeared to be worthy of retention, resulting in a
decrease in the alpha if deleted. However, the giveaway item would result in an increase in alpha
in every agent except the child agent. Due to this result, we opted to continue excluding the giveaway
item from analysis.
Appendix I

See Table A14.
Table A13
Inter-item reliability analysis among the three moral concern items.

Agent a Item a if item deleted

Child .128 ‘‘Would it be okay to give [agent] away?” .089
‘‘Was it okay to hit the box with [agent] inside?” .136
‘‘Is it okay to hit [agent]?” .032

Dog .383 ‘‘Would it be okay to give [agent] away?” .791
‘‘Was it okay to hit the box with [agent] inside?” .167
‘‘Is it okay to hit [agent]?” .223

Nao .573 ‘‘Would it be okay to give [agent] away?” .628
‘‘Was it okay to hit the box with [agent] inside?” .424
‘‘Is it okay to hit [agent]?” .398

Pleo .633 ‘‘Would it be okay to give [agent] away?” .778
‘‘Was it okay to hit the box with [agent] inside?” .444
‘‘Is it okay to hit [agent]?” .417

Toy .727 ‘‘Would it be okay to give [agent] away?” .854
‘‘Was it okay to hit the box with [agent] inside?” .479
‘‘Is it okay to hit [agent]?” .537

Box .725 ‘‘Would it be okay to give [agent] away?” .831
‘‘Was it okay to hit the box with [agent] inside?” .577
‘‘Is it okay to hit [agent]?” .403

Note. The low Cronbach’s alpha values for the child agent were not considered problematic because nearly all children answered
all questions about this agent with the highest response. This meant that even small deviations from the ceiling response had a
large effect on Cronbach’s alpha in this case.

Table A14
Main effect pairwise comparisons for children’s perception of moral worth for each agent for the giveaway moral concern
dependent variable.

Entity b SE t p

Child vs. dog 0.76 0.14 5.30 <.001*

Child vs. Nao 1.59 0.14 11.12 <.001*

Child vs. Pleo 1.36 0.14 9.52 <.001*

Child vs. toy 1.81 0.14 12.69 <.001*

Child vs. box 2.81 0.14 19.63 <.001*

Dog vs. Nao 0.83 0.14 5.82 <.001*



Table A14 (continued)

Entity b SE t p

Dog vs. Pleo 0.60 0.14 4.21 <.001*

Dog vs. toy 1.05 0.14 7.38 <.001*

Dog vs. box 2.05 0.14 14.32 <.001*

Nao vs. Pleo �0.23 0.14 �1.62 >.999
Nao vs. toy 0.22 0.14 1.54 >.999
Nao vs. box 1.21 0.14 8.49 <.001*

Pleo vs. toy 0.45 0.14 3.17 .024*

Pleo vs. box 1.45 0.14 10.13 <.001*

Toy vs. box 0.99 0.14 6.96 <.001*

Note. Positive values indicate that the agent listed first was higher on moral concern than the agent listed second. Negative
values indicate that the agent listed second was higher on moral concern than the agent listed first. p Values are Bonferroni
corrected for 15 familywise tests.

* p < .05
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Appendix J. Supplementary material

Supplementary data to this article can be found online at https://doi.org/10.1016/j.jecp.2019.06.
009.
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