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A meta-analysis on the effectiveness 
of anthropomorphism in human-robot interaction
E. Roesler1*, D. Manzey1, L. Onnasch2

The application of anthropomorphic design features is widely assumed to facilitate human-robot interaction (HRI). 
However, a considerable number of study results point in the opposite direction. There is currently no compre-
hensive common ground on the circumstances under which anthropomorphism promotes interaction with robots. 
Our meta-analysis aims to close this gap. A total of 4856 abstracts were scanned. After an extensive evaluation, 
78 studies involving around 6000 participants and 187 effect sizes were included in this meta-analysis. The majority 
of the studies addressed effects on perceptual aspects of robots. In addition, effects on attitudinal, affective, and 
behavioral aspects were also investigated. Overall, a medium positive effect size was found, indicating a beneficial 
effect of anthropomorphic design features on human-related outcomes. However, closer scrutiny of the lowest 
variable level revealed no positive effect for perceived safety, empathy, and task performance. Moreover, the 
analysis suggests that positive effects of anthropomorphism depend heavily on various moderators. For example, 
anthropomorphism was in contrast to other fields of application, constantly facilitating social HRI. The results of 
this analysis provide insights into how design features can be used to improve the quality of HRI. Moreover, they 
reveal areas in which more research is needed before any clear conclusions about the effects of anthropomorphic 
robot design can be drawn.

INTRODUCTION
Robots are making inroads into our working life and everyday world 
(1, 2). Whereas early robot generations were mainly limited to in-
dustrial robots that worked in safety cages, kept apart from human 
workers, current robotic agents are increasingly interactive. In this 
process, interaction is changing from a segregated coexistence to direct 
collaboration with humans in the same space and time. The ability to 
collaborate, in turn, enables the implementation of robots in more di-
verse domains (3). In addition to being deployed in industrial settings, 
robots are also becoming more common in service and social fields 
of application, such as school teaching and elderly care. This general 
shift of robots entering the world of humans is increasingly accom-
panied by the application of human-like features in robot design (4–7). 
The postulated effectiveness of this anthropomorphic design approach 
is mainly based on two assumptions. First, robots are used in an envi-
ronment that is designed and optimized for humans. For this reason, 
the application of human-like design is assumed to support a natural-
istic and functional embodiment (4). Structural and functional sim-
ilarities (e.g., limbs and joints) provide the capabilities, which can 
support a successful movement through an environment and an 
interaction with artifacts built for humans (8, 9). Second, from a 
human-centered point of view, anthropomorphism promotes more 
intuitive interaction for people, because it enables the transfer of 
scripts that are well known from human-human interaction (10, 11).

Anthropomorphism in human-robot interaction (HRI) is thereby 
a reciprocal phenomenon. On the one hand, it describes the general 
tendency of people to attribute human characteristics, including 
human-like mental capacities, to nonliving objects (12, 13). On 
the other hand, anthropomorphism describes a human-like design 
of robots that, in turn, facilitates the attribution of human-like 
characteristics to the robot (3). This design element is used to evoke 

expectations, which, if met, represent a knowledge base for interaction 
and a better anticipation of robots’ actions, even for first encounters 
with this often completely new technology (5, 11, 14). Figure 1 shows 
a number of examples of anthropomorphic robot designs in different 
domains of HRI. The examples also illustrate that most straight-
forward approaches of anthropomorphic robot design address the 
overall appearance of robots (e.g., face-like characteristics or body 
shapes). However, other approaches include more subtle aspects, 
such as anthropomorphic trajectories, language-based communica-
tion, or simply different types of framing (e.g., giving robots human 
names or human-like descriptions).

But is this design approach generally beneficial for HRI? Although 
current research in social application domains broadly supports 
this assumption (4, 5, 12), a different picture emerges in other do-
mains. For example, studies focusing on industrial HRI suggest that 
anthropomorphic design features may not necessarily be beneficial, 
can undermine the perceived reliability of robots (15), and raise 
concerns with regard to their safety (16). These results are unex-
pected, since the transfer of human-human interaction scripts 
should make interaction more familiar and trustworthy, independent 
of the application domain in question. Negative effects are observed 
not only in the industrial domain but also in other domains where 
humans have to perform a certain task in collaboration with a 
robot. In this case, an anthropomorphic robot representation may 
again lead to counterproductive and unintended effects, including a 
decrease in prosocial behavior (17), or overshooting effects, such as 
an inappropriately strong emotional attachment to the robot (18).

Overall, these examples suggest that anthropomorphic design can 
lead to diverse and unintended outcomes. However, our current 
knowledge about the context factors that make anthropomorphic 
robot design beneficial has not yet been systematically identified, 
and a comprehensive integration of the available research is lacking.

With this meta-analysis, we aim to close this research gap by (i) 
estimating the overall effect of anthropomorphism on human-related 
outcomes, (ii) separately estimating effects of anthropomorphism 
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on different facets of human-related outcomes, and (iii) taking into 
account possible moderators. The basic framework for this analysis, 
depicted in Fig. 2, includes and arranges the key variables consid-
ered in our meta-analysis.

The anthropomorphism of the robot represents the relevant input 
variable. For this reason, only studies that investigated the effects of 
at least two different degrees of anthropomorphic robot design were 
considered in this meta-analysis to estimate the effectiveness of in-
creasing the anthropomorphism of robots. The primary aim of the 
analysis was to examine the generally assumed positive effects of 
anthropomorphic robot design. We therefore excluded studies that 
explicitly addressed what is commonly referred to as the uncanny 
valley effect in HRI, which focuses on negative consequences of highly 
anthropomorphic designs in terms of disturbance and eeriness (19).

The relevant dependent variables are summarized as human-
related outcomes in terms of subjective and objective interaction 
experiences (20–23). We identified four main categories of outcomes 
based on an extensive analysis of the current body of research. The 
first category is people’s perception of robots. Most of the relevant 
research in this area was based on the Godspeed questionnaire series 
(24). Besides evaluating anthropomorphism and animacy itself, this 
questionnaire series assesses how likeable, intelligent, and safe a robot 
is perceived to be by the human counterpart. The second category 
covers different attitudes toward robots. Previous research has shown 
that attitudes such as trust, acceptance, and empathy are important 
determinants of people’s actual behavior in HRI and specifically their 
willingness to work together with their robotic counterpart (25, 26). 
Whereas trust (25, 26) and acceptance (27, 28) are assumed to be 
mainly associated with effective and efficient interaction, empathy 
seems to be especially relevant in social HRI settings (21, 29). The 
remaining two outcome categories include affective reactions (30–32), 
i.e., activation and pleasure in terms of pleasure-arousal theory (33, 34), 
and behavioral responses, including task performance (35, 36) and 
social behavior shown in interaction with a robot (17, 21).

To investigate the circumstances under which anthropomorphism 
facilitates HRI, our analysis further considers several moderating 
variables. On the basis of reviews (14, 37) and a recent taxonomy of 
HRI (3), we identified four central moderators that might explain 

possible heterogeneity in individual study results. The first moder-
ator relates to the interaction environment and sets the conditions 
and constraints for the configuration of interaction, i.e., the field of 
application (3). The fields of application considered are categorized as 
the social, service, and industrial domains. The social domain is de-
fined as any domain where robots are used in therapeutic, educational, 
or entertainment settings (3). The service and industrial domain are 
defined based on the International Organization for Standardization 
(ISO 8373:2012)  (38). In these fields of application, robots perform 
useful functional tasks for humans such as transport, physical load re-
duction, and precision. In addition, this moderator variable includes 
a fourth category (“none”), given that some HRI studies focus on the 
pure perception of robots without any contextual information.

The next two moderator variables include different aspects of 
the robot itself. One is the instrumentality of the anthropomorphic 
design feature. Studies suggest that it might make a difference 
whether or not anthropomorphic features are related to the task in 
a meaningful manner [e.g., randomly moving eyes versus predictive 
eyes (39)]. Whereas task-relevant implementation may lead to in-
creased task performance, this is probably less the case with task-
irrelevant implementation of anthropomorphic features. In addition, 
the influence of this moderator might also be different for various 
outcome categories of HRI. In contrast to task-irrelevant imple-
mentations, task-relevant anthropomorphic design might directly 
improve actual performance, but it seems less obvious whether it 
also differently affects people’s perception of or attitude toward 
robots. The third moderator addresses how anthropomorphic fea-
tures are implemented in the robot’s morphology (3), i.e., the appear-
ance, communication, movement, and/or the context in which the 
robot is framed and introduced to users. We assume that different 
implementations of anthropomorphism can be variously effective 
with regard to different outcome categories. For example, whereas 
an anthropomorphic appearance might not affect task performance 
(40), anthropomorphic movements might do so by improving pre-
dictability of the robot’s actions, thereby enhancing coordination 
in task fulfillment (41). In addition to the four implementation 
categories, a fifth is added to cover cases where multiple anthropo-
morphic features are combined.

Industry                                                      Service                                                      Social

Fig. 1. Examples of anthropomorphic implementations. Anthropomorphic design by means of depicting human-like facial features or body features for the industrial (left: 
Sawyer; right: Nextage), service (left: Pillo Health ; right: SnackBot), and social domain (left: BUDDY; right: Pepper) received from the Anthropomorphic Robot (ABOT) Database (56).
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Last, the last moderator in the framework comprises a more 
research-relevant aspect, involving the question of how to expose 
humans to robots in HRI studies, i.e., whether humans interact 
directly with embodied robots (i.e., real machines) or must merely 
imagine interaction based on depictions of robots (i.e., virtual 
two-dimensional agents). Both approaches are used in HRI research, 
but there is no comprehensive ground yet regarding how this might 
affect the results (42–44). To shed light on this issue, robot exposure 
is included in this analysis by categorizing the robots used as either 
depicted or embodied (3).

In summary, although consequences of anthropomorphic features 
in HRI have been investigated widely, we still lack knowledge about 
the generalizability of specific results produced by individual studies. 
On the basis of the proposed framework, this study aims to system-
atically review and quantify the effects of anthropomorphism on 
identified human-related outcomes. Moreover, the analysis takes 
into account the role of moderators to enable a differentiated under-
standing with regard to the circumstances under which anthropo-
morphism can facilitate or hinder HRI. To achieve this goal, we 
applied quantitative meta-analytic methods to the existing literature 
on anthropomorphism in HRI.

RESULTS
Figure 3 illustrates the overall effect of anthropomorphism and the 
effects for the different outcome categories and specific variables.

Overall effect
The analysis revealed a positive overall effect of anthropomorphism 
on human-related outcomes with a medium average effect size 
{d = 0.501, 95% confidence interval (CI) [0.394 to 0.608]}. However, 
the analysis also revealed a high level of heterogeneity [Q(186) = 
1684.25, P < 0.001, I2 = 88.1%], suggesting diverse effects on different 
outcome variables and/or an influence of moderator variables.

Human-related outcomes
Perception
The analysis showed that people’s perception of robots is the 
most frequently investigated construct (k = 99) to evaluate the 

consequences of anthropomorphic design in HRI. Overall, the reported 
effects of anthropomorphism on perception result in a medium 
average effect size (d = 0.570, 95% CI [0.443 to 0.698]), again with a 
high level of heterogeneity [Q(98)= 753.57, P < 0.001, I2 = 84.93%]. 
The separate analyses for the different subdimensions suggest that 
the overall positive effect of anthropomorphism on people’s percep-
tion of the robot is mainly driven by the subcategories of likeability 
(d = 0.606, 95% CI [0.411 to 0.800]) and intelligence (d = 0.647, 95% 
CI [0.467 to 0.827]). In contrast, the data revealed no consistent 
effect for studies addressing the perceived safety of robots (d = 0.168, 
95% CI [−0.131 to 0.466]).
Attitudes
A similar pattern of effect sizes emerged regarding attitudes toward 
robots, although this aspect was based on a considerable smaller set 
of studies (k = 25). The analysis again revealed a positive overall effect 
(d = 0.616, 95% CI [0.296 to 0.936]) with a pronounced heterogeneity 
[Q(24)= 199.80, P < 0.001, I2 = 90.51%]. The subset analyses showed 
that the overall effect was mainly due to two subcomponents, i.e., a 
positive effect of anthropomorphism on trust with a medium effect 
size (d = 0.726, 95% CI [0.216 to 1.235]) and a positive effect on 
acceptance with a large effect size (d = 0.877, 95% CI [0.318 to 
1.436]). In contrast, no consistent positive effect was found for 
empathy toward robots (d = 0.153, 95% CI [−0.107 to 0.413]).
Affect
The effects of anthropomorphism on affect are least investigated, 
having been addressed in only k = 18 studies. The mean effect size 
of these studies is again positive (d = 0.386, 95% CI [0.181 to 0.591]). 
Compared with the effects on perception and attitudes, it is some-
what smaller but also more consistent with less remaining hetero-
geneity [Q(17)=37.58, P < 0.01, I2 = 55.67%]. In this case, the overall 
effect is also representative for both subcomponents, characterized 
as activation (d = 0.441, 95% CI [0.202 to 0.682]) and pleasure 
(d = 0.351, 95% CI [0.023 to 0.678]).
Behavior
The effects of anthropomorphism on human behavior in HRI were 
addressed in k = 45 studies. Overall, anthropomorphism has a small 
positive effect on this outcome category (d = 0.318, 95% CI [0.046 to 
0.590]). This positive effect can be mainly traced back to beneficial 
effects on social behavior (d = 0.378, 95% CI [0.140 to 0.616]). In 
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Fig. 2. Basic framework of the meta-analysis. 
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contrast, no consistent improvements emerged for task performance 
(d = 0.259, 95% CI [−0.222 to 0.740]). In line with the results for 
perception and attitudes, the analysis of this outcome category also 
revealed a large degree of systematic heterogeneity between studies 
[Q(44) = 616.10, P < 0.001, I2 = 91.68%], again suggesting the effects 
of moderator variables.

Moderators
The results presented show that the meta-analytic models used to 
analyze the effects of the different studies almost always indicated a 
relatively high level of heterogeneity in the data. This suggests that 
moderators most likely contributed to the differences between studies. 
Figure 4 shows the results of the moderator analyses addressing the 
set of a priori identified outcome categories. Each single graph in 
the figure illustrates the differences between mean effect sizes de-
pendent on the categories of a given moderator (columns) and the 
different outcome categories (rows).
Field of application
On an overall level, the field of application explained only 0.9% of 
heterogeneity (QM = 3.83, P = 0.28). Closer scrutiny reveals that a 
consistent positive effect size across all different outcome categories 
was only found for the social domain, whereas no comparable con-
sistent effects of anthropomorphism emerged for studies of HRI in 
the service domain. A somewhat mixed pattern of results emerged 

for the industrial domain. In this case, anthropomorphism yielded 
small to medium effects for perceptual and affectional outcomes. 
Last, studies with no clearly defined field of application found con-
sistent beneficial effects of anthropomorphism for people’s percep-
tion of the robot only, whereas no comparable consistent results 
were found for the other sets of outcome categories.
Task relevance
For the overall effect, task relevance did not account for any hetero-
geneity (QM = 0.28, P = 0.597). Independent of whether or not 
anthropomorphic design features were implemented in a task-relevant 
manner, they led to positive effect sizes for all outcomes apart from 
behavioral ones. For this latter category, the task relevance of 
anthropomorphic features seems to be a necessary condition for 
achieving positive effects.
Morphology
The overall positive effect of anthropomorphism was moderated by 
how anthropomorphism was implemented, i.e., the dimension used 
to increase the anthropomorphism of a robot (QM = 11.44, P < 0.05). 
Specifically, multiple implementations (d = 0.703, 95% CI [0.38 to 
1.025], P < 0.01), implementations via movement characteristics 
(d = 0.645, 95% CI [0.41 to 0.879], P < 0.01), and implementation of 
human-like communication (d = 0.583, 95% CI [0.396 to 0.769], 
P < 0.05) significantly increased the positive effect compared with 
using context framings only (d = 0.054, 95% CI [−0.306 to 0.414]). 
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Fig. 3. Forest plot of the overall effect size and all sublevels. Depiction of standardized mean differences (Cohen’s d) shown by the positions of the squares, the 95% 
CIs by the whiskers, and the numbers of included studies by the size of the squares.
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Regarding appearance, at least a nonsignificant trend for increased 
effectiveness compared with the context was found. On the sublevel 
of outcome categories, communication and multiple implementa-
tions of anthropomorphic features most consistently led to positive 
effects for three of the four outcome categories. Anthropomorphic 
appearance and movement only resulted in a positive effect size for 

perception, and the anthropomorphic context did not lead to any 
positive effect on any of the outcome categories.
Robot exposure
The physical presence of the robot did not account for any hetero-
geneity (QM = 0.099, P = 0.753) of the overall effect. Medium effect 
sizes with similar values were present for both studies using depicted 
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robots and studies using embodied robots. On the sublevel of the 
outcome categories, an ambiguous picture emerged. Whereas studies 
using embodied robots report consistent beneficial effects across all 
outcomes, studies using only depicted robots for their research merely 
found a positive effect with respect to perception and attitudes.

Publication bias
The visual inspection of the data via a funnel plot showed a left-sided 
asymmetry, which indicates that more effect sizes were included in 
our analysis that underestimate the true effect compared with effect 
sizes that overestimate it. This asymmetry was supported by a sig-
nificant Egger’s regression test for funnel plot asymmetry (z = 4.47, 
P < 0.001). More precisely, the trim-and-fill method revealed that the 
estimated number of missing studies was 26 on the right side and 
none on the left. In comparison with the uncorrected overall effect 
of anthropomorphism (d = 0.501, 95% CI [0.394 to 0.608]), the 
trimmed-and-filled dataset resulted in a slightly higher overall effect 
size (d = 0.655, 95% CI [0.542 to 0.7679]).

DISCUSSION
The objective of this meta-analysis was to investigate the effects of 
anthropomorphic design features on human-related outcomes and 
to take into account relevant moderators. The results reveal that 
adding anthropomorphic features to HRI leads to a considerable 
overall positive effect, which is in line with previous research (20–23). 
Moreover, the results show that this holds true for all different out-
come categories considered in this analysis, with moderate effects of 
anthropomorphism for perception and attitudes and relatively smaller 
effects for affect and behavior. The analysis further revealed that 
most studies thus far have focused on the effect of anthropomorphism 
on perceptual aspects, such as the perceived intelligence or likeability 
of robots (24). Thus, the perceptual category represents the most 
important source for the overall positive effect. This overrepresen-
tation of perception compared with other categories in HRI research 
does not seem to be justified by its greater relevance. Instead, it 
seems to be primarily related to the ease of accessibility of this sort 
of outcome variable. For instance, one of the most commonly used 
tools in HRI research is the Godspeed questionnaire series (24) [and 
the according revised version (45)]. This is a very cost- and time-
effective measure that addresses aspects of how people perceive 
robots (24, 46). In contrast, effects of anthropomorphism on affect 
or even behavioral outcomes require more complex assessment 
approaches. However, attitudes are also less commonly investigated. 
This is unexpected for two reasons. First, the ease of accessibility of 
attitudes as a subjective measure is comparable to that of perceptual 
evaluations (27). Second, the positive effects of anthropomorphism 
on trust and acceptance are some of the most commonly mentioned 
ones in the literature (12, 26). There is a gap between the theoreti-
cally postulated importance of attitudes for a successful HRI and 
gaps in the research on this specific topic that need to be closed by 
future studies. In addition, our results call for more research on be-
havioral outcomes. Regardless of the domain in which humans and 
robots collaborate, the primary goal of anthropomorphic design 
features will always be to improve behavior (e.g., physical stimula-
tion in therapeutic settings or smooth joint manipulation of work 
pieces in industry). Of course, it is important to investigate subjective 
perceptions of robots and attitudes toward them in HRI research 
(25, 26), given that both presumably determine people’s behavior 

and willingness to work together with a robot. However, actual be-
havior will always be the key concern and should not be neglected 
in research.

More detailed analysis on the specific variable level (per outcome 
category) further suggests that anthropomorphic design features 
have no influence on empathy toward robots, the perceived safety of 
robots, or performance in joint tasks with robots. The non-existent 
positive effect of empathy might again be related to the underrepre-
sentation of research on this rather specific aspect (k = 7). In con-
trast, the missing effects on perceived safety and task performance 
can certainly be considered a reliable finding, because the analysis 
was based on a relatively higher number of studies, specifically in 
nonsocial HRI settings. The lack of evidence for improved task 
performance challenges the assumption that equipping robots with 
anthropomorphic features might activate human-human interaction 
schemes in HRI, which, then, intuitively supports task-related 
behavior (11). Combined with the overall null effect on perceived 
safety, it suggests that anthropomorphic design features might 
primarily be used to improve social aspects in HRI (5, 12) but not 
task-related aspects.

The additional consideration of possible moderators generated 
further insights into the specific circumstances that might determine 
the effectiveness of anthropomorphism. The first moderator was 
the field of application. In line with an already sound body of re-
search (4, 5, 12), the results show that the social domain consistently 
benefits from the application of anthropomorphism. This positive 
effect is not directly transferable to other domains. Specifically, the 
service domain does not seem to benefit at all from anthropomorphic 
robot design. A possible explanation could be that anthropomorphic 
features lead to an emotional attachment (18), which might under-
mine a person’s willingness to use the robot as tool. Whereas 
anecdotal evidence (47) for this assumption exists (e.g., delivery 
robots are used less if they are anthropomorphized more), further 
research is needed to consolidate this hypothesis.

The second moderator addressed whether or not it makes a dif-
ference if anthropomorphic design features directly relate to the task 
at hand. Our data confirm the expectation (39) that the task relevance 
of implemented anthropomorphic design features is only a crucial 
factor for facilitating HRI with respect to behavioral outcomes. This 
finding seems to be particularly important for actual work-related 
collaborative interactions. It suggests that it is worthwhile to imple-
ment anthropomorphic features in a task-relevant manner (e.g., 
social cues and predictive movements) whenever humans and robots 
collaborate on certain tasks.

The third moderator considered in our analysis included effects 
of how specifically anthropomorphic features were implemented, 
i.e., based on appearance, the communication channel, movements, 
or just the type of framing. The data demonstrate that different im-
plementations of anthropomorphism can lead to a variety of effects. 
Not unexpectedly, approaches based on multiple and communica-
tional anthropomorphic features turned out to be most effective with 
regard to the different outcome categories. In contrast, the mere use 
of different sorts of framing to induce an anthropomorphic context, 
e.g., giving a robot a name and a personalized story (17, 21), does 
not seem to be effective, having no reliable overall effect on any of 
the outcome categories. There may be two reasons for this missing 
positive effect of context anthropomorphism: the limited salience in 
comparison with more visually detectable anthropomorphic features 
and the possible masking of the robot’s functional value by covering 
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its task-related features as a tool (17). Other morphological features 
were effective for some but not all human-related outcomes. On the 
one hand, the positive effect of appearance on perception is not un-
expected, as an anthropomorphic appearance is described as the 
most salient characteristic (12, 20). On the other hand, it might be 
possible that anthropomorphic appearance had no effect on atti-
tudes, affect, and behavior because of the nonfunctional character 
of appearance (3). In addition, appearance can establish certain ex-
pectations regarding the robot’s functionalities that might get vio-
lated in following interactions.

Last, the last moderator variable addressed methodological issues 
of HRI studies and investigated whether the efficiency of anthropo-
morphism depends on how the robots are presented to participants, 
i.e., in a physically embodied manner that allows for lively observa-
tion or even direct interaction, or merely by two-dimensional rep-
resentations. Here, our results reveal a gap between subjective and 
objective outcomes. Regardless of how participants are exposed to a 
robot, positive effects of anthropomorphism emerged for percep-
tion and attitudes, both of which are usually assessed via subjective 
questionnaires. However, positive effects on affect and behavior, 
which concern actual physiological and behavioral reactions (20–23), 
are usually only found in studies that involve presenting “real” 
robots to the participants. Earlier research indicated both similarities 
(43) and differences (42, 44) between physically embodied robots 
and virtual two-dimensional representations. The gap between sub-
jective and objective reactions indicates a possible systematic expla-
nation for these mixed results and could be instructive for future 
research. If perceptions or attitudes toward (anthropomorphic) 
robots are of the main interest, it seems sufficient and ecologically 
valid to conduct studies using virtual agents or images of robots. 
However, if affective or behavioral outcomes are central to an investi-
gation, then researchers should seek to use studies involving physically 
present robots that enable real interaction so as to gain valid insights.

Overall, the analysis suggests that it is counterproductive to draw 
general conclusions on the influence of anthropomorphism on HRI 
when these are based solely on perceptual evaluations. Apart from a 
handful of exceptions (i.e., in the service domain, implemented via 
the context), anthropomorphism is always beneficial to people’s 
perception of robots. However, this effect does not seem to be trans-
ferable to other, more reciprocal interactional outcomes, such as the 
behavioral outcomes considered in our meta-analysis. Moreover, 
the analysis illustrates another even more important issue regarding 
the transferability of effects of anthropomorphism. On the basis 
of the shift of the robot’s role from a tool to a team partner (3), it has 
often been assumed that the results gained in social HRI can be 
transferred to other fields of application. However, the results sug-
gest that the stable positive effect of anthropomorphism in social 
HRI may not be directly transferable to other domains. For example, 
essentially no positive effects of anthropomorphism were found in 
the service domain, and only partial effects were determined in the 
industrial domain. This shows the inadequacy of transferring insights 
from social HRI to more task-related settings. Furthermore, the 
overall effectiveness of anthropomorphism on social behavior, but 
not on task performance, challenges the usefulness of anthropomor-
phic features in those domains. In summary, although the analysis 
showed no evidence for a negative effect of anthropomorphic design, 
anthropomorphism also does not generally improve the quality of 
HRI. Whereas social HRI consistently benefits from anthropomorphic 
robot design, a mixed picture emerges for other application domains. 

In addition, the way anthropomorphism is implemented seems to 
determine its success. Most of all, our results suggest that interaction 
quality between humans and robots can particularly be promoted by 
implementing anthropomorphic communication features, by multi-
ple implementations of anthropomorphism, and by implementing 
task-relevant anthropomorphism.

Meta-analyses must always be interpreted with caution, because 
they equally include measures of various study designs involving 
different numbers of participants. However, given the systematic 
procedure and the comparably high number of effect sizes included, 
we assume that the global conclusions presented above are indeed 
reliable findings. Moreover, the analysis of publication bias suggests 
that if a bias is present at all, then it has biased our analysis conser-
vatively. That is, if a bias is presented, then it has led to an under-
estimation of the effectiveness of anthropomorphic robot design. 
Nonetheless, one major limitation of the study is that we did not 
consider different degrees of anthropomorphism. Most of the em-
pirical effects included in the analysis contrasted only two different 
degrees of anthropomorphism, which could hardly be located on an 
overall dimension. The main reason for this limitation is that the 
exact degree of anthropomorphism of robots cannot be measured 
objectively. Thus, although it was possible to detect some major 
moderating factors of effects of anthropomorphism, we are unable 
to make any conclusions about the degree of anthropomorphism 
required to induce certain effects (24, 46). This will be a matter of 
future research, and we hope that our meta-analysis will be a good 
starting point for such research. The fact that we have the entire 
data and material of this meta-analysis available online will enable 
other researchers to add more data and to expand this database over 
time. By taking this approach, our meta-analysis not only serves as 
a state-of-the-art research synopsis but also aims to iteratively create 
a sound basis for investigating the consequences of anthropomor-
phism in future science and practice.

MATERIALS AND METHODS
Before starting the systematic literature search, the meta-analysis 
was preregistered and described in detail in the standardized proce-
dure of preferred reporting items for systematic review and meta-
analysis protocols (48) via the Open Science Framework (49). The 
entire methodical procedure and all data generated during the pro-
cess, from the literature search to the actual analysis of the data, are 
available online to enable other researchers to replicate and further 
extend the analysis in the future (49).

On the basis of the objective of the study, the terms used for the 
literature search included combinations of <human-robot interac-
tion or social robot> and <anthropomorphism or anthropomorphic 
or humanlike> and <experiment or subject or participant or user 
study)>. The literature search was conducted between April and 
June 2020. The comprehensive procedure, encompassing also the 
list of inclusion criteria, is illustrated in Fig. 5.

The first step involved scanning entries of the most common 
electronic databases of scientific literature, as well as the first 500 
Google Scholar hits. The 4856 resulting abstracts were analyzed, 
and all studies that did not violate the inclusion criteria were selected, 
resulting in a total of 325 articles, without duplicates and nonaccessible 
full texts, available for further inspection. Two independent reviewers 
then reviewed these articles in depth with regard to the fulfillment 
of the inclusion criteria. This inspection yielded a total of 78 articles 
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with 89 independent samples, including data of 5973 participants. 
Most of the participants identified themselves as female (60%) and 
were university students (64%) with an overall mean age of 31.7 years.

All relevant data from these studies were summarized in a tem-
plate to compute an effect size for each dependent variable examined. 
On the basis of this summary data, standardized mean differences 
between experimental groups exposed to robots varying in anthropo-
morphism were calculated. Most studies reported a comparison of 
means. However, the datasets were often incomplete, e.g., with no 
mention of means or SDs. Cohen’s d was therefore chosen as a 
standard measure to describe the effect sizes. Note that Cohen’s d 
represents an entire family of effect sizes, which makes it widely 
applicable for different study designs (e.g., Cohen’s dav for within 
study designs). In addition, it can be calculated from a wide range of 
statistical values received from different inferential statistical methods 
[e.g., analyses of variance (ANOVAs) or t tests] (50). By using this 
measure as a standardized measure of effect sizes, we were able to 
compute a total of 294 effect sizes from the available database. Dif-
ferent effect sizes derived from the same samples and similar 
outcome variables within a single study were averaged via the 

arithmetic mean. This was done so as not 
to overestimate those studies in com-
parison with others.

Overall, this resulted in a total of 187 
effect sizes. The final set of effect sizes 
was then analyzed deductively by start-
ing with the estimation of the overall 
mean effect of anthropomorphism on 
human-related outcomes via a random 
effects model. The calculated mean effect 
size indicates the magnitude of the 
overall effect in terms of a standardized 
mean difference. If the 95% CI does not 
include “zero,” then it can further be 
concluded that this mean difference in-
deed represents a statistically significant 
effect that can be expected to be repli-
cated in further studies. To illustrate the 
effect size relative to its CI, a forest plot 
was created. The square reflects the 
effect size; the size of the square shows 
the effect size weight with respect to the 
number of effect sizes included, and CIs 
are shown by the length of the whiskers 
(see Fig. 3 for illustration). In addition, 
the use of the random effects model in 
this analysis also enabled us to assess 
the degree of heterogeneity of effect sizes. 
In contrast to random sampling errors 
as a cause of between-study differences, 
the heterogeneity estimates the true 
variation due to systematic differences 
in study design, sample, and measure-
ments used (51, 52). To estimate the level 
of heterogeneity, we used Q tests, which 
indicate whether or not a significant 
level of heterogeneity is present, and I2, 
which represents the proportion of vari-
ance in the model that can be explained 

by unaccounted factors (51).
The second and third steps involved conducting a subset meta-

analysis for each of the different superordinate outcome categories 
(i.e., perception, attitude, affect, and behavior) and the respective 
subdimensions. Again, the analysis, based on random effect models, 
allowed for assessing the mean effect sizes for different human-
related outcomes and respective 95% CIs, which were again illus-
trated via forest plots. In addition, we estimated the heterogeneity 
between the effects in different studies caused by hitherto unknown 
moderators.

Last, a variety of moderator analyses were conducted on the basis 
of the set of possible moderators that had been identified a priori, 
i.e., the field of application, task relevance, morphology, and robot 
exposure. For the overall model, mixed-effect models were used for 
this purpose to include the moderators for diverting the directions 
or strength of the relationship between a predictor and an outcome 
(51, 53). Moreover, we estimated the presence of heterogeneity via 
QM and the amount of heterogeneity via I2 (in percent) accounted 
for by the different moderators. For the superordinate outcome cat-
egories, we abstained from using mixed-effect models and limited 

Electronic databases (n0 = 4356)
– IEEE Explore (n0 = 194, n1 = 60)
– SAGE Journals (n0 = 589, n1 = 37)
– PsychArticles (n0 = 0)
– PsychINFO (n0 = 31, n1 = 20)
– SpringerLink (n0 = 985, n1 = 115)
– ScienceDirect (n0 = 1027, n1 = 26)
– ACM Digital (n0 = 1530, n1 = 62)

Sources (n0 = first 500)
– Google Scholar (n1 = 118)

n0 = screened articles
n1 = selected articles
n2 = excluded articles

selcitra txet- lluF (n1 = 325) 
( setacilpud gnivomer retfa  n2 = 93) & unobtainable full texts (n2 = 20)

Participants
#1 Human subjects (n2 = 4)
#2 Age ≥ 16 (n2 = 25)
#3 Physically and psychologically healthy (n2 = 3)
Study design
#4 Incorporation of human participants who either viewed
 or participated directly in interactions with robots through
 physical, virtual, or augmented means (n2 = 1)
#5 Comparison of different degrees of anthropomorphism (n2 = 101)
#6 Sufficient information to compute effect sizes (n2 = 80)
#7 No focus on the Uncanny Valley and no human replicates (n2 = 33)

selcitra txet- lluF (n1 = 78) 
with 89 independent samples & 187 effect sizes

(294 effect sizes before averaging in the same study per dependent variable)
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Fig. 5. Search flow diagram. Depiction of the entire process of data collection, including the sources searched, the 
inclusion criteria, and the selected articles.
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our analysis to merely calculating the mean effect sizes and 95% CIs 
to identify whether an effect was present at all. This somewhat con-
straint procedure was chosen, because substantial heterogeneity in 
the dataset can considerably reduce the statistical power of tests in 
mixed-effects models, which, in turn, would have increased the risk 
of failing to detect effects even if they were actually present (54).

In an additional analysis, the current dataset was used to examine 
the degree of publication bias in the field of HRI. This was done be-
cause it has been suggested that unpublished results might system-
atically differ from published ones, especially because nonsignificant 
results may be submitted and published less frequently (55). Two 
different tools were used to detect such possible asymmetry between 
effects reported by published versus unpublished data, including a 
funnel plot to visually explore such bias and an Egger’s regression 
test as an inferential statistical indicator. In the event of asymmetry, 
the two-sided trim-and-fill method was used to correct the dataset 
for publication bias. This method is used to remove (trim) studies 
leading to asymmetry and replace the omitted studies (fill). It models 
the data as if effect sizes and SEs were symmetrically distributed as 
they should be had all samples been unbiased estimators of the same 
mean value. As a result, the method generates an estimate of the 
number of missing studies and an adjusted effect size of a meta-
analysis including the filled studies.
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