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Abstract— The promise of social robot applications for
children’s education has attracted growing enthusiasm over
the past decade, with the potential to augment and support
diverse learning outcomes. However, the adoption of education
robots and their expected benefits for children are yet to be
realised, due to complexity, cost, and variability between robots.
Soft robots offer a possible solution. However, a concern is
that these robots may be seen as less competent, decreasing
their adoption and utility in learning environments. In this
preregistered, mixed-methods study, we investigated teachers’
(n = 120) perception of 12 hard and soft social robots along
different dimensions, learning tasks, roles, and contexts. Teach-
ers perceived hard robots as more competent, human-like,
and familiar than soft robots. Soft robots were perceived as
more physically/visually warm. Hard robots were also more
likely to be perceived as suitable for “technical tasks” and
adopting a teacher/tutor role for supporting the learning of
adults or groups. Soft robots were more likely to be evaluated
as suitable for use with younger learners in individual learning
contexts and playing the role of a co-learner/novice, This study
provides a detailed account of how soft and hard robot features
influence teachers’ perceptions of robot suitability for education
applications. The findings directly inform how to optimise the
design and situation of social robots to maximize adoption,
effectiveness, and accessibility across diverse learners and learn-
ing contexts. By highlighting the nuanced trade-offs between
competence and warmth, this research challenges theoretical
assumptions that complex hard robots are universally superior
in educational settings.

I. INTRODUCTION AND RELATED WORK

Research on social robots in children’s education has
received sustained and increasing interest over the last two
decades, with a variety of different robots and roles for these
robots studied [1]-[3]. Despite growing resecarch on the po-
tential benefits of robots for learning, the first 15 years of this
field has been characterized by opportunistic research, which
has deployed very different robots to very different learning
contexts to address very different research questions [1].
While this research has continued to highlight the promise of
robots, it has not yet systematically examined which specific
robot features (i.e., dimensions such as human-likeness, size,
socialness, intelligence, functionality, interaction modalities,
and shape; [2]) are likely to make robots acceptable and use-
ful as education aids. This knowledge is critical for informing
a human-centered approach to the design and implementation
of effective social robots for children’s education [4].

One particularly underexplored, yet potentially important,
aspect of robot variability is their ‘softness’ (see Fig. 1 for
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Fig. 1. Examples of hard and soft social robots.

hard and soft robot examples). Soft robots are an entire
category of robots on their own and are typically built
from soft materials, such as silicon, rubber, fur or fabric,
and sometimes resemble biological structures without rigid
joints [5]. As soft robots can be made from a wide range
of, often recycled, materials with openly available building
plans and assets (e.g., [6]), they are generally far less
costly, more sustainable, and accessible than their hard robot
counterparts. Additionally, these types of robots are usually
less technically complex. On the one hand, this might limit
their usability for certain educational tasks, but on the other
hand, this may increase accessibility for teachers, who are
often responsible for deploying all education resources in the
classroom [7].

While soft robots could potentially make social robots
more accessible, a recent study found that a robot’s soft
exterior (in this case fur) was associated with perceptions
of decreased competence compared to harder exteriors, such
as plastic or metal [8]. On the other hand, the degrees
of freedom a robot displayed (i.e., the number of possible
positions or motions a robot could execute) increased ratings
of warmth (measured through ratings of how tolerant, warm,
good natured, and sincere the robot is perceived as; [8]) and
competence (measured through ratings of how competent,
confident, independent, competitive, and intelligent the robot
is perceived as; [8]), when evaluating these robots based on
static pictures.

Perceived competence is an important factor to support
children’s learning [4], and previous work has shown that
perceptions of robot competence and warmth influence robot
acceptance [9], and thus possibly its effectiveness in an edu-
cation context. How an embodied technology, such as a social
robot, engages a learner on a cognitive level, and thereby
possibly influences learning outcomes, largely depends on
the assigned role of the robot (e.g., peer vs. teacher; [1]),
the context in which the robot should be deployed [10], and
the robot’s perceived skills and appearance (e.g., physical
human-likeness, intelligence, friendliness, competence; [11]).

It is crucial that the functional capabilities of robots be
considered when evaluating their appropriateness for certain



applications. However, the appearance of robots is also
critical, as it can affect early evaluations of a robot’s unseen
functional capabilities, role, and social characteristics [11],
[12]. Such first impressions are often key in shaping use
adoption [13] and robot acceptance [14]. One important
distinction in the appearance of many commercially available
robots is their softness. As such, it might affect people’s
first impression of a robot and consequently shape their
expectations regarding its capabilitiecs and application. As
people’s expectations are crucial for a successful application
of technology [13], comprehensively examining robot feature
profiles, social roles, context, and target users when evaluat-
ing their appropriateness as an education aid is important.

A. The present study

In this study, we sought to address how soft and hard robot
features influence teachers’ perceptions of robot suitability
for different education applications. We collected survey
data to comprehensively canvas teachers” perceptions of
various soft and hard social robots and their suitability for
different educational contexts, roles, and tasks. Teachers are
critical stakeholders to involve in the design and deployment
of education robots and should be considered in research
on HRI in education contexts since they ultimately decide
whether and how this technology is adopted in the classroom
[7].

Prior work on the perception of robots based on their
physical features has largely relied on depicting robots in
static pictures [8], [11], [12]. While these studies show
that two dimensional depictions of a robot’s visual features
reliably influence people’s perceptions, it is also worth noting
that important information regarding a robot’s functionality
(e.g., how it moves, interacts, or conveys emotion) is lost. In
[4], almost half of participants changed their preference for
a certain robot after seeing the robot in motion. Specifically,
children in this study ranked the mechanoid Cozmo robot
higher once they viewed a video of the robot expressing
highly social emotive expressions; a feature inadequately
conveyed by static images of the robot. While real-life inter-
actions are preferable over video depictions of robots, video
depictions can still provide participants with an accurate rep-
resentation of different robots and allow for broader testing of
different robots with larger numbers of participants. This can
provide an important first step in informing future research
with physically present/embodied robots. We therefore used
video depictions of all robots instead of static images alone.

We sought to follow a dimensional approach, as proposed
by [2], whereby teachers rated robots across a range of
features, to evaluate their differentiation as a function of
robot softness, and identify their influence on teachers’
perceptions and expectations of the utility of different social
robots in education. We specified the following preregistered
hypotheses.

1) RQI: How do teachers perceive soft and hard robots?:
Based on [8] and [15], we expected soft robots to be rated as
less competent (H1.1), but more physically (H1.2) and so-
cially warm (H1.3) than hard robots. Second, as [16] reported

higher perceived discomfort with a robot made of fur than
wood (measured through ratings of awkward, scary, strange,
awful, dangerous, and aggressive), we expected soft robots
to be perceived as more uncomfortable to be around (H1.4)
and creepy (H1.5). Following [15], we expected soft robots
to be perceived as safer (H1.6), friendlier (H1.7), and more
social than hard robots (H1.8). We did not specify directional
hypotheses for human-likeness in form and motion, social
competence, intelligence', and social intelligence.

2) RQ2: Are soft robots suitable for different educational
tasks, populations, contexts, and roles than hard robots?:
We expected soft robots to be perceived as more suitable
for tasks that require emotional and social skills, rather than
competence, as soft robots have been perceived to be lower
in competence, but higher in warmth [8], [15]. Hence, we
expected soft robots to be more suitable for helping someone
feel better about tasks they find difficult (H2.1) and listening
to them read (H2.2), but less suitable for helping them learn
mathematics (H2.3). Co-creating an artwork with a child
could fall into the category of competence or emotional and
social skills, as the robot could also serve as a source of
inspiration to the child.

We expected soft robots to be perceived as more suitable
for children than hard robots, as their soft exteriors might
resemble plush toys, which adults might associate with child-
friendliness (H2.4). Additionally, a soft exterior might make
robots seem safer, which could be a second driver behind
perceiving them as more suitable for children. We expected
hard robots to be perceived as more suitable for adults than
soft robots (H2.5). We did not specify directional hypotheses
regarding the suitability for individuals or groups, nor for role
expectations.

3) RQ3: Do teachers favour soft or hard robots for the
use in their classroom and their students’ use?: Lastly, we
explored the usability of the robot types by asking teachers
about their own preferences and perceptions of their students’
preferences for particular robots in the classroom.

II. MATERIALS AND METHODS
A. Participants

Data from 120 teachers were collected (83 female, 37
male, mgge = 42.8, SDgge = 11.09) from Prolific [37] (n =
87) and the broader community (n = 33). Teachers were from
Europe (n = 113) and North America (n = 7, Supplement B
in [17]). One-hundred-and-two teachers taught at a public
school, 11 at a private school, four at a religious school
and three at other institutions (e.g., extracurricular educa-
tion providers). Teachers taught a range of subjects (e.g.,
Languages, Mathematics, Social and Natural sciences) and
taught pupils between 3 and 18+ years of age (3-5-years: n
= 22; 6-8-years: n = 33; 9-11-years: n = 58; 12-14-years: n =
54; 15-18-years: n = 61; above 18-years: n = 3). Sample size
justifications can be found in our preregistration [17]. The
study was approved by the local ethics committee (2024-N-
12).

'We neglected to preregister a hypothesis for intelligence. We therefore
include analyses of this factor as exploratory.



B. Design and procedure

We used a within-participants, repeated measures, mixed-
methods design. Data were collected via an online Qualtrics
survey [36]. Teachers were informed about the goal of
the study, but were otherwise naive about our research
questions. Each teacher rated 12 videos featuring six hard
and six soft robots. Each video was rated across 16 di-
mensions (bad/good, comfortable to be around, competence,
creepy/cute, familiarity to similar objects, familiarity to the
robot, friendliness, human-likeness in form and motion, in-
telligence, physical warmth, safety, social competence, social
intelligence, socialness, and social warmth). Additionally,
teachers were asked to rank the robots in comparison to each
other on all dimensions. The order of video and dimension
presentation were counterbalanced across participants to mit-
igate order effects. Additionally, teachers were asked to rate
the suitability of each robot for four different tasks (order
of task was counterbalanced), two age groups, two contexts,
and four educational roles. For each question, teachers were
asked to elaborate on their choice in an open-ended question.
Lastly, teachers were asked to choose three robots to use
in their own classroom and three robots that their students
would be most excited to use. The survey took an average
of 45 minutes to complete.

C. Materials

We selected 12 robots for this study, six of them with
a hard exterior (e.g., plastic) and six with a soft exterior
(e.g., fur, fabric). In engineering sciences robots are defined
as ‘soft’ if they comprise soft materials in both their general
construction, and for their actuators (e.g., hoists, pneumatic).
However, we classified robots as soft or hard based on the
materials used to construct the robots’ external shells. This
decision was taken due to a lack of “classical” soft robots
in the social robotics domain. We selected some of the most
prominently used robots in past education research, including
the NAO [18], Pepper [18], Baxter [19], Moxie [20], Miro
[21], Cozmo [22], Tega [23], and Paro [24] robots, and
also added some lesser known soft robots, including Keepon
[25], Blossom [6], Tofu [26], and Huggable [27] (Fig. 1).
The selected hard robots generally possessed more human-
like forms and advanced physical capabilities (e.g., arms)
compared to the soft robots. While this morphological vari-
ation may influence perceptions of competence and human-
likeness, our selection aimed to include prominently used
social robots in educational research [1], [7], [28], reflecting
the current diversity in robot embodiments.

Video stimuli depicting each robot were extracted from
YouTube [29], muted to avoid confounding effects from
speech, and edited to 4-5 seconds and in a way to ensure
minimal background context. Videcos were intentionally cu-
rated to depict the robot in motion to showcase its functional
capabilities and to provide ecologically valid depictions of
these robots already available in the public domain (see [17]
for videos). We deliberately chose to showcase the robots
in a neutral context as opposed to a teaching context, as

this would have influenced participants imagination of what
educational tasks each robot might be suitable for.

D. Measures

1) Control variables: We assessed teachers’ general atti-
tudes towards robots, using the validated, 20-items General
Attitudes Towards Robots Scale (GAToRS; [30]), which
measures people’s personal and societal level positive and
negative attitudes towards robots on a 7-point Likert scale (1
= strongly disagree, 7 = strongly agree; see [17] for items).
Additionally, we assessed teachers” prior contact with robots,
using an adapted version of the items used by [31] (see [17]
for items). Lastly, we recorded the number of times each
video was watched and implemented two attention checks
throughout the survey.

2) RQI: Robort perception: We assessed teachers’ per-
ceptions of the robots on 16 dimensions. We derived the
dimensions from previous work which identified important
robot features based on survey data [8], [12], [15], [32]-[34]
and theoretical considerations [2], [33]. Each dimension was
measured on a slider from 0 to 100, with the end points
being polar opposite attributes (e.g., bad/good) or low/high.
We asked teachers how familiar they were with the robots
[32], how familiar they were to objects that are similar
to the robots (adapted from [2]), and how comfortable or
uncomfortable they would feel around the robots [15]. Pre-
vious research examined perceptions of general competence,
using items that describe robots as competent, confident,
independent, competitive, and intelligent [33]. However, this
conflates perceptions of competence in separate domains. For
instance, a robot (or person) can be perceived as competent
in completing complex tasks, but not in empathizing with
others. Therefore, we separately examined general compe-
tence, social competence, intelligence, and social intelli-
gence. Likewise, instead of assessing a general construct
of warmth which in previous work was assessed through
describing a robot as tolerant, warm, and good natured
[8], we separately assessed physical warmth, social warmth,
and a robot’s perceived goodness/badness. Additionally, we
measured friendliness and cuteness/creepiness (adapted from
[10]), the human-likeness of form and motion, and socialness
(adapted from [2]). Lastly, we asked teachers how safe they
perceived each robot as being, since safety is rarely addressed
in educational HRI studies, but an important construct when
introducing robots to a vulnerable population such as chil-
dren [7].

3) RQ2: Suitability: We asked teachers to rate the suit-
ability of each robot for four different tasks on a slider
from 0 to 100. These tasks included helping a child: (i)
learn mathematics; (ii) create an artwork; (iii) feel better
about tasks they find difficult; and (iv) listening to a child
read. Those tasks were selected as they are common in
HRI research (e.g., reading, [4]; mathematics, [35]) or reflect
potential tasks a robot could be used for in education contexts
(i.e., making a child feel better; helping to create art).
Teachers also had the opportunity to indicate any other task
the robots could be suitable for.



Next, across three tasks, teachers were asked to sort each
robot into one of four suitability categories respectively,
using a drag-and-drop function: (i) children, adults, both, or
neither; (ii) individual use, groups, both, or neither; and (iii)
teacher — who tells students about things; tutor — who guides
students through tasks; peer — who works on tasks with
students; or novice/tutee — who is taught things by students.
The roles were extracted from prominent educational roles
of robots in previous work [1], [7].

4) RQ3: Preference for robots: Lastly, we asked teachers
to pick three robots that they would potentially like to use in
their classroom and three robots they thought their students
would be most excited to use. We included this question as
an exploratory measure to capture teachers” general attitude
towards both robot categories. This approach acknowledges
that teachers’ overall preferences for certain robots may
reflect a holistic evaluation rather than a sum of individual
dimensions. For example, a robot’s perceived warmth may
outweigh its technical competence when considering its
suitability for younger learners, while the reverse may be
true for adult-focused learning tasks.

E. Data analysis

1) Preliminary analysis: All analyses were conducted
in R [36] using RStudio [37]. We conducted correlations
between the continuous study measures (Supplement C).
Means and standard deviations of all study measures are
reported in Supplement D. Both attention checks were
passed by all participants. Teachers watched each robot
video at least once and 2.21 times on average (SD = 0.73;
Supplement A, Fig. S1B). Teachers varied in their exposure
to robots of different kinds, indicating that we sourced a
representative sample (Supplement B, S2).

2) Main analysis: All analyses were performed using
mixed-effect models using the Ime4 [38] or ordinal [39]
packages. Each model included a (varying) dependent out-
come variable, a fixed effect for the variable robot type
(using sum-to-zero contrasts; soft coded as -1, hard as 1)
and — in some models — a second independent variable
and their interaction. The repeated measures nature of the
data was modelled by including a random slope for robot
type across participants, a per-participant random intercept,
and a random intercept for robot. Confidence intervals were
calculated as Profile or Wald intervals.

RQ1: Perception of robots. We assessed differences
between teachers’ perceptions of hard and soft robots across
16 different dimensions according to three preregistered anal-
yses: (i) Differences in the continuous ratings (0-100) of each
dimension; (ii) differences in the ranking (1-12) of robots
in each dimension; and (iii) differences in the likelihood of
being ranked first (1) versus not being ranked first (0) in each
dimension. The rating data were analysed with linear mixed
effects models (LMM), using the Imer function of the Ime4
package. The ranking data were analyzed using cumulative
link mixed models (CLMM), using the clmm function of
the ordinal package. Third, we ran generalised linear mixed
effects models (GLMM) on the likelihood of being ranked

first versus not being ranked first, using the glmer function
of the Ime4 package.

RQ2: Suitability for tasks, ages, context, and roles.
We assessed differences in the perceived suitability of hard
versus soft robots for different tasks, age groups, contexts,
and roles. The task suitability data were analysed with four
LMMs, each including participants’ rating (0-100) as the
dependent variable. The age, context, and role suitability data
were analysed with GLMMs. The models included partici-
pants’ suitability rating as the dependent variable (coded as
0 if not suitable, 1 if suitable), a fixed effect for the variable
age, context, or role respectively, and their interaction with
robot type. Contrasts were calculated using emmeans [40]
with a FDR correction for multiple comparison.

RQ3: Preference for robots. We assessed differences in
the preference for using hard and soft robots in the classroom
from the perspective of teachers, as well as teachers’ percep-
tions of their students’ preferences. The data were analysed
using a CLMM, with the variable rank as the dependent
variable (ranks 1, 2, and 3, and non-ranked coded as 0),
a fixed effect for the variable target group (teachers’ self
preference versus their students’ assumed preference, using
sum-to-zero contrasts), and their interaction.

3) Qualitative analysis: Qualitative analyses were per-
formed in MAXQDA [41]. The qualitative data from teach-
ers’ open-ended answers were coded separately for each
research question. We summarized teachers’ ideas of suitable
tasks per robot type. Teachers’ justifications for their sorting
according to age, context, and roles were coded for descrip-
tive segments and summarized in word clouds (Supplement
K). A total of 1205 text segments from 104 teachers were
coded into 322 codes.

I1I. RESULTS
A. RQI: Perception of robots

Our analysis showed differences in the rating-based per-
ception of hard and soft robots in competence, familiarity,
human-likeness, intelligence, and physical warmth (Fig. 2,
Fig. 83). Hard robots were perceived as more competent
(B = 8.56, SE = 2.20, 95% CI [4.21, 12.91]*; H1.1), more
familiar (3 = 4.46, SE = 2.22, 95% CI [0.07, 8.86]), more
human-like in their form (3 = 9.50, SE = 4.67, 95% CI [0.39,
18.61]), and more intelligent (8 = 9.18, SE = 2.30, 95% CI
[4.65, 13.71]), but less physically warm (3 = -7.06, SE =
2.98, 95% CI = [-12.92, -1.21]; H1.2) than soft robots. No
significant differences between hard and soft robots emerged
in the perception of all other dimensions (see Table 86 for
model estimates).

These results were partly confirmed by the ranking-based
analyses. We found hard robots being ranked higher in
competence (8 =-1.22, SE = 0.28, p < .001, 95% CI [-1.77,
-0.68]; H1.1), human-likeness in form (8 = -1.24, SE = (.56,
p = .03, 95% CI [-2.34, -0.14]), and social intelligence (3 =

2We report 95% CI instead of p-values for the Ime models, as the authors
of the lme4 package chose not to include p-values due to their complex and
potentially misleading calculation for these models [12].



-0.62, SE = 0.28, p = .03, 95% CI [-1.16, -0.07]), but lower
in physical warmth (8 = 0.74, SE = 0.29, p = .01, 95% CI
[-0.17, 1.32]; H1.2). We did not find significant differences
between hard and soft robots in all other dimensions (see
Table 86 for model estimates).

Lastly, we assessed differences between hard and soft
robots in the likelihood of being ranked first for each
dimension. We found hard robots more likely to be ranked
first in regard to competence (3 = 1.25, SE = 0.53, p = .02,
95% CI [0.20, 2.29]; H1.1) and human-likeness (3 = 1.41,
SE = 0.55, p = .01, 95% CI [0.32, 2.49]), and soft robots
more likely to be ranked first regarding their cuteness (3 =
-0.98, SE = 0.33, p = .003, 95% CI [-1.62, -0.34]; H1.5). We
did not find significant differences in the likelihood of being
ranked first in all other dimensions (see Table S6 for model
estimates). To summarize, hard robots were evaluated as
more competent, familiar, and human-like, but less physically
warm than soft robots. Additionally, hard robots were rated
as more intelligent and socially intelligent, but less cute than
soft robots, but these differences were only present in the
ranking data and not in the rating data.

B. RQ2: Suitability

1) Task suitability: Our analyses showed significant dif-
ferences in the perceived task suitability of hard and soft
robots for some but not all tasks (Fig. 3A, Fig. S4). Hard
robots were perceived as more suitable for helping a child
learn mathematics (8 = 11.86, SE = 3.62, 95% CI [4.78,
18.94]; H2.3) or create an artwork (3 = 6.02, SE =3.01, 95%
CI [0.10, 11.93]). There were no differences in the perceived
suitability of hard and soft robots with regards to listening
to a child read (H2.2) or helping a child to feel better about
difficult tasks (H2.1; see Table S7 for model estimates).

Qualitative results. Additional tasks that were mentioned
as suitable for soft robots were primarily emotional support
tasks (n = 84), such as providing encouragement or comfort,
helping students to verbalize their feelings and regulate
emotions on a difficult day, and providing stress release
and cuddles. Additionally, teachers mentioned: (i) Non-
educational tasks (n = 33), such as entertaining and playing;
(ii) literacy tasks (n = 20), such as reading to children or
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Fig. 2. Spider plot of means per dimension with standard errors by robot
type. Dark shades correspond to hard robots and lighter shades correspond
to soft robots. *Significant differences between hard and soft robots.

listening to them read; and (iii) creative tasks (n = 21), such
as role play, drama, and singing. Teachers also mentioned
that soft robots could be especially well suited for younger
children (n = 18).

When thinking of suitable tasks for hard robots, teachers
primarily mentioned general tasks (n = 61), such as assess-
ing and monitoring children, providing general help in the
classroom, or recalling information. Additionally, teachers
mentioned: (i) STEM related tasks (n = 59), such as helping
with experiments, teaching about sciences, and coding; (ii)
physical tasks (n = 39), such as leading or encouraging
physical education, and (iii) tcaching tasks (n = 28), such
as teaching a variety of subjects, providing instructions,
or functioning as an assistant to the teacher (see [17] for
codebook).

2) Age suitability: We compared whether hard and soft
robots were more likely to be categorized as suitable for
children, adults or neither children nor adults (Fig. 3B, Fig.
S5). Teachers were more likely to indicate that hard robots
were suitable for adults (3 = 3.40, SE = 0.24, p < .001;
H2.5) and that soft robots were suitable for children (3 =
-0.47, SE = 0.19, p = .02; H2.4). Teachers were also more
likely to indicate that soft robots were unsuitable for adults
and children compared to hard robots (3 = -0.82, SE = 0.22,
p < .001; see Table S8 for contrasts).

Qualitative results. Robots that were deemed suitable for
children were primarily described as toy- or teddy-like (n =
27), cute (n = 24), and soft and cuddly (n = 15). Robots
suitable for adults were mainly described as human-like (n
= 5), functional (n = 4), and mechanical (n = 4; Supplement
K).

3) Context suitability: We compared whether hard and
soft robots were more likely to be categorized as suitable
for use in individual or group settings, or neither individual
nor group settings (Fig. 3B, Fig. S6). Teachers were more
likely to indicate that hard robots were suitable for groups
(B = 1.83, SE = 0.15, p < .001) and that soft robots were
suitable for individuals (3 = -0.57, SE = 0.15, p < .001).
Teachers were also more likely to indicate that soft robots
were unsuitable for groups and individuals compared to hard
robots (3 = -0.53, SE = 0.18, p = .003; see Table S9 for
contrasts).

Qualitative results. Robots that were considered as suit-
able for individual use were primarily described as toy-like
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Fig. 3. Suitability ratings. A shows the means of dimensions with standard
errors by robot type. B shows the proportions of suitability per age group,
context, and role. Dark shades correspond to hard robots and lighter shades
correspond to soft robots. *Significant differences between hard and soft

robots.



(n = 12), small (n = 9), cuddly (n = 7), and cute (n = 7).
Additionally, teachers mentioned the ability of these robots
to form a personal bond (r = 6). Robots suitable for a group
context were mainly described as having a typical robotic
appearance (n = 7), being large (n = 4) and human-like (n =
4; Supplement K).

4) Role suitability: We compared whether hard and soft
robots were more likely to be categorized as suitable for
the role of a teacher, tutor, peer, and novice (Fig. 3B, Fig.
S7). Teachers were more likely to categorize hard robots as
suitable for the role of a teacher (8 = 1.53, SE = 0.15, p
< .001) and tutor (8 = 0.86, SE = 0.14, p < .001) than
soft robots. On the other hand, teachers were more likely to
categorize soft robots as suitable for the role of a novice (3
= -1.46, SE = 0.13, p < .001) and peer (3 = -0.18, SE =
0.07, p = .01) than hard robots (see Table S10 for contrasts).

Qualitative results. Robots that were deemed suitable for
the role of a novice were mostly described as simple (i.c.,
basic abilities, low competence; n = 8), toy-like (n = 5), and
unintelligent (n = 4). Robots that were considered suitable
for the role of a peer were also described as toy-like (n = 7),
but also as friendly (n = 3), cute (n = 3), and a companion (n
= 3). Robots suitable for the role of a tutor were described
as human-like (n = 3), mobile (n = 2), functional (n = 2),
and intelligent (n = 2). Lastly, robots suitable for the role
of a teacher were described as human-like (n = 19), of a
typical “robotic” appearance (n = 4), and complex (n = 3;
Supplement K).

5) RQ3: Preference for hard and soft robots: We asked
tcachers about their preference for the robots and to indicate
what they thought their students’ preferences would be (Fig.
S8, Fig. §9). Teachers were more likely to prefer hard robots
over soft robots for usage in their classroom (3 = 1.47, SE
= (.53, p = .003) and this same preference endured for these
teachers’ assumed preferences of their students (3 = 1.67,
SE = 0.53, p = .01; see Table 811 for contrasts).

IV. DISCUSSION

In this study, we sought to address how soft and hard robot
features influence teachers’ perceptions of robot suitability
for different education applications. Our results directly
inform initial theoretical considerations for the application
of different robot types in different education contexts. We
found that hard robots were perceived as more competent,
human-like, intelligent, socially intelligent, and familiar than
soft robots. Soft robots on the other hand were perceived
as more physically warm and cute. These differences in
perception possibly drove differences in the educational
suitability of these robots: Hard robots were perceived as
more suitable for “technical” tasks, such as mathematics,
art, and adopting a teacher/tutor role for supporting the
learning of adults or groups. Soft robots were more likely
to be evaluated as suitable for use with younger learners in
individual learning contexts and playing the role of a co-
learner/novice.

A. Differences in perception

We replicated and extended prior work [8], [15], showing
that soft robots were perceived as less competent than hard
robots, even when depicting the functional capabilities of
these robots in videos. Additionally, teachers rated hard
robots as more human-like, which is intuitive given that
three of the selected hard robots were humanoid robots.
Reference [11] found a robot’s human-likeness to influence
its perceived competence, warmth, and discomfort, indicating
a relationship between a robot’s human-likeness and its com-
petence. This link is supported by our qualitative findings,
as teachers deemed hard robots (who were rated as more
competent) as more suitable for adults, groups, and the role
of a tutor and teacher, and described robots suitable for these
contexts overwhelmingly as human-like. Soft robots on the
other hand, were deemed as more suitable for individual
use with children, in the role of a co-learner or novice.
Robots suitable for these contexts were described as toy-
like, simple, and unintelligent, showcasing the other end
of the competence and human-likeness spectrum. Teachers’
perceptions of a lack of intelligence could in fact be a
benefit in some situations, as this could contribute to a
less intimidating peer/novice context, which could in turn
promote further learner engagement [42].

Additionally, we found that soft robots were perceived
as physically warmer but not socially warmer than hard
robots. This is in line with findings by [8], [15], who did
not find a difference in (general) warmth between plush and
hard robots, nor between plush, wood, and plastic robots.
This could indicate that both hard and soft robots can elicit
warmth in different ways. While soft robots could provide
physical comfort and emotional support through their softer
shell, hard robots might provide comfort through their ad-
vanced interaction capabilities — including the ability to ver-
bally express emotions. This is supported by our qualitative
findings, in which teachers indicated that soft robots would
be suitable for emotional-support tasks, such as providing
comfort, cuddling, and helping children to vocalize their
feelings, while hard robots were deemed suitable for helping
in different ways, such as through organizing, physical help,
or teaching different subjects.

We also found differences between hard and soft robots
in intelligence, social intelligence, and cuteness. While in-
tuitive, these differences were not robust across analyses.
This could indicate that teachers changed their ratings based
on the direct comparison between robots, or that teachers
did not pay close enough attention to the ranking, as they
already rated the robots before. While these findings need to
be treated with caution, mentions of intelligence and cuteness
were also present in teachers’ qualitative answers. Here,
cuteness and/or being unintelligent were mentioned in con-
nection with a robot being suitable for children, individuals,
and the roles of a peer and novice, while intelligence was
used to describe suitable robots for groups and the role of a
tutor and teacher. We found these contexts to be differently
suitable for hard and soft robots, providing some support



for the robustness of differences in cuteness and intelligence
between hard and soft robots.

B. Differences in suitability

The differences in the perceived competence, human-
likeness, and warmth between hard and soft robots seemed
to be the main driver behind the differences in perceived
suitability of these robots for different tasks, age groups,
contexts, and roles. Hard robots were perceived as more
suitable for contexts that could require more competence,
such as helping a child learn mathematics or creating an
artwork, interacting with adults and groups, and assuming
the role of a teacher and tutor. Such competence appeared
to be demonstrated by robot size, interaction capabilities,
or movement, as teachers mentioned these features but also
general competence as criteria. One teacher explained that
“robots that resemble humans and look like they are more
intelligent” were more suitable to adopt a teacher/tutor role
(29f, public school, UK).

Soft robots were perceived as more suitable for contexts
that possibly require more emotional skills, such as interact-
ing with individuals, children, and taking the role of a co-
learner or novice. This is supported by teachers’ qualitative
answers: "I’'m basing these [rankings] on children’s needs for
[robots] that have physical warmth and that older kids like
something that is a little more ’grown up’ or may be capable
of more complex tasks” (33f, additional needs education,
Ireland). Another teacher explained that “the really soft and
fuzzy ones seem like it would be easier for one person [to]
develop kind of a personal relationship with them if they
weren’t in a group” (76m, public school, USA).

Regardless of the perceived differences between hard
and soft robots and the resulting differences in perceived
suitability, teachers indicated a general preference for hard
robots for use in their classroom and this preference did not
change, regardless of whether teachers chose for themselves
or for their students. The preference for hard robots did
not depend on the subject taught or pupils” age. This could
indicate that teachers may lack an understanding of how
robots can be used or that they might not have clear ideas
about how to use them across different learning contexts.
This general preference for hard robots is in line with the
perceived better suitability of these robots for group contexts
and is thus rather intuitive. However, if pupils indeed prefer
hard robots over soft robots — as expected by their teachers
— must be empirically established by future work.

C. Limitations

There are several limitations and confounding variables to
consider. First, we did not include a humanoid soft robot
in our sample, such as Sophia [43]. This decision was
made deliberately since these robots are rather uncommon
and usually trigger an uncanny valley response (i.e., are
evaluated as eerie; [44]). Consequently, most of the soft
robots used in our study were toy-like robots, sometimes
closely resembling plush toys. While this appearance could
have driven the differences in perception and suitability, it

remains open how more technological- or human-looking
soft robots, made from silicon, rubber, or *“skin” would
be situated in education contexts. However, as mentioned
above, perceptions of reduced competence among soft edu-
cation robots could be beneficial in some contexts. Second,
while the diverse technical, communicational, and morphic
properties of the selected robots add ecological validity,
they also introduce confounding factors like size, shape, and
communication abilities [12]. Despite *low-tech’ hard robots
being uncommon commercially, future research comparing
functionally similar hard and soft robots would help to
isolate complexity effects. Nevertheless, the broad sampling
in this study helped mitigate confounding effects. Third,
we used video depictions of the robots rather than real-life
interactions. While this allowed us to examine participants’
perceptions of a broader range of robots, this decision also
limits the ecological validity as people might be differently
affected by physically embodied interactions compared to
videos. Our findings should be replicated in an in-person
experiment. Lastly, we assessed students’ preferences for
hard or soft robots through the perspective of their teachers.
Future work should assess whether students’ preference
aligns with their teachers’ expectations.

D. Conclusion and Future Work

Hard and soft robots differed in their perceived compe-
tence, human-likeness, and physical warmth. These differ-
ences seemed to shape for which educational tasks, age
groups, contexts, and roles these robots are deemed suitable
for. Our findings indicate that different types of robots could
be deployed for different educational contexts and that not
every deployment requires a highly complex and costly hard
robot. This opens the possibility of using cheaper and less
complex soft robots in certain education contexts, thus mak-
ing education robots more accessible and scalable. However,
teachers generally preferred hard robots over soft robots
for use in their classrooms, highlighting challenges in the
broader acceptance of soft robots as a useful education aid.
A possible solution could be *“hybrid” robots that combine
the competence and functionality of hard robots with the
higher physical warmth and emotional support capabilities of
soft robots. Additionally, we should promote robot literacy
to help teachers understand the possibilities that different
robots provide and what current evidence tells us about
their effectiveness in different contexts. This could increase
the acceptance of different robot types and help teachers
understand that even an incompetent novice robot could be
an effective educational tool.

Our findings contribute to the literature in multiple ways.
First, from a theoretical perspective, we provided new evi-
dence on how robot softness affects perceptions of compe-
tence and warmth, which are key dimensions in educational
contexts. While prior research identified these differences,
we extended this knowledge by examining them specifically
in an educational setting using video depictions of robots.
Second, from a methodological perspective, we demon-
strated that a two-dimensional framework focusing solely on



competence and warmth fails to capture critical variability
across robot types. Instead, a multi-dimensional approach,
incorporating factors such as human-likeness, intelligence,
and physical warmth, provides a more comprehensive under-
standing of these perceptions and can guide future research
on robot design and evaluation. Future work should build
on these findings by investigating how these perceptions
translate into practical, in-person classroom settings.
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