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Abstract. Understanding the effects of Socially Assistive Robots
(SAR) on human’s task performance is crucial for designing power-
ful assistive systems. A variety of interaction design questions have
to be taken into account in order to implement SAR. We present
the results of a case-control study (no robot present vs. robot giv-
ing generic motivational feedback vs. robot giving task performance
related feedback) for a scenario in which a SAR assists users on a
cognitive task. Results show that SARs can have positive effects on
user’s task performance on cognitive tasks and that the task is per-
ceived as pleasurable if the robot’s feedback is appropriate to the
user’s task processing.

1 INTRODUCTION

Socially Assistive Robots (SAR) are a unique form of assistive
robots. While, assistive robots can be divided into robots that can
guide through physical interaction (e.g. in rehabilitation therapy,
wheelchair robots [8, 15]) or as service robots [1], socially assistive
robots are meant to assist people through their mere presence and
social interaction [3]. This implies that interaction relies on purely
human like capabilities and ranges from verbal and nonverbal behav-
ior, emotional expressions to suitable assistive interaction strategies.
Whereas those strategies have to take the users needs and progression
into account to be helpful. In order to create effective social support
that might help users, a variety of questions need to be addressed.
Can SARs induce behavioral change? What are suitable interaction
strategies to assist humans? How do people perform on tasks un-
der load (cognitive load, time pressure) while being assisted from an
embodied social entity? Answers to those questions can help to build
meaningful assistive companions and guidelines for building social
interactive robots which can support users on different tasks.

In a previous work we have investigated the effects of different as-
sistive interaction strategies during cognltive tasks on people [13]. A
robotic system assisted users on a cognitive task. We compared two
different interaction strategies, one where the robot just gave structur-
ing and randomized motivational feedback and one where the robot
gave implicit feedback regarding the user’s task performance. In this
work we want to investigate and present how our previous results
compare to an experimental setup where participants do not have as-
sistance by a robot at all. The question left to explore is whether the
robots presence has positive or negative effects on humans’ task per-
formance. Hence, this work does not give new methodology insights
for research in SARs, but it shows the facilitation effects robots can
have on humans during cognitive tasks.
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We hypothesize that the presence of a robot has a positive effect
on the task performance and that the perception of being evaluated
and observed during task execution is higher compared to a condition
where the robot’s feedback is not related to user’s task processing and
to a no-robot condition. We also hypothesize that the experiment is
perceived as more pleasurable when the participants are accompa-
nied by a robot. Furthermore, we want to investigate if robot assis-
tance and interaction strategies can have an impact on the general
attitudes towards robots.

The next section shows work done in the field of socially assistive
robots. In Section 2 we describe our study methodology. Section 3
shows our obtained results which are discussed in Section 4. The last
section gives a conclusion about the presented work.

1.1 Related Work

Previous work investigated the effects of robotic assistance on several
different tasks (diet coaching, classroom tutor, energy management)
using different methodologies (e.g. quantitative measurements like
task performance, or duration of interaction, or qualitative meausere-
ments like self-reported questionnaires). The impact of positive and
negative social feedback on users energy consumption behavior has
been studied in [9]. Results showed that people were sensitive to so-
cial feedback. Kidd et al studied the effects of long-term human robot
interaction on behavior change while dieting [6]. They compared a
sociable robot to a standalone computer and a paper log. They used
the body weight and interaction time as quantitive measures for the
effect of the robot. The results show that there is no significant differ-
ence between the three groups regarding the body weight. Neverthe-
less, the user had a stronger alliance and used the robot longer than
in the other two conditions.

Explicit motivation and induced enhancement of task performance
using SARs on a cognitive task have been studied in [2]. Three dif-
ferent interaction conditions were evaluated: A baseline condition in
which the robot served as a game instructor and evaluator, a praise
condition in which explicit verbal feedback according to task per-
formance was given, and a challenge condition where the system
changed the difficulty of the test to challenge participants and in-
crease enjoyment. Task enjoyment was highest in the challenging
condition and the task was perceived less frustrating compared to
the other conditions. Furthermore, participants felt motivated by the
robot and reported the highest enjoyment in the condition where they
performed best.

Closely related is a study by Leyzberg and Scassellati, where
they investigated the effects of physical presence of a robot tutor
during a cognitive task [7]. Their results show that participants in
the physically-present robot group outperformed every other group.



Moreover, participants in the robot condition improved their same-
puzzle solving skill significantly in terms of time measurement for a
problem set.

Chan et al. studied how robotic system can engage individuals in a
memory pair game [5]. In their social HRI experiment they evaluated
whether an action of the robot changes the user’s state from a stressed
to a non-stressed state (n=10). They show that their assistive robot is
able to learn its optimal assistive bahviours in personalized interac-
tions. Nevertheless, they did not show whether the robot’s feedback
has a positive impact on the user’s task performance nor did they
compare their implemented behavior to a non adaptive behavior, or a
condition without a robot present.

The use of SAR for designing intelligent cognitive therapies for
people with dementia has been studied in [14]. They hypothesized
that an adaptive behavior of a SAR can improve patient’s task per-
formance on a cognitive game. The adaption adjusts the difficulty of
the game to the abilities of the player. They observed an improve-
ment in game performance and got more engaged to the robot and
game task over time. However, they did not show any significant re-
sults that can explain that the robot’s feedback had significant impact
on user’s task performance. Also they did not show whether the task
engagement was induced by the robotic system or the task itself.

These works show insights for designing socially assistive robots.
The influence of different feedback types on user’s behavior change
give strong indications for designing feedback mechanisms. The dif-
ferences in user’s task performance between physical present robots
and no physical presence show that the embodiment has influence
on the user’s learning gains and that robots can elicit social pressure
effects. This is also supported by a social facilitation study using an
anthropomorphic robot head [12]. Furthermore, people tend to have a
stronger alliance to robots and task enjoyment is also higher when ac-
companied by a robots than with a non physical present robot. Thus,
there is a strong indication that the physical presence of a robot has
an impact on the user’s task performance, which led to an exclusion
of evaluating our system to an avatar.

Compared to previous studies, our study investigates how differ-
ent interaction strategies (e.g. a robot providing generic motivational
feedback or task related feedback while assisting during a cognitive
task) influences the perception of the robot and task compared to a
no-robot condition where no feedback is given at all. As described
in the introduction, we hypothesize that users perform better on a
cognitive task due to social facilitation effects and that a task-related
feedback has a stronger impact on the user’s task performance.

2 METHODOLOGY
2.1 Participants

In total we had 60 participants (30 female), which we assigned to the
different groups as follows. There were 21 participants with mean
age 27 (SD=5.84) in the no robot group, 20 participants with mean
age 23.1 (§D=0.93) in the performance group and 19 with mean age
24 (SD=2.21) in the structuring group. Most participants were Ger-
man undergraduate and graduate students from Bielefeld University
and received chocolate bars for their efforts. The experiments were
conducted in one of our laboratories on campus.

2.2 Apparatus

The participants were asked to solve several mental rotation prob-
lem sets, each consisting of 12 mental rotation tasks [11]. They had
three minutes for one set and a one minute break between two sets. In

conditions where a robot tutor was present, the tutor gave either per-
formance related feedback (performance condition) or simple moti-
vational phrases (structuring condition) between two problem sets .
We compare the amount of succesfull answered problems between
the groups, as well as the survey answers the participants gave after
the experiment.
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Figure 1: Sample item of the cognitive test. Stimulus on the left is the
target, on the right four possible solutions are presented, with stimuli
1 and 3 being correct rotations of the target.

Task The cognitive test we used in our experiment examines the
ability to mentally rotate three-dimensional objects. We used three
different versions, each consisting of 24 different items evenly dis-
tributed over two test halves. Version B comprises reshuffled items
taken from Version A, while Version C requires both vertical and
horizontal mental rotation. Each item consists of one target and four
possible answers (comp. Figure 1). Two of them are rotations of the
target, two are distractors. To answer one problem correctly, the par-
ticipant has to mark the two correct rotations of the target figure. The
mental rotations test thus provides a quantitative measure in terms
of test scores allowing an evaluation of the effects of the robot’s as-
sistive behavior. Originally, subjects have three minutes per test half
and a four minute break in between. In order to induce more stress,
we changed the test procedure to a one minute break between to test
halves.

In every condition, the task was running on a touch screen com-
puter where the participants could navigate through the task introduc-
tion and example test and mark their chosen answers using the touch
interface. In the performance condition, the users also had the option
to navigate through the task introduction and example test via voice
command the robot. However, they still had to mark their answers
during the test using the touch interface.

Task Measure To asses the user’s task performance, we used a
task measure based on the cognitive test. In each problem set, the user
has 12 problem sets, where each set consists of two correct solution
of the mental rotation and two wrong. A problem set is answered cor-
rectly if both correct rotations were marked. Thus, the user can have
a maximum score of 12 and a minimum score of O for one prob-
lem set and a maximum of 24 points for each version respectively.
Furthermore, the systems evaluates how often the user changes his
decision on one problem set, how much time they needed to answer
a problem and how much time they needed in total to answer the
whole problem set. Based on these features, the system in the perfor-
mance condition can generate appropriate feedback according to the
task measurements which is described in the following paragraph.

Robot We used the humanoid robot NAO [4] as platform, which
was equipped with face detection and speech recognition capabili-
ties. In both robot-present groups the participants were introduced
to the test procedure and conducted a trial exercise instructed by the
robot (see Fig. 2). In order to compare the robot-present groups and



the no-robot-present, the same text the robot spoke during the intro-
duction was also displayed on the touch screen computer. Besides
the feedback the robot gave during the breaks, it also warned the
user when there was only one minute left for answering the current
problem set. The robot in the structuring condition provided the user
with simple motivational phrases (i.e. “You are doing really well,
keep up!”, “You are halfway through the test, only three problem sets
left.” or “Try to relax a bit during the break.”). The phrases are ac-
companied by gestures and postures (i.e. folding hand behind robot’s
neck to indicate relaxation). During the performance condition, the
robot gave feedback to the user regarding their task processing (i.e.
”Try to stick to an answer.” when they changed their mind to often
on a problem set and their task score is low, "Don’t rush through the
problems. You have plenty of time.” when they answered the set very
quickly and their task score is low, or ”You were doing really good*
when their task score was high).
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Figure 2: Robot’s structuring baseline behavior.

Since, we wanted to evaluate the effects of the physical presence
of the robot, users in the no-robot-present condition had no perfor-
mance or motivational feedback at all. Using this evaluation setup,
we want to examine whether the physical presence of the robot has
positive effects at all and is not a distraction for the user (e.g. the
user in the no-robot-present condition could also have significantly
higher test results compared to the robot-present conditions because
the robot is a distraction or puts them under too much social pres-
sure).

Figure 3: Experimental setup: Participant, Nao, and touch screen
computer.

Procedure The participants were introduced to the touch com-
puter, told to follow the instructions on the display/of the robot and

to answer the survey after they have completed the test. During the
experiments, participants were alone with the computer and the robot
(in conditions including a robot). They were recorded with cameras
behind and in front of them. The survey included the Negative At-
titudes towards Robots Scale (NARS), task complexity (e.g. "How
{difficult|exhausting|stresful|complicated |annoying|interesting|
fun|challenging|unusual} was the task?“), a personality scale and
how the perceived the experiment ("Did you have fun?“,”Did you
know the exercise?*,”Did you feel evaluated?,’Did you feel ob-
served?). The survey answers were mapped on 7-point Likert-
scales(1:strongly disagree, 7:strongly agree).

3 RESULTS

This study questioned whether presence and different interaction
strategies of a socially assistive robot have positive effects on hu-
man’s task performance during cognitive tasks. Hence, we imple-
mented a control condition in order to approve the results of our pre-
vious study. If the robot has measurable positive effects on the hu-
man, the performance in the control study should be lower than the
one in the structuring feedback group and in the one where the robot
gave personalized performance feedback. Moreover, due to novelty
effects, the task where the robot was present should be evaluated as
more pleasant and more fun.

First of all, the groups do not differ in their experience with robots
and mental rotation tests .

Task Performance Figure 4 shows the results for each test set.
While there is a significant difference between the perfomance based
condition and the structuring condition((#(34) = 1.70,p < .05) for
the first test version (MRT A) and #(34) = 1.81,p < .05 for the
last test set (MRT C 1), there is no significant difference between the
no-robot and structuring condition (see Table 1). Nevertheless, there
is a significant difference between the performance based condition
and the no-robot condition for MRT A (#(36) = 1.7385, p < .05)

Performance Mental Rotation Test
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Figure 4: Average test score for the mental rotation test. Overall, the
test scores are increasing at first due to adaptive effects. Afterwards
the results are decreasing again due to cognitive load.

Negative Attitudes Towards Robot Scale We investigated anx-
ieties towards robots using the Negative Attitudes Towards Robots
Scale (NARS)[10]. The results show that there is tendency for lower
anxiety from the performance based condition compared to the no-
robot condition (see Figure 5). A comparison between the groups



Table 1: Task perception and performance - Mean (M) and standard deviation (SD) for the structuring, performance based and no-robot

condition.

structuring | performance based no-robot

M | SD M SD M | SD
MRT A 541 | 1.85 | 6.5 1.96 5.4386 | 2.71
MRT C, 2ndset | 2.83 | 1.61 | 4.05 2.36 3.7 2.13
feeling evaluated | 5.41 | 1.85 | 6.5 1.96 4.05 1.98
observed 2.83 | 1.61 | 4.05 2.36 3.71 1.97
fun 458 | 1.68 | 4.9 1.56 3.8 2.33
exercise known 261 | 2.09 | 2.63 2.01 2.80 2.06

showed that in the condition where no robot was present, the neg-
ative attitudes towards robots were significantly lower compared to
the group where the robot gave simple structuring feedback (no-robot
vs. structuring: #(38)=-2.3823, p<0.05, no-robot vs. performance:
1(38)=t(36)=-3.2585, p=0.5290).

Subjective Task Ratings Furthermore, we investigated if the
user’s perception regarding the task has changed and whether the
user felt more observed or evaluated while being assisted during task
execution (see Table 1 for mean values and standard deviation). Fig-
ure 5 shows the mean values.

First of all, the task was unkown for the greater part of the par-
ticipants. Participants in the no-robot group and the performance
group have felt significantly more evaluated, than in the struc-
turing group (F(2,56)=5.4036, p<0.05, performance vs. structur-
ing: 1(36)=-3.2585, p<0.05, no-robot vs. structuring: 1(38)=-2.992,
p<0.05).

The perception of being observed was highest in the no-robot con-
dition and lowest in the performance condition, but not significantly
different (no-robot vs. performance: t(38)=-1.7646, p=0.0857).

Furthermore, the participants in the performance condition rated
the experiment as more pleasant/fun as in the no-robot condition (no-
robot vs. performance: t(37)=1.7145, p<0.05, no-robot vs. structur-
ing: t(37)=1.1925, p=0.2407)

The task rating (challenging, exhausting, annoying, complex) was
the lowest in the no-robot condition. This means that participants
in the no-robot condition perceived the task easier, less annoying
and less complex than in the other conditions. However, the dif-
ferences are not significant (no-robot vs. structuring: t(38)=-1.5343,
p=0.0917, no-robot vs. performance: t(38)=-1.0896, p=0.2828).

4 Discussion

Results from our previous work showed that different interaction
strategies have an impact on the perceived assisting capabilities of
a system [13]. Participants in the performance condition felt signifi-
cantly more evaluated by the presence of the robot than in the struc-
turing condition. They also rated the system as more competent and
motivating. This is also supported by the finding that people who
rated the task as exhausting felt more motivated and the presence as
appropriate than in the condition where the robot just gave motiva-
tional phrases.

Our current results confirm that a present robot has positive effects
on user’s performance. Nevertheless, the results suggest that assistive
robots can not only have positive effects on task performance, they
can also be a disturbance for the user. This can be concluded from
the result that users in the structuring condition have no significantly
better task results than the participants in the no-robot condition. One
explanation could be that the robot gives them just general advices

and feedback which is not related to the real user’s performance and
thus distracts them. The disturbance might also arise from the unique
task and the study conditions. We changed the original task proce-
dure to induce time pressure and thus creating a strenuousness situa-
tion. Thus, task irrelevant feedback from the robot could even worsen
the user’s ability to concentrate on the task. However, the curve char-
acteristic is the same in all conditions. The score is dropping from
the first to the second set and rising again due to learning effects.
Afterwards, the score is dropping due to high cognitive load.

Surprisingly, participants in the no-robot condition felt signifi-
cantly more observed than in any other condition. Hence, one can
assume that the presence of the robot could have a relieving effect on
user’s comfort feeling, because they can ascribe to the robot that it
is observing them. Whereas, in the no-robot condition the users did
not know at all what the experiment is used for and who is going to
evaluate their results.

Moreover, our reported result that feeling of beeing evaluated is
significantly higher in the no-robot and performance condition than
in the structuring shows that not only the presence of the robot has
an effect on the user’s experimental perception, but that an assistive
robot also needs to have a meaningful feedback towards the user in
order to evoke behavioral and sensation change.

The hypothesis that robots elicit more enjoyable experimental con-
dition is supported by the results that users rated the experiment as
more pleasurable than in any other condition when the robot was
present and gave actual task related feedback to the user.

Previously, we hypothesized that a no-robot condition would lead
to a decrease in motivation (in terms of task difficulty). Our results
do not show that the presence of a robot has an effect on the task
perception rating. The participants in the no-robot condition rated
the task as easiest compared to the other conditions. This might be
an indication for social facilitation effects, where the presence of a
robot during execution of difficult and unknown tasks leads to weaker
performance and causes discomfort [12].

Interestingly, in conditions where the users rated the highest feel-
ing of being evaluated, they also felt the task as more difficult and
reported the highest negative attitudes towards robots. This result in-
dicates that the task difficulty is closely coupled to the presence of
the robot and the interaction strategy of the robot. When they have
problems with the task, they feel even more evaluated by the assis-
tive system and therefore also tend to have in general more anxieties
towards robots. Hence, the presence of robot’s feedback has a bias-
ing effect on how people perceive robots in general. The participants
reported higher feelings of negative attitudes towards robots, if the
present robot did not give adequate assistance according to the task.
This can also be supported from the result that user’s rated the robot
more competent in the performance feedback condition than in the
structuring condition (#(34)=1.79, p<.05).
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Figure 5: Results of the survey completed after the cognitive task.

5 Conclusion

Concluding, our work presents effects socially assistive robots have
on a user’s task perception and performance while being assisted dur-
ing a cognitive demanding task. Three studies were conducted, two
with a robot assisting the user and one without a robot. Our results
indicate that a robot giving performance related feedback has signif-
icant effects on task performance compared to conditions where the
robot gave structuring feedback or no robot was present at all. Our
hypothesis, that the user feel more observed during task execution
when accompanied by a robot can neither be confirmed nor rejected,
because we have no significant different results.

Moreover, we showed that a robot giving user specific advices
leads to a higher exercise enjoyment compared to structuring feed-
back and no feedback at all. We also have results indicating that the
presence of a robot and the regarded helpfulness can bias the general
negative attitudes towards robots.

Future work includes an objective validation of the task percep-
tion (in terms of strenuousness). This might include physiological
measurements to objectively investigate the cognitive demands and
to be able to qualify the assistance during our presented task and
other stressfully or cognitive demanding tasks. Furthermore, also a
study setup with a fairly easy task needs to be implemented in order
to evaluate social facilitation effects. A robot assisting users during
easy tasks might be a distraction for the user.

The effects need to be tested in the long term. One can assume
that a robot giving always the same feedback which is not adapting
to the user’s experience will be boring for the user. Hence, a study
can reveal what requirements arise when designing such a system
for repeating long-term interactions. Moreover, in the long-term not
only the response of the robot should adapt to the user’s experience,
but also the task difficulty itself. As previous related work shows, an
adaptive task difficulty enhances the user’s engagement and enjoy-
ment to the training.

At last, the results of this work compared with lessons learned
from previous studies, show that a combination of a physical present
robot giving performance related feedback which adapts on the long-
term to the user’s experience will have the biggest impact on the
user’s task performance, enjoyment, engagement and motivation to
interact with the system over extended periods of time. Our results
show that the robot’s type of feedback is important to have an eye

on when designing SAR scenarios and that there is a connection be-
tween the perception of the robot’s helpfulness and the difficulty of
the task. Thus, our findings should help upcoming research to con-
sider how they want to design a robot’s feedback and that not only
motivational or praising phrases have an effect on the user’s task pro-
cessing and task perception, but also that the feedback needs to be
suited to the user’s demands.
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