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Swarm UIs provide assistance to support users in their tasks and are increasingly explored in HCI. This paper studies the extent to

which this assistance impacts users’ sense of agency. A reduced sense of agency can lead to non-use of the interface or a diminishing

sense of responsibility regarding the consequences of users’ actions. We conduct three experiments studying the impact of three

factors on the sense of agency: the level of assistance, the task difficulty, and the predictability of modules. Our nine assistance levels

vary in system autonomy and module coordination (proxy vs. no proxy). We find that higher assistance reduces users’ sense of agency,

and this effect is not impacted by task difficulty. Predictability only impacts the least assistive interaction techniques. Our results will

foster users’ acceptance, responsibility, and use of swarm UIs. This workshop position paper is a summary of a CHI’26 paper [18].
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1 Introduction and related work

Swarm UIs are interfaces made up of several modules that can move independently, without needing to be physically

connected to one another. They operate collectively and respond to user commands as a group [22]. The actuation

allows swarm UIs to provide assistance to users. Assistance is the degree of autonomy left to a system to help the

user perform a task. In this context, swarm UIs can be considered as physical multi-agent systems, with each module

capable of making a decision independently or based on the decisions of others and the user’s decisions. We currently

do not know the effect of such assistance on users’ sense of agency (SoA) –that is, the feeling of controlling an action

and its effects in the environment [15]. Additionally, the SoA may be influenced by two other factors: (1) users’ task
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performance [17, 26, 44, 45] and (2) the predictability of the response of the swarm [7, 8, 36, 37, 46]. This position paper

addresses the following research question: To what extent does the assistance provided by swarm UIs lower the users’ sense

of agency and how task performance and system predictability modulate this effect? Answering this question is crucial, as

a reduced SoA can lower users’ perceived responsibility for the outcomes of their actions [6]. This is especially critical

for high-stakes applications –such as surgery [39] or search-and-rescue coordination [16]– where users must retain a

sense of control to make informed decisions taking into account any potential consequences. Moreover, user’s ability to

maintain control over a system impacts its acceptability [35].

Previous work showed a reduced SoA when the system behaves unexpectedly [7, 8, 36, 37, 46]. However, no prior

work studied the combined impact on users’ SoA of the predictability (e.g., trajectory errors or bugs) and the level of

assistance. Conversely, prior work showed that performance can affect the SoA [17, 26, 44, 45]: e.g., the higher the

performance, the stronger the SoA [44]. The SoA tends to increase with better performance, regardless of the assistance

level [45]. However, prior work suggests that high levels of assistance may reduce the SoA [12, 24, 43, 47, 48], even if

performance remains high [43]. This implies that an optimal balance must be found between automation, performance,

and SoA [2, 3, 43]. These studies were conducted in the context of graphical interfaces. Direct physical manipulation of

modules may increase users’ SoA. Moreover, these studies considered the system as a tool rather than as a cooperative

partner.

Cooperation happens when “two or more individuals work together toward the attainment of a mutual goal or

complementary goals” [1]. Prior work studied the impact of cooperation between humans [28, 40] and between humans

and machines [10, 11, 14, 29, 32, 33], on SoA. Particular SoA emerges whenever the consequences of users’ actions

are linked to those of a partner [38]. We-Agency [28, 29] suggests that individual SoA dissolves into a joint SoA when

actions are performed cooperatively. However, this dissolution lacks empirical support [21]: when pursuing a common

goal, studies show that joint SoA does not replace individual SoA, but supplements it through the development of (1) a

shared SoA [21] and (2) a vicarious SoA for the partner’s actions [28, 40]. The SoA for the co-agent’s actions appeared

when the partner was human, but not when it was a computer [29, 34]. S

Another hypothesis is the distribution of SoA among partners: individual SoA tends to decrease during joint action,

being redistributed to other human partner [4, 25, 31, 49] or to robotic partner [10]. Such distributed and joint SoA

can only emerge in synchronous tasks, i.e., when the behavior of other agents aligns with one’s expectations [23, 31].

However, on the contrary to the systems considered in these studies, swarm UIs can physically move in space to

perform an action, creating a sensory effect similar to human actions [32]. Most prior work investigating the SoA

when cooperating with robots [10, 11, 14, 32, 33] shows a negative effect of the robotic partner on the SoA compared

to the absence of a partner [10, 11, 14, 33]. However, humans show a vicarious sense of agency when the robotic

partner physically performs the task, while it decreased when the robotic partner performs the task without physical

motion [32]. Similarly, there is a significant difference in SoA between three types of partners [33]: human > humanoid

robot > servomotor. This suggests that the type of autonomous system involved in the cooperation task has an effect on

the SoA.

However, in these studies, partners did not interact with each other when cooperating. On the contrary, in existing

swarm UIs, users can directly interact with the modules to achieve their goal (e.g., [19, 22, 41]). Moreover, as opposed to

swarm UIs, prior studies focused on a single robot.

We explore the impact of the assistance on users’ sense of agency when interacting with a swarm UI (Experiment 1),

and how this is further impacted by performance (Experiment 2) and predictability (Experiment 3).
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Fig. 1. Experimental setup: (a) Swarm UI consisting of 4 Toios modules, in a square starting position, in front of their gray target

vertex, (b) Participant dragging a module, before they answer our sense of agency questionnaire on the right.

2 Experiments

Our three experiments follow the same protocol. Participants performed a drag-and-drop task to resize a circle made

of robots. They dragged robots initially arranged in a circle at the center of a platform, and dropped them into a

circular target (6 cm in diameter) positioned 15.5 cm away (center to center) in front of each robot (Figures 1) For each

experiment we recruited 35 participants (resp. 18/12/12 self-identified as women, 17/23/23 as men, M = 29.26/23/27.66

y.o., SD = 7.57/4.5/9.02). We used four rectangular Toio
TM

robots [42] (3 cm × 3 cm, height of 2 cm), controlled by

Bluetooth via the Toio SDK for Unity [27]. We used Unity 2021.3.0f1 on a MacBook Pro M1 Max. The robots and their

mat were placed on a table in front of the participants (Figure 1). We project the targets onto the mat with a video

projector above the mat.

For each experiment, we used a within-subjects design, with two independent variables and one main dependent.

Independent Variables XP1: Autonomy and Proxy. Our XP1 involves two independent variables controlling the

assistance provided by the Toios: Autonomy –the participants drag-and-drop the robots into their targets in five

different ways– and Proxy –the robots imitate or not the movements of a leader, called Proxy. A combination of both

is called Type of assistance.

The Autonomy has 4 levels and 1 baseline level: Inert (Ainert), which corresponds to a level without robots’

autonomy ; Snapping (Asnap) and Stoppable (Astop), which correspond to semi-autonomous levels ; Triggered (Atrg),

which corresponds to a high level of autonomy ; and Complete (Acmplt), which corresponds to the full level of autonomy

and there is no control of participants, this is the baseline level [18].

The Proxy has 2 levels and 1 baseline level: Without Proxy (Pw/o), the participants interact with each robot ; With

Proxy (Pwith), the participants interact only with the proxy robot to drag and drop all of them into their targets, the

others robots are called satellites ; Observation (Pobs), the participants do not interact with any robots, this is the

baseline level [18].

Independent Variables XP2: Autonomy and Difficulty. Our XP2 involves two independent variables:

The Autonomy refers to the same levels as in XP1. However, we did not test the Proxy variable in this 2
nd

experiment

and set it to the Pwith and baseline Autonomy levels. There were therefore 5 Autonomy levels.

The Difficulty has 2 levels: the Harder, targets have the same size and were at the same position as in the first

experiment: Size = 6 cm, Distance = 15.5 cm (Fitts’ ID = 3.3) ; and the Easier, targets were bigger and closer to Toios:

Size = 12 cm, Distance = 9.5 cm (Fitts’ ID = 1.2).

Independent Variables XP3: Autonomy and Predictability. Our XP3 involves two independent variables:

The Autonomy refers to the same level as in the XP2.
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Fig. 2. (a) SoA depending on Type of assistance. For more condensed writing, Types of assistance Pw/o are named only by the name

of the Autonomy. (b) SoA depending on Autonomy and the role of modules in movement coordination (proxy module vs. satellite

modules). For both, error bars represent bootstrapped 95% confidence intervals.

The Predictability, refers to the noise in the modules’ trajectory, and has 2 levels: the Straight, the modules’

trajectory is not affected by vibrations and is very predictable; and the Noisy, the trajectory is affected by a random

vibration of the Toio.

Dependent Variable. Our dependent variable is participants’ Sense of Agency (SoA) on the modules’ movement. We

measure the overall SoA (i.e., for the swarm), the SoA on both proxy and satellites for each Type of assistance using

8-point Likert scales [10, 11].

Results of XP1: Effect of the Type of assistance on SoA. We found (a) a decrease in SoA when the Autonomy increases,

but with no difference between the two semi-autonomous levels, Asnap and Astop (Figure 2), (b) a higher SoA for Pw/o

than Pwith (Figure 2a), but no interaction effect between Autonomy and Proxy (Figure 2a), and (c) a higher SoA for the

proxy module than for the satellites modules and this gap is even greater when the Autonomy is low (Figure 2b).

Results of XP2: Combined effect of task Difficulty and Autonomy With Proxy on SoA. We found no significant

effects of Difficulty on SoA for each level of Autonomy and between the proxy module and the satellite modules

(Figure 3a).

Results of XP3: Combined effect of Predictability and Autonomy With Proxy on SoA. We found (a) a small but

significant difference between Noisy Predictability and Straight Predictability, with a SoA weaker for Noisy, (b)

a small but significant decrease of Predictability effect on SoA when the Autonomy increases, and (c) a small but

higher effect of Predictability on SoA for the proxy module than for the satellites modules. This last effect is not

impacted by Autonomy (Figure 3b).

3 Discussion and Conclusion

What type of SoA is felt when interacting with a proxy? First, a human leader (through the proxy module in our case)

develops vicarious SoA for the actions of those humans under their command (satellite modules in our case) [5, 9, 20],

lower than their individual SoA [5, 20]. Furthermore, during a joint action, a shared SoA appears [20] (swarm in our

case), lower than the individual SoA. We, therefore, propose three types of SoA involved when interacting with a swarm

UI through one of its modules acting as a proxy: (a) Leader SoA felt for the proxy module, impacted by autonomy (≈
individual SoA), (b) Follower SoA felt for the satellite modules, little impacted by autonomy and with a fairly low level

(≈ vicarious SoA), (c) Shared SoA felt for the whole swarm, impacted by autonomy. Users might be more likely to

attribute an error in the satellites to a system malfunction rather than to their own input –regardless of the system
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Fig. 3. (a) SoA for XP2 Autonomy × Difficulty(b) SoA for XP3 Autonomy × Predictability For both, the graph represent pairwise

differences in SoA for the swarm, the satellite modules and the proxy module, according to Autonomy. The difference is between the

SoA score for the Easier Difficulty (resp. Noisy Predictability) and the Harder Difficulty (resp. Straight Predictability). Error bars
represent bootstrapped 95% confidence intervals.

autonomy. Moreover, users are more inclined to feel responsible for an error of the proxy module or for the swarm,

unless the system exhibits a high level of autonomy, in which case responsibility is again attributed to the system.

Designers should foster users’ responsability and therefore consider lower autonomy or introducing a proxy.

Second, users could distribute their SoA among modules, due to the synchronous aspect of our task (i.e., the

concordance of the satellites movements with those of the proxy). Users would perceive the satellite modules as

having their own SoA, and the SoA would be distributed among proxy and satellite modules. However, the creation

of distributed SoA and diffusion of responsibility only happen in the case of synchronous tasks –as in XP1 and 2–

and not in the case of asynchronous tasks [23, 31]. Our XP3 (predictability) partially supports this analogy: the effect

of predictability on the SoA seems weaker for the satellites (≈ vicarious) and the swarm (≈ shared) than for the

proxy (≈ individual). Moreover, when comparing the level SoA between XP1 and 3 (Figure 2b and 3b), experiencing

unpredictability seems to impact users’ proxy’s and satellites’ SoA. This suggests that an asynchronous, unpredictable

task tends to cancel the difference between the three types of SoA in swarm UIs (Leader, Follower, and Shared SoA). In

the case of a search and rescue scenario, imagine that robots make a decision (autonomy), failing to take users’ input

into account (unpredictability), and lowering all SoA They might therefore attribute the outcomes to the system and

disengage from its use. On the contrary, if robots take users’ input into account and become predictable, designers

should be aware that users’ responsibility for the actions of the proxy and satellites will increase, but depart from each

other.

Sense of agency beyond swarm UIs. Assistive systems will no longer be seen merely as tools for completing tasks, but

as partners with whom we collaborate to achieve a common goal [30]. Among these, swarm robotics gained attention

and are now actively studied. Beyond swarms, robotics systems with a collective behavior –even when modules are

attached to each other– can also benefit from our results. Among other assistive systems, human-robot multi-agent

systems [13] could draw on our results. Humans should not be expected to react in the same way depending on the

type of assistance granted to the agents they interact with. For example, if the goal is for humans to retain a sense of

responsibility while still benefiting from robots’ autonomy, using proxies could provide them with agency. Conversely,

if responsibility is not a major issue while autonomy is crucial (e.g., to save time), designers should anticipate the

consequences on human behavior.
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