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As teleoperated robotic units operate in remote and distant environments such as outer space, the communication latency impacts the operator's performance. Yet, the delay impact on teleoperation performance and mental workload has scarcely been evaluated. Human temporal sensitivity appears to modulate the impact of latency on operators' performance but no joint assessment of temporal sensitivity and subjective workload has been reported. In this study, we assess the relationship between the impact of communication delay on teleoperation performance, mental workload, and operators' temporal sensitivity. Sixteen participants completed two online tasks: a duration reproduction task in which they were asked to reproduce the duration of previously presented visual stimuli, and an egocentric maze navigation task which required participants to escape a static maze, under an input latency of 0, 400, and 3000 ms. Completion time, move count, and error rate were recorded for each trial, along with perceived workload using the NASA-TLX questionnaire. The results showed that performance was significantly deteriorated by an increase in communication delay. Moreover, participants' self-rated performance decreased with a larger communication delay, while their reported frustration, effort, and mental demands significantly increased. Interestingly, a possible effect of the temporal sensitivity profile on teleoperation performance -number of moves -was found, with a reduced number of moves for sensitive participants compared to insensitive ones, following a speed/accuracy trade-off (yet not significant). Hence, different operators' strategies were uncovered, depending on their temporal sensitivity profile, to mitigate the impact of communication delay on the mission outcome.

INTRODUCTION

In the wake of substantial progress in robotics, teleoperation has become a relevant way for humans to interact with robots operating in remote and often hazardous locations. Environment uncertainties do not always allow robots to operate in full autonomy, and thus require human intervention. Teleoperation consists of an onsite robotic unit relaying valuable information of its working environment to a human operator remotely manipulating the unit. Visual information is the most typical feedback form: direct vision when the robotic system is within the operator's sight, and a monitoring system with synthetic data (e.g. a screen or a virtual reality headset) otherwise. Other human senses can also be solicited, through auditory or tactile (force feedback) stimuli. The user can then make use of this feedback to decide on the next move to make. Typical fields of application range from as deep as subsea manipulations, through surgery and unmanned vehicle operations, to as high as space maneuvers. Video-assisted surgery is one of the pioneer examples: a fiber-optic endoscope inside the patient's body allows the surgeon to monitor the operation's progress in real-time while minimizing the physical stress experienced by the patient [START_REF] Milleville-Pennel | Contrôle sensori-moteur en situation de téléopération: données théoriques et perspectives ergonomiques[END_REF]. It is also widely used in hazardous situations, such as bomb disposal or radioactive environment maintenance. A recent example is the Tokyo Electric Power Company resorting to a remote-controlled rover to investigate damage to facilities following the Fukushima nuclear power plant incident, and exploring buildings where the radiation level was still prohibitive for a human to operate [START_REF] Sakaue | Survey in Fukushima Daiichi NPS by combination of human and remotely-controlled robot[END_REF]]. In the coming era of space exploration, space is set to become another major field of application, since maneuvers will necessarily involve an adverse and non-survivable environment for astronauts. Typical examples are docking of two spacecraft or robotic arm manipulations (e.g. Canadarm on board the International Space Station, ISS). Keeping a future interplanetary exploration in mind, it is also much less costly to send a robot down to the surface to build any facility from scratch.

Teleoperation induces new constraints for the user. The natural field of view (FOV) of the 3D environment is projected onto a 2D screen with limited FOV and framerates, thus degrading depth perception, orientation, and situational awareness. The remote operation also implies the operator dealing with mismatching stimuli ↗ then ↘ Kuhmann et al. [START_REF] Kuhmann | Experimental investigation of psychophysiological stress-reactions induced by different system response times in human-computer interaction[END_REF] perceived by their different sensorial systems (e.g. tactile and visual senses). It is all the more true when taking communication delay into account. Time delay in teleoperation is defined as the time lag between when input is sent and when the output information loops back to the operator's monitoring system. It is usually incurred by distance (e.g. space teleoperation) or by transmission over the network, where it randomly varies depending on the traffic load. These constraints necessarily cap the operator's performance, as the user suffers from reduced telepresence i.e. the perception of being present in a remote environment. In this study, we focus on the effect of distance-dependent latencies on a human operator in the context of space teleoperation. To give an order of magnitude, considering a human operator on Earth, the round trip delay for a vehicle in low Earth orbit (LEO) is 0.4 second at a minimum, and, for a vehicle on the Moon's surface, this delay increases to 3 seconds [Sheridan 1993].

RELATED WORK

Previous studies have focused on performance degradation due to a constant time delay, and to a lesser extent on its emotional, cognitive, and physiological effects on the operator.

Effect of delay on performance

Time delay has been reported to cause noticeable performance degradation. In a remote positioning and grasping experiment using a robotic hand, Ferrell showed that teleoperation task performance is a function of the delay and the ratio of movement distance to the required accuracy [START_REF] William R Ferrell | Remote manipulation with transmission delay[END_REF]]. In a study of target acquisition using the classic Fitts' law paradigm with four time delay conditions, MacKenzie and Ware demonstrated that movement times increased by 64% and error rates increased by 214% when latency was increased from 8.3 to 225 ms [START_REF] Scott | Lag as a determinant of human performance in interactive systems[END_REF]. Studies by [START_REF] Corde | Effects of time delay on telerobotic control of neutral buoyancy vehicles[END_REF] and [START_REF] Held | Adaptation to displaced and delayed visual feedback from the hand[END_REF] found that latencies as short as 300-320 ms would significantly affect the operator's compensatory pursuit tracking performance or even make the teleoperator dissociate their inputs from the robotic system's response. In a simulated driving task, the driver's vehicle control was found to be significantly degraded with a latency of only 170 ms [START_REF] Lawrence H Frank | Effects of visual display and motion system delays on operator performance and uneasiness in a driving simulator[END_REF]]. Moreover, a 3-second delay caused a 132% increase in task completion time during a free flight maneuver task compared to the task completion time of a free flight without time delay [START_REF] Corde | Effects of time delay on telerobotic control of neutral buoyancy vehicles[END_REF]. Lastly, in an on-screen error detection and correction task, error rates were lower under a long latency of 8 seconds than under a shorter latency of 2 seconds [START_REF] Kuhmann | Experimental investigation of psychophysiological stress-reactions induced by different system response times in human-computer interaction[END_REF]].

Effect of delay on the operator's state

Operators have been shown to tolerate longer time delays and maintain task performance longer for complex tasks than for simple tasks [START_REF] Michael | Time in human-computer interaction: performance as a function of delay type, delay duration, and task difficulty[END_REF]. By testing different web page download delays (1, 30, 60 s), Selvidge et al. found that the longest delay made the participants feel less lost than shorter ones did [START_REF] Paula R Selvidge | The world wide wait: Effects of delays on user performance[END_REF]. This effect was seen with tasks where longer delays left more time for thinking, allowing users to compensate and maintain performance [START_REF] Michael | Time in human-computer interaction: performance as a function of delay type, delay duration, and task difficulty[END_REF]]. On the other hand, larger delays tend to reduce the perceived telepresence, or the perception of being on the site of a remote environment [START_REF] David B Kaber | Effects of visual interface design, and control mode and latency on performance, telepresence and workload in a teleoperation task[END_REF]]. Previous work on constant time delays has shown increased frustration and stress along with degraded performance [START_REF] Kuhmann | Experimental investigation of stress-inducing properties of system response times[END_REF]]. Selvidge et al. showed that the longer download delays were rated significantly more frustrating than the 1-second delay, along with worse performance in task completion. Moreover, research work on online gaming and network delays has studied these effects extensively. [START_REF] Normoyle | Player perception of delays and jitter in character responsiveness[END_REF] found that constant delay does affect performance (accuracy and lost lives), and ease of control when above 300 ms. In a cooperative game, [START_REF] Beznosyk | Influence of network delay and jitter on cooperation in multiplayer games[END_REF] found that constant delays over 100 ms significantly affected performance computed as completion time, and over 60 ms for performance computed as game score. Additionally, participants reported the game being annoying/unacceptable when the delay was above 200 ms. Another example of detrimental effect of delay on performance as completion time was found by [START_REF] Pantel | On the impact of delay on real-time multiplayer games[END_REF] with an increase in lap completion time in a car-racing game for as little as 50 ms delay. It is important to note, as reported by [START_REF] Claypool | Latency and player actions in online games[END_REF] in their review, that game performance is significantly affected by delay for all game perspectives but with a higher sensitivity to delay of the firstperson perspective with a strong performance decrease starting with a 100 ms delay, and a lower sensitivity for the third-person and omnipresent perspectives.

Regarding physiological effects of delay, by assigning a computer task with delays of 0-5, 15, and 4-5 s, Thum et al. found that long time delays resulted in increased electrodermal activity (EDA), negative self-reported emotional states, and better performance [START_REF] Thum | Standardized task strain and system response times in human-computer interaction[END_REF]. In Kuhmann et al., physiological measurements yielded lower levels of systolic blood pressure under long system response times (8 s), but a higher number of skin conductance reactions and pain symptoms (headache and eye pain) under short system response times (2 s) [START_REF] Kuhmann | Experimental investigation of psychophysiological stress-reactions induced by different system response times in human-computer interaction[END_REF]. The effects of an increase in constant time lag on the relevant metrics in teleoperation are summarized in Table 1.

Control strategy adaptation

Beyond an overall performance degradation caused by a time delay, there seems to be a consensus on the control strategy under lagging conditions when the latency is above a certain threshold. In this case, the operators begin to switch their real-time control strategy to a "move and wait" one to preserve their performance [START_REF] Davis | The effects of time lag on driving performance and a possible mitigation[END_REF][START_REF] William R Ferrell | Remote manipulation with transmission delay[END_REF][START_REF] Corde | Effects of time delay on telerobotic control of neutral buoyancy vehicles[END_REF][START_REF] Thomas B Sheridan | Space teleoperation through time delay: Review and prognosis[END_REF]. In a remote-controlled rover driving task under lagging conditions, Scholcover and Gillan showed that the operator's temporal sensitivity can predict the average wait time between two motion inputs [START_REF] Scholcover | Using temporal sensitivity to predict performance under latency in teleoperation[END_REF]. It suggests that temporal sensitivity affects the time spent assessing the feedback and adjusting control inputs.

Dependencies on external factors

Some studies looked for relationships between time lag and other constraints imposed on the operator. For example, the relationship between constant time delay and task complexity was found to be additive with respect to task performance, with no interaction [START_REF] Bourne | Effects of delay of information feedback and task complexity on the identification of concepts[END_REF]. Furthermore, work in time delay and lag in virtual reality head-mounted displays showed no interaction between task complexity and time delays in performance or simulator sickness [START_REF] Todd Nelson | Assessing simulator sickness in a see-through HMD: Effects of time delay, time on task, and task complexity[END_REF]. Frame rate and time delay are found to be closely related, but operators are more sensitive to latency than frame rate [START_REF] Arthur | Evaluating 3d task performance for fish tank virtual worlds[END_REF][START_REF] Stephen R Ellis | Sensor spatial distortion, visual latency, and update rate effects on 3D tracking in virtual environments[END_REF]]. In their remote driving experiment, Scholcover and Gillan [START_REF] Scholcover | Using temporal sensitivity to predict performance under latency in teleoperation[END_REF] demonstrated that the total number of errors made during a trial and error rate can be predicted by the operator's temporal sensitivity. They suggested a possible speed/accuracy trade-off depending on time delay and the user's temporal sensitivity. It has been suggested that performance degradation due to time delay is highly task-dependent. For example, Lane et al. observed that a 3-second delay caused only 47% more completion time in a robotic manipulator maintenance task (i.e., extraction of a box) but a 213% completion time increase in a simulated "peg-in-hole" positioning task [Lane 2000].

Towards human performance in space teleoperation

To our knowledge, only a few studies have investigated the impact of time delays in space teleoperation. Lane et al. resorted to the Ranger telerobot and the SCAMP camera system to simulate free flight and on-orbit maintenance tasks, involving two experienced SCAMP operators [START_REF] Corde | Effects of time delay on telerobotic control of neutral buoyancy vehicles[END_REF]. Lane also tested a tool positioning task on five subjects using a graphical simulation of the Ranger robot [Lane 2000]. A full-scale experiment on remote manipulation was conducted by Weber et al. [START_REF] Weber | Teleoperating Robots from the International Space Station: Microgravity Effects on Performance with Force Feedback[END_REF], in which a cosmonaut on board the ISS performed motion and contact tasks on a robotic arm operating in Oberpfaffenhofen, Germany. In testing motion damping generated by a force feedback controller, they did not report any significant effect of delays up to 70 ms on task performance. However, aiming path deviations increased with latencies above 30 ms when force feedback was activated. Besides, human performance is altered in microgravity conditions. Research under microgravity has demonstrated an increased peak force upon task executions [START_REF] John E Speich | Evaluation of surgical skills in microgravity using force sensing[END_REF], and a long-term slow-down effect on human perception and sensorimotor performance [START_REF] Berger | Pointing arm movements in short-and long-term spaceflights[END_REF][START_REF] Mechtcheriakov | Slowing of human arm movements during weightlessness: the role of vision[END_REF]. Berger et al. attributed this slow-down effect to a strategy to avoid high reactive forces which are difficult to compensate by the weightless body.

To progress towards the assessment and improvement of humanmachine interfaces for space applications, this study was designed to characterize the relationship between teleoperation performance, constant communication delay, and temporal sensitivity. This study goes beyond that of Scholcover et al. [START_REF] Scholcover | Using temporal sensitivity to predict performance under latency in teleoperation[END_REF] in that it characterizes this relationship using both subjective and objective measures, as well as includes a condition without delay for a thorough comparison. Following our review of the literature, performance -computed as completion time and error count (collisions)-was expected to be negatively impacted by an increase in communication delay. Likewise, the mental workload subjective measures extracted from the NASA-TLX questionnaire were expected to be impacted by delay, in particular the frustration, mental demand and performance ones. All these effects were expected to be stronger for temporally sensitive than for temporally insensitive participants.

METHOD 3.1 Participants

Sixteen participants of age ranging from 19 to 66 (mean 32, s.d. 14.6, 11 females, 91% right-handed) took part in the study. All were volunteers, either colleagues, friends or recruited via word of mouth. Two-thirds of them have completed either a university undergraduate program or a doctoral degree, in equal proportions. Nearly half of them wore glasses and a third used contact lenses for vision correction. Informed consent was obtained from each participant before the study.

Experimental protocol

Due to the COVID-19 sanitary measures and confinement in France at the time of the study, the experiment was implemented online. It comprised an initial demographic questionnaire implemented using the Psytoolkit platform [START_REF] Stoet | PsyToolkit: A novel web-based method for running online questionnaires and reaction-time experiments[END_REF]] and two tasks presented in a fixed order: a duration reproduction task and a first-person maze navigation task. The NASA Task Load Index (TLX) questionnaire was administered after each trial of the maze navigation task to assess the participants' perceived workload along 6 dimensions.

Duration reproduction

The task -which enables measuring temporal sensitivity-was performed online with stimuli displayed on a 600×300 pixel HTML canvas. One green and one yellow dot were asynchronously presented on the canvas split in half, with an overlapping period (Fig. 1a). The display side of the green stimulus was announced by a cue. Display duration ranged from 400 to 1500 ms in 100 ms steps. Participants reproduced the display duration of the green stimulus. They pressed and held the "Enter" key on their keyboard to toggle the stimulus display on. Once the original display duration was estimated to be over, they released the key to toggle the display off (Fig. 1b). Participants completed two blocks of trials, one for training and one experimental block. In the training block, after a briefing, they performed two trials with stimuli duration randomly chosen from the aforementioned range. In the experimental block, 12 trials were conducted, presented in a randomized order. Following the procedure established by Stevens and Marks [Stevens and Marks 1980], a power regression law was fit for each participant's data, defined as Ψ = aΦ b , where Ψ is the reproduced duration of the stimulus, Φ is the actual duration of the stimulus, a is a constant, and b is the measure of sensitivity to changes in duration. Its value is usually close to 1. Participants were considered sensitive to changes in duration when b > 1 (N = 7), and insensitive otherwise (N = 9).

First-person maze navigation

The task included an online Javascript maze game from an egocentric viewpoint. Forward/backward moves and left/right rotations were commanded by the arrow keys on a keyboard. Simultaneous presses were allowed for combined motions. A custom-made script simulated response latencies of 0, 400, and 3000 ms. The task was monitored with a 600×400-pixel display of the first-person view (Fig. 2a) and a 200×200-pixel static map of the circuit (Fig. 2b). Participants were instructed to exit the maze as quickly as possible while minimizing collision occurrences with the wall. They were informed of the latency duration before each trial. Two blocks of trials were completed, consisting of an initial training block and an experimental block. In the training block, two trials were presented with latencies of 0 then 1000 ms. Special consideration was made to choose a delay condition that would not be tested in the experimental block. In the experimental block, each of the 0, 400, and 3000 ms latency conditions were presented once in a randomized order over three trials. Each trial was electronically timed, starting when participants first issued a command and ending when the in-game player crossed the green exit line (Fig. 2b). Each key press/release during trials was timestamped. Errors were defined as each movement resulting in a collision with the wall. Dividing them by the total move count yielded the error rate. Participants were not explicitly notified of a collision event. The following metrics were collected for each delay condition during the maze navigation task: Move count, error rate, completion time.

Statistical Analyses

All statistical analyses were repeated-measure one-way ANOVAs (delay factor with 3 levels: No delay, 400 ms, 3000 ms). They were performed using the JASP software. For temporal sensitivity analysis, we added sensitivity as a between-subject factor. When the sphericity assumption was violated, a Greenhouse-Geiser correction was applied and the corresponding p-value marked as p GG .

Post-hoc comparisons are reported with Holm correction.

RESULTS

Impact of delay on performance and workload

Table 2 shows the average values with standard deviations for move count, error rate, and completion time according to the delay condition. The statistical analysis showed a significant effect of delay on completion time (F (2, 30) = 19.254, p GG < .001, η 2 p = 0.56 ). The completion time significantly increased from the No delay condition to the 3000 ms condition (p < .001), and from the the 400 ms to the 3000 ms condition (p < .001). Furthermore, the error rate and move count increased with time delay, however the changes were not significant (respectively F (2, 30) = 3.819, p GG = 0.057, η 2 p = 0.20 and F (2, 30) = 2.856, p = 0.073, η 2 p = 0.16). Regarding the subjective measures, there was a significant impact of delay on subjective measures of workload, i.e. on 4 NASA-TLX sub-scales: mental demand (F (2, 30) = 18.895, p < .001, η 2 p = 0.56), performance (F (2, 30) = 15.877, p < .001, η 2 p = 0.514), effort (F (2, 30) = 10.432, p < .001, η 2 p = 0.41), and frustration (F (2, 30) = 25.268, p < .001, η 2 p = 0.627). For all four sub-scales, the no delay and 400 ms conditions were significantly different from the 3000 ms condition for all comparisons (p < .001), except for the effort dimension where p = .011 for 400 ms vs 3000 ms conditions. However, the analysis did not show any significant effect of delay on the results from the remaining two sub-scales (physical, F (2, 30) = 4.040, p GG = 0.053, η 2 p = 0.21, and temporal demands, F (2, 30) = 0.689, p = 0.51, η 2 p = 0.04).

Temporal sensitivity, performance and perceived workload

Adding temporal sensitivity as a between-subject factor in the analysis did not change the main results. Indeed, it did not impact the move count (delay × sensitivity within subject effect p = 0.381, between subject effect p = 0.152), although a slightly higher move count was observed for the insensitive group, nor the error rate (delay ×sensitivity within subject effect p = 0.874, between subject effect p = 0.697). The effect of delay on completion time was still significant (F (2, 28) = 18.43, p GG < .001, η 2 p = 0.568), but there was no impact of temporal sensitivity (delay × sensitivity within subject effect p GG = 0.211, between subject effect p = 0.381).

Similarly, as regards the subjective metrics of workload (see Fig. 4, there were no significant within-subject interaction effect of temporal sensitivity and delay on the 6 NASA-TLX metrics (minimum p = 0.184 for the physical demand dimension) nor between-subject effect (minimum p = 0.063 for the frustration dimension).

DISCUSSION

As detailed early in the article, human temporal sensitivity appears to modulate the impact of latency on operators' performance but to our knowledge no joint assessment of temporal sensitivity and subjective workload has been reported yet. This study was designed to assess the effect of communication delay and temporal sensitivity on teleoperation performance and reported mental workload. As expected from the literature (see Table 1), communication delay did have a significant effect on performance, with a decrease in performance when delay increased. Interestingly, and also in accordance with the literature, it also had a significant effect on perceived workload as measured through the NASA-TLX questionnaire, with notably an increased frustration but also a decreased self-rated performance when delay increased.

However, contrary to what was expected from the literature [START_REF] Scholcover | Using temporal sensitivity to predict performance under latency in teleoperation[END_REF], the effect of the temporal sensitivity profile was tenuous, with only a single effect of the profile on performance but no interaction with delay. Indeed, for all analyses we were unfortunately faced with an increasing variance (and standard deviation values) when communication delay increased, suggesting individual differences in performance and handling of the maze navigation task under latency conditions. This may be due to the simplicity of the task that was performed in this experiment, and should therefore be further assessed with more ecologically-valid and complex tasks in future work. Yet, the slight effect of temporal sensitivity on move count suggests that "sensitive" participants may be more efficient at limiting the number of moves than "insensitive" ones. As move count is defined as the number of moves made in an axis (X or Y), in-game translations only are taken into account. An effective way to reduce the number of moves was therefore to take shortcuts when turning at the corners (thus reducing the completion time, other things being equal). In a sense, "sensitive" participants could be confident enough to take shortcuts even under latency to go faster, whereas "insensitive" ones would more likely stay away from the walls and follow longer paths with orthogonal curves. This was likely to happen, given that participants were told to escape the maze as quickly as possible, and that the maze circuit was identical through all the trials.

Although inconclusive, the study of the impact of the between subject factor that is temporal sensitivity on performance and perceived workload provided some clues of interactions worth focusing on in a future project. As seen in Fig. 4, perceived temporal demand under the 3000 ms latency was on average higher in the "sensitive" group than in the "insensitive" group. If confirmed, this observation supports the explanation of the behavioral difference between the two sensitivity groups. Because their navigation strategy is riskier and requires precise timing skills, "sensitive" participants would find the maze navigation task more rushed than "insensitive" participants.

Fig. 4 also shows "sensitive" participants rated the maze navigation task under latency less frustrating on average than "insensitive" participants. If confirmed, this could also be attributed to the interaction effect between sensitivity and movement efficiency. As "sensitive" participants are found to move more efficiently under latency than "insensitive" ones, they could be more satisfied with their actions than in the other group. It is also worth mentioning that mean completion time under latency was lower among "sensitive" participants than "insensitive" ones. The difference becomes blatant when delay increases to 3000 ms, although high SD values do not make the observation statistically significant. However, this is consistent with the significant negative interaction between sensitivity and move count, as a lower number of moves leads to a lower completion time, other things being constant. This observation could prove more conclusive if unwanted effects on completion time can be rejected, namely participants getting lost in the circuit.

This study made the first step in linking participants' temporal sensitivity to both performance and their self-assessed workload. In the context of teleoperation, duration reproduction tasks are believed to be particularly relevant. Future work should consider a more robust duration reproduction task, more representative of the individual temporal sensitivity. Variability in the sense of direction was not taken into account either in the maze navigation task. Although the training trials were meant to familiarize participants with the circuit, the bias in the spatial orientation ability could not be ironed out. The ratio between the maximum and mean completion times ranged from 2.5 to 4.2 depending on the delay conditions. These maximums lie beyond the upper bound of the respective 95% confidence interval, and could therefore be considered as outliers. An affordable countermeasure would be to implement a moving map that indicates the current in-game position. Also, the correlation study between different variables could prove more meaningful if participants' performance data could be normalized according to their spatial orientation ability. Data normalization according to the delay conditions is also relevant for better understanding the effects of delay on performance. Besides the subjective perception of the tasks, objective measurements of the participants' emotional and cognitive states should also be included. Indeed, although the NASA-TLX questionnaire was administered after each trial of the maze navigation task, no objective evaluation of workload was conducted during the study. The use of objective workload-sensitive metrics such as physiological measures (e.g. heart rate variability extracted from electrocardiograms and/or power measures extracted from electroencephalograms) is increasingly adopted for a thorough assessment of users' states [START_REF] Raphaëlle N Roy | How Can Physiological Computing Benefit Human-Robot Interaction?[END_REF]]. The remote format of the study due to the pandemic, however, meant that such methods could not be considered at the time of the experiment.

Lastly, future work should focus on implementing more ecological and complex tasks such as a rover teleoperation task in a highly engaging setting (e.g. virtual reality simulations, or actual car/rover operation as done by [START_REF] Scholcover | Using temporal sensitivity to predict performance under latency in teleoperation[END_REF]), as well as -following [START_REF] Claypool | Latency and player actions in online games[END_REF]'s review, to thoroughly assess the interaction of the type of view (e.g. first person vs third person) with delay depending on the users' temporal sensitivity profile, and following online gaming research work [Beznosyk 

CONCLUSION

This study confirmed previous findings on performance degradation with an increasing command latency: mean completion time and error rate increased with latency in the maze navigation task. Selfrated performance dropped and self-rated frustration increased, while participants reported increasing mental demand and efforts to achieve their performance. Temporal sensitivity was found to significantly interact with move count, or how efficient participants are in escaping the maze circuit. Workload reports obtained from participants suggest that "sensitive" participants might find a task under latency more temporally demanding but less frustrating than "insensitive" ones.
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 2 Figure 1: Duration reproduction task
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 3 Figure 3: Effect of latency of performance computed as move count, error rate, and completion time, per temporal sensitivity profile (average per condition with symmetric error bars corresponding to confidence intervals).
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 4 Figure 4: Effect of latency of 6 NASA-TLX dimensions per sensitivity profile (average per condition with symmetric error bars corresponding to confidence intervals).

Table 1 :

 1 Effects of an increasing constant time delay on subjective and objective metrics (non exhaustive review).

	Type of metrics Parameter	Variation	Studies
		Telepresence	↘	Kaber et al. [Kaber et al. 2000]
		Frustration	↗	Kuhmann [Kuhmann 1989] (on-screen detection & cor-
	Subjective			rection),	Selvidge et al. [Selvidge et al. 2002]
				(web page download)
		Stress	↗	Kuhmann [Kuhmann 1989]
		Acceptability	↘	Beznosyk et al. [2011]
		Ease of control	↘	Normoyle et al. [2014]
		Movement time	↗	MacKenzie and Ware [MacKenzie and Ware 1993]
		Task completion time	↗	Lane et al. [Lane 2000], Beznosyk et al. [2011], Pantel
	Behavioural			and Wolf [2002]
		Error rate	↗ then ↘	MacKenzie and Ware [MacKenzie and Ware 1993] (tar-
				get acquisition task),	Kuhmann et al. [Kuhmann
				et al. 1987] (on-screen detection & correction)
		Task completion rate	↘	Selvidge et al. [Selvidge et al. 2002]
		Game score	↘	Beznosyk et al. [2011], Normoyle et al. [2014]
		Systolic blood pressure	↗ then ↘	Kuhmann et al. [Kuhmann et al. 1987]
	Physiological	EDA/Skin conductance	↗ then ↘	Thum et al. [Thum et al. 1995] (computer task), Kuh-
				mann et al. [Kuhmann et al. 1987]
		Pain symptoms		

Table 2 :

 2 Mean performance metrics as a function of latency. Mean (SD)

	Latency (ms)	Move count	Error rate	Completion time (s)
	0	991 (381)	0.0026 (0.007)	24.85 (27.303)
	400	1052 (630)	0.0068 (0.0186)	41.209 (28.345)
	3000	1381 (1077)	0.0298 (0.0523)	171.812 (143.104)