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Background. Sensorimotor communication is frequently observed in complex joint actions and social
interactions. However, it remains challenging to explore the cognitive foundations behind sensorimotor
communication.

Methods. The present study extends previous research by introducing a single-person baseline
condition and formulates two distinct categories of asymmetric joint action tasks: distance tasks and
orientation tasks. This research investigates the action performance of 65 participants under various
experimental conditions utilizing a 2 (cooperative intention: Coop, No-coop) × 2 (task characteristic:
distance, orientation) × 4 (target: T1, T2, T3, T4) repeated-measures experimental design to investigate
the cognitive mechanisms underlying sensorimotor communication between individuals.

Results. The results showed, (1) Target key dwell time, motion time, total motion time, and maximum
motion height in the Coop condition are more than in the No-coop condition. (2) In the distance task
without cooperative intention, the dwell time of T4 is smaller than T1, T2, T3, and its variability of T1, T2,
T3, and T4 were no different. In the distance task with cooperative intention, the dwell time and its
variability of T1, T2, T3, and T4 displayed an increasing trend. (3) In the orientation task without
cooperative intention, the dwell time of T1 is smaller than T2, T3, T4, and variability of the target keys
T1, T2, T3, and T4 had no difference. In the orientation task with cooperative intention, the dwell time
and variability of the target keys T1, T2, T3, and T4 had increasing trends.

Conclusions. Those findings underscore the importance of cooperative intention for sensorimotor
communication. In the distance task with cooperative intention, message senders establish a mapping
relationship characterized by "near-small, far-large" between the task distance and the individual's action
characteristics through sensorimotor experience. In the orientation task with cooperative intention,
message senders combined sensorimotor experience and verbal metaphors to establish a mapping
relationship between task orientation and action characteristics, following the sequence of “left-up, right-
up, left-down, right-down” to transmit the message to others.
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16 Abstract

17 Background. Sensorimotor communication is frequently observed in complex joint actions and 

18 social interactions. However, it remains challenging to explore the cognitive foundations behind 

19 sensorimotor communication.

20 Methods. The present study extends previous research by introducing a single-person baseline 

21 condition and formulates two distinct categories of asymmetric joint action tasks: distance tasks 

22 and orientation tasks. This research investigates the action performance of 65 participants under 

23 various experimental conditions utilizing a 2 (cooperative intention: Coop, No-coop) × 2 (task 

24 characteristic: distance, orientation) × 4 (target: T1, T2, T3, T4) repeated-measures experimental 

25 design to investigate the cognitive mechanisms underlying sensorimotor communication between 

26 individuals. 

27 Results. The results showed, (1) Target key dwell time, motion time, total motion time, and 

28 maximum motion height in the Coop condition are more than in the No-coop condition. (2) In the 

29 distance task without cooperative intention, the dwell time of T4 is smaller than T1, T2, T3, and 

30 its variability of T1, T2, T3, and T4 were no different. In the distance task with cooperative 

31 intention, the dwell time and its variability of T1, T2, T3, and T4 displayed an increasing trend. 

32 (3) In the orientation task without cooperative intention, the dwell time of T1 is smaller than T2, 

33 T3, T4, and variability of the target keys T1, T2, T3, and T4 had no difference. In the orientation 

34 task with cooperative intention, the dwell time and variability of the target keys T1, T2, T3, and 

35 T4 had increasing trends.

36 Conclusions. Those findings underscore the importance of cooperative intention for sensorimotor 

37 communication. In the distance task with cooperative intention, message senders establish a 

38 mapping relationship characterized by "near-small, far-large" between the task distance and the 

39 individual's action characteristics through sensorimotor experience. In the orientation task with 

40 cooperative intention, message senders combined sensorimotor experience and verbal metaphors 
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41 to establish a mapping relationship between task orientation and action characteristics, following 

42 the sequence of �left-up, right-up, left-down, right-down� to transmit the message to others.

43 Introduction

44 As members of social groups, humans inherently can engage in social interactions. Before 

45 infants acquire language skills, they demonstrate the capacity to communicate and interact with 

46 others through nonverbal actions (Oryadi-Zanjani, 2020). Nonverbal communication permeates 

47 human cultures worldwide, often complementing or replacing verbal communication in everyday 

48 social interactions (Hall et al., 2019). Abundant evidence suggests that individuals frequently 

49 employ nonverbal sensorimotor communication to swiftly convey coordination signals in the 

50 context of real-time social interactions or joint actions (Laroche et al., 2022; Miyata et al., 2021; 

51 Edey et al., 2020; Varni et al., 2019). In other words, individuals convey information to others by 

52 embedding communicative messages within instrumental actions (Pezzulo et al., 2019) to facilitate 

53 the coordination of interindividual interactions, a phenomenon referred to as sensorimotor 

54 communication (SMC). For instance, in competitive sports, an athlete may intentionally modify 

55 his kicking to convey the upcoming coordination direction to teammates. Here, the initial kicking 

56 action serves as an instrumental act, while the information regarding the coordination direction 

57 (manifested as an exaggerated deviation in the individual's kicking trajectory) is communicative. 

58 Likewise, athletes can execute deceptive body movements that disrupt their opponents' motor 

59 prediction processes. Sensorimotor communication relies on instrumental actions and enables the 

60 conveyance of communicative information during the execution of instrumental actions. 

61 Information transfer in sensorimotor communication is highly flexible and rapid (Laroche et al., 

62 2022; Vesper et al., 2017). Swift information transfer between message senders and receivers 

63 through actions is achievable even without prior agreement among interacting parties regarding 

64 the meaning of the action (Pezzulo et al., 2019). Consequently, it is frequently observed in complex 

65 joint actions and social interactions.

66 Asymmetric joint action is a relatively complex type of joint actions because it necessitates 

67 spatial and temporal coordination among participants who receive incongruent information 

68 (Zhang, 2019; Vesper et al., 2017). For instance, two individuals are instructed to touch a 

69 designated target location sequentially. One of them possesses knowledge of the target location, 

70 while the other remains unaware. Sensorimotor communication plays an essential role in joint 

71 action because effective motor coordination can only be achieved if the participant who possesses 

72 more information (the information sender) conveys the target information to the less informed 

73 participant (the information receiver). The bidirectional model of influence asserts that effective 

74 communication hinges on the sender's precise articulation of the message to ensure comprehension 

75 by the receiver (Beebe et al., 2015). Consequently, the precise calibration of the kinematic 

76 characteristics of action by message senders, such as motion height, motion time, and motion speed 

77 (Trujillo, 2020) based on communicative information, is a prerequisite for sensorimotor 

78 communication to enable asymmetric joint action. The process by which message senders establish 

79 the mapping between task target information and their action characteristics assumes particular 

80 significance.
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81 Previous research in the domain of asymmetric joint action has established that message 

82 senders possess the capability to adjust the kinematic characteristics of their actions in 

83 correspondence with changes in the physical attributes of the task target. For instance, Schmitz et 

84 al. (2018) observed that message senders effectively conveyed three different weight categories�

85 light, medium, and heavy�by grasping a cylinder at varying heights. Specifically, they grasped it 

86 at a higher position to indicate a lighter weight, a middle position for a medium weight, and a 

87 lower position for a heavy weight. Furthermore, Vesper et al. (2017) noted that message senders 

88 adapted their motion time based on the distance to the task target, with longer motion times 

89 required for more distant targets. These observations align with the theory of embodied cognition, 

90 which underscores the profound influence of bodily actions and sensory experiences on forming 

91 abstract concepts (Ye, 2010; Li & Wang, 2015). Sensorimotor experiences are bodily actions and 

92 sensory experiences(Jin et al., 2019; Ye, 2010). According to this theory, when individuals engage 

93 with concepts, relevant embodied simulations, and neural systems are activated even when there 

94 is no real-time, online interaction with these concepts (Barsalou, 2008, 2009). In sensorimotor 

95 communication, processing the weight/motor distance information of a task target automatically 

96 activates the corresponding sensorimotor experiences, subsequently influencing the grasp 

97 height/motion time of message senders' actions.

98 However, the studies mentioned above leave specific critical questions unanswered. First, 

99 although these investigations confirm that message senders adapt the kinematic characteristics of 

100 their actions based on the target, none of them compare these actions with the kinematic 

101 characteristics of actions performed by individuals in the tasks without cooperation. Consequently, 

102 it remains challenging to discern whether the disparities in message senders' actions stem from 

103 variances in instrumental movements associated with distinct task targets. Alternatively, it could 

104 be intentional sensorimotor communication by the individuals involved.  For instance, in a study 

105 by Schmitz et al. (2018), the act of grasping the cylinder by message senders served both an 

106 instrumental purpose and a communicative intention. Consequently, the issue of whether the 

107 alteration in grasping height results from differences in the object's weight or intentional 

108 communicative messages conveyed by the message senders remains elusive. Second, the physical 

109 attributes of the targets in the aforementioned research tasks evoke substantial divergence in 

110 individual sensorimotor experiences, such as incremental differences in weight (light, medium, 

111 and heavy) and incremental changes in distance (near, medium, and far). In such cases, the 

112 message senders can readily determine the kinematic characteristics of the corresponding motion 

113 by observing variations in the target's physical attributes. However, in intricate social interactions 

114 characterized by limited differentiation in target-induced sensorimotor experiences, the way 

115 message senders engage in sensorimotor communication warrants exploration.

116 To address Problem 1, the current study extends prior research by introducing a single-person 

117 baseline condition. This addition aims to isolate instrumental action distinctions stemming from 

118 task-related factors from the sensorimotor communication of message senders. Additionally, 

119 previous investigations have revealed that sensorimotor communication does not manifest 

120 uniformly across all phases of message senders' actions (Vesper et al., 2017). Building upon this 
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121 insight, the present study deconstructs the action process of message senders. Research has 

122 demonstrated that message senders systematically adjust kinematic characteristics (Trujillo, 2020; 

123 de Ruiter et al., 2010) and enhance the informativeness of their actions (Winner et al., 2019) 

124 contingent on the communicative context to facilitate effective message delivery. This is 

125 exemplified by the elongation of motion time (Vesper et al., 2016) or an increase in motion 

126 amplitude (Wood et al., 2022; McEllin et al., 2018). The present study's Hypothesis 1 asserts that 

127 message senders tend to amplify specific motion characteristics during particular motion phases 

128 when demonstrating cooperative intention (Coop), as compared to a baseline condition when there 

129 is no cooperative intention (single-person baseline, No-coop).

130 To address Problem 2, this study devises two distinct types of asymmetric joint action tasks: 

131 distance and orientation tasks. Both task types consist of four target keys, requiring both 

132 participants to sequentially press a designated target key. However, only one of the participants 

133 possesses knowledge of the target key's location. In the distance task, the targets are placed evenly 

134 along the same direction but differ in distance. Conversely, the targets are placed in different 

135 directions but cover the same distance in the orientation task. In both task types, message senders 

136 are tasked with establishing a mapping relationship between the spatial-physical characteristics of 

137 the target key (motion direction and motion distance) and the kinematic attributes of their actions 

138 (e.g., motion time). This mapping relationship, known as space-time mapping, conveys the target 

139 message and subsequently facilitates joint actions. Specifically, the distance task primarily focuses 

140 on the space-time mapping between motion distance (target) and motion time (action). In contrast, 

141 the orientation task places greater emphasis on the space-time mapping between motion direction 

142 (target) and motion time (action).

143 In accordance with the theory related to embodied simulation, it is well established that as 

144 one moves further away, the accompanying motion time tends to increase (Sevdalis & Keller, 

145 2011). Consequently, in a distance task characterized by a more pronounced differentiation in 

146 target-induced sensorimotor experiences, message senders can establish space-time mapping 

147 relationships between motion distance and motion time through embodied simulations of the 

148 spatial distance characteristics of the task target. Therefore, Hypothesis 2a in this study posits that 

149 in the distance task with cooperative intention, message senders will extend their motion time in 

150 direct proportion to the spatial distance information of the target to effectively convey the target 

151 message to others. In the orientation task, the mapping relationships between spatial orientation 

152 and time are notably intricate. Forming space-time mappings in orientation tasks solely through 

153 target-induced sensorimotor experiences presents considerable challenges, rendering orientation 

154 tasks less differentiated. A correlational study examining the Space-Time Association of Response 

155 Codes Effect (STARC) identified three primary spatial orientations (left-right, front-back, and up-

156 down) within the mental timeline (He et al., 2020; Coull et al.,2018; Teghil et al.,2021; von Sobbe 

157 et al.,2019; Starr & Srinivasan,2021; Valenzuela et al.,2020). Due to the influence of reading and 

158 writing conventions, the left direction typically represents earlier times, while the right signifies 

159 later times (Dalmaso et al., 2023; Pitt & Casasanto, 2020). This low-level embodied simulation 

160 establishes a mental timeline oriented from left to right. In contrast, the mental timeline associated 
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161 with up-and-down orientation is primarily linked to high levels of verbal metaphors (He et al., 

162 2021). For instance, Chinese linguistic metaphors such as "morning(上午)" and "afternoon（下

163 午）" equate to earlier and later times, respectively. �上�represents the up part of the 

164 orientation， and �下�represents the down side of the orientation. These linguistic metaphors 

165 activate spatial schemas that offer reference points for time processing (Boroditsky et al., 2011). 

166 In the present study, the target keys within the orientation tasks encompass four distinct 

167 orientations: left-up, right-up, left-down, and right-down. This setup may engage embodied 

168 simulation for left-right orientation and utilize linguistic metaphors for up-down orientation. Since 

169 embodied simulation rooted in reading and writing habits occurs more frequently than verbal 

170 metaphors, producing mental timelines in the "left-right" direction is likely to be more effortless 

171 and rapid than those in the "up-down" direction (Chen, 2018). Additionally, prior research has 

172 indicated that Mandarin-speaking individuals tend to construct their timelines from left-up to right-

173 down (Hartmann et al., 2014; Sun et al., 2022). Consequently, Hypothesis 2b in this study posits 

174 that in the orientation task with cooperative intention, message senders may extend the motion 

175 time in correspondence with the target's left-up, right-up, left-down, and right-down orientation 

176 sequence to convey the target message to others effectively.

177 Materials & Methods
178 Participants.

179 Using MorePower6.0.4 to calculate the sample size. A sample of at least 60 is required for a 0.8 

180 probability to correctly reject the null hypothesis (power = 0.8) given a medium effect size (two-

181 tailed test, partial η2=0.06) for the 2 × 2 ×4 within-interaction. A total of 65 participants (36 males, 

182 Mage=20.06 years, SDage=2.80 years) were recruited from Tianjin Normal University. To control 

183 for individual differences, such as arm length and height, which could potentially impact the 

184 kinematic indices of participants' arm motion time and height, these attributes were equated before 

185 the experiment (Marm=68.22 cm, SDarm=4.87 cm; Mheight =169.66 cm, SDheight =9.42 cm). All 

186 participants were right-handed as determined by the Edinburgh Handedness Inventory (Oldfield, 

187 1971) and reported normal or corrected-to-normal vision and normal hearing. All participants 

188 spoke Mandarin. The participants signed prior informed consent before the experiment and 

189 received monetary compensation. The experimental protocol was approved by the ethics 

190 committee of Tianjin Normal University (No. 2021030809).

191 Experimental design.

192 This study employed a 2×2×4 within-subjects experimental design, incorporating the factors 

193 of cooperative intention (Coop vs. No-coop), task characteristic (distance vs. orientation), and 

194 target (T1, T2, T3, vs. T4). The dependent variables encompassed participants' keystroke 

195 responses and motion trajectory characteristics in each experimental condition, as elaborated upon 

196 in the Data Analysis section.

197 Apparatus.

198 The experimental program was developed, and the stimulus presentation was executed using 

199 Psychtoolbox 3.0 for MATLAB (2019a). The experimental stimuli were displayed on a Dell screen 

200 (Model U2417H, 24 inches in size, with a resolution of 1920 × 1080 pixels).
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201 Two sets of customized keyboards were employed as response devices, each consisting of 

202 five keys with a base size of 3 cm×3 cm. These keys were connected to transmission lines (each 1 

203 m in length) and were ultimately assembled on a motherboard to create a set of keyboards. Notably, 

204 each key on this keyboard could move freely.

205 For motion tracking, a Nokov optical 3D motion capture system (Mars 4H, NoKov 

206 Corporation, Beijing, China), manufactured by Beijing Nokov Science & Technology, was 

207 employed. A motion capture marker was affixed to the tip of the participant�s right index finger, 

208 and seven high-power HLED luminaires (sampling rate=100 Hz) were used to capture the motion 

209 trajectory of the fingertip (marker).

210 Experimental setup.

211 The participant was seated in the middle of the table (60 cm in length, 80 cm in width, and 

212 78 cm in height), and the screen was positioned 65 cm away from the participant. A customized 

213 keyboard was placed on the table with two types available: the distance keyboard and the 

214 orientation keyboard. On the distance keyboard, the starting key was situated 5 cm from the table's 

215 edge, and the intervals between T1, T2, T3, T4 and the starting key were 10 cm, 20 cm, 30 cm, 

216 and 40 cm, respectively. The diameters of the keycaps for the starting key, T1, T2, T3, and T4 

217 were 2 cm, 1 cm, 2 cm, 3 cm, and 4 cm, respectively. On the orientation keyboard, the starting key 

218 was positioned 25 cm away from the table's edge, with consistent 20 cm intervals between T1, T2, 

219 T3, T4, and the starting key. All keycaps had a diameter of 2 cm. Please refer to Fig.1 for a visual 

220 representation of the setup. This configuration was designed to ensure that regardless of the 

221 keyboard type, the coefficient of difficulty calculated by Fitts' law (Equation (1); Fitts, 1954; 

222 Vesper et al., 2017) for a participant moving from the starting key to each target key remained 

223 consistent at 4.32. Fitts' law evaluates the relationship between the coefficient of difficulty of the 

224 motion (ID) and the amplitude of the motion (A), target width (W).

225                                 Equation (1)ID = log2
2A

w

226 ------------------------------------------Insert Fig.1-----------------------------------------------

227 Tasks. 

228 Distance task. The distance task consisted of two variations, with and without cooperative 

229 intention. Both employed the distance keyboard.

230 In the distance task without cooperative intention, participants were tasked with completing 

231 a keystroke assignment based on the target cue presented on the screen by responding at a natural 

232 pace. This condition served as a baseline for participants' actions under various task targets. 

233 Participants were instructed to position the tip of their right index finger at the center of the starting 

234 key (starting posture) before each trial. At the beginning of each trial, a target key cue was 

235 presented in the center of the screen (2 s) with one of the four target keys highlighted in red. The 

236 red dot indicated the target. Following the target key cue presentation, a yellow "+" appeared on 

237 the screen, accompanied by a brief "bee" tone (200 ms) to signal the impending task initiation. 

238 When the yellow "+" and the "bee" sound vanished, the participants commenced the keystroke 

239 task. During the task, a white "+" was displayed on the screen, and participants were required to 

240 press the starting key followed by the designated target key (T1/T2/T3/T4). Pressing the starting 
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241 key triggered a "da" sound, while pressing the target key (T1/T2/T3/T4) resulted in a "di" sound. 

242 The dwell time of the "da" and "di" sounds was determined by the dwell time of the participant 

243 key press, as depicted in Fig. 2a. Subsequently, participants were instructed to return their fingers 

244 to the starting position. A total of 60 trials were conducted for this task, with 15 trials for each 

245 target (T1/T2/T3/T4). These 60 trials were randomly divided into 4 blocks, with randomized orders 

246 and intervals ranging from 16 to 24 seconds between blocks.

247 In the distance task with cooperative intention, each pair of participants collaborated to 

248 complete the task, with Participant A and Participant B working together to press the same target 

249 key. During each trial, only Participant A possessed knowledge of the target key's location; 

250 Participant B did not. Participant A was required to nonverbally convey the target key's location 

251 to Participant B during the key press. Subject B could hear the sound produced by the keys but 

252 could not observe the action. In this scenario, Participant A was real and Participant B was virtual. 

253 Participant A was told that Participant B was a stranger and a same-sex peer. To enhance the 

254 realism of the virtual participants, Participant A was informed before the experiment that 

255 Participant B was located in an adjacent lab. Additionally, the experimenter temporarily left the 

256 lab for 1-3 minutes before the experiment began and informed Participant A that she was checking 

257 on the readiness of the other lab. The primary distinction in the distance task with cooperative 

258 intention, compared to without cooperative intention, was the appearance of a prompt on the screen 

259 that read "Please wait for your partner to press the key" (1-3 s). This prompt was displayed after 

260 Participant A completed the motion and returned his or her finger to the starting position. 

261 Participant A was informed that his or her partner would press the key during this time. This 

262 prompt was introduced to enhance the realism of the virtual participants. 

263 Orientation task. The orientation tasks included two types, with and without cooperative 

264 intention. The tasks were the same as the distance task with and without cooperative intention, 

265 except for the use of the orientation keyboard. The flow of the orientation task with cooperative 

266 intention can be seen in Fig.2b.

267 ---------------------------------------------Insert Fig.2--------------------------------------------------

268 Procedure.

269 In the preparation phase, participants filled out the informed consent form, personal 

270 information form, and Edinburgh Handedness Inventory. The experimenter measured and 

271 recorded the participants' height and arm length and then affixed a motion capture marker to the 

272 fingertip of their right index finger.

273 Before the main experiment started, the participants completed four practice trials, one for 

274 each target key, to familiarize themselves with the procedure in the No-coop condition. To ensure 

275 that the participants fully understood the requirements, the formal experiment proceeded only after 

276 the participants successfully executed all four practice trials. During the formal experiment, the 

277 participants performed the task first in the No-coop condition and then in the Coop condition. This 

278 sequence was designed to prevent the Coop condition from influencing the motion performance 

279 of the No-coop condition. The sequences of the distance task and orientation task were 

280 counterbalanced between participants.
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281 After the end of the experiment, the participants filled out a questionnaire in which they were 

282 asked to explain how they solved the task. The questionnaire consisted of four questions: (1) What 

283 kind of person do you think your partner is? (2) Under the distance task with cooperative intention, 

284 how did you convey information to your partner, and what strategy did you use? (3) Under the 

285 orientation task with cooperative intention, how did you convey information to each other, and 

286 what strategies did you use? (4) Did you experience any discomfort or confusion during the entire 

287 experiment?

288 Data Analysis.

289 Keystroke Response. The key press responses of the participants were measured in this 

290 study to assess action characteristics at different stages and to evaluate overall action performance. 

291 The participants' dwell time (DT) on the target key, which represented the time from pressing to 

292 lifting the target key, and the participants' motion time (MT), representing the time from lifting the 

293 starting key to pressing the target key, served as metrics for assessing localized action 

294 characteristics. The participants' total motion time (TMT), representing the duration from pressing 

295 the starting key to lifting the target key, served as an assessment index for holistic action 

296 characteristics. After excluding invalid trials, each of the three indicators underwent a 2 (task 

297 characteristic: distance, orientation) × 2 (cooperative intention: Coop, No-coop) × 4 (target: T1, 

298 T2, T3, T4) repeated-measures ANOVA with Bonferroni correction and paired t-tests using SPSS 

299 (v.23.0). A statistical threshold of p<0.05 was considered significant.

300 To assess the quality of sensorimotor communication by message senders, this study also 

301 calculated the signal-to-noise ratio (SNRMT, SNRDT, SNRTMT) for the quality of message 

302 communication based on the participants' keystroke responses, as outlined in Equation (2).

303 SNR=                 (2)
�((��2 ‒ ��1),(��3 ‒ ��2),(��4 ‒ ��3))�(���1,���2,���3,���4)

304 MT1, MT2, MT3, and MT4 represent the average MT/DT/TMT of target keys T1, T2, T3, 

305 and T4, and SDT1, SDT2, SDT3, and SDT4 denote the MT/DT/TMT variability of target keys T1, 

306 T2, T3, and T4. The signal-to-noise ratios (SNRMT, SNRDT, SNRTMT) for the quality of message 

307 communication in the MT, DT, and TMT under different experimental conditions were subjected 

308 to 2 (cooperative intention: Coop, No-coop) × 2 (task characteristic: distance, orientation) 

309 repeated-measures ANOVA with Bonferroni correction and paired t-tests using SPSS (v.23.0). A 

310 statistical threshold of p<0.05 was considered significant. According to the previous hypothesis, it 

311 was observed that the space-time mapping relationships between the target key and the motion 

312 time under both the distance task and the orientation task with cooperative intention were 

313 prolonged in equal proportions with the changes in T1, T2, T3, and T4. Therefore, a larger SNR 

314 indicated that the way of communicating information was more aligned with the research 

315 hypotheses, resulting in improved quality of the message communication (Vesper et al., 2017).

316 Motion trajectory. It has been established in prior studies that sensorimotor communication 

317 by message senders not only alters motion time but may also adjust the maximum motion (Candidi 

318 et al., 2015). To comprehensively examine the sensorimotor communication of message senders, 

319 this study processed and analyzed motion capture data. Initially, trials featuring incorrect key 

320 presses and those lacking recorded motion capture markers were excluded. Subsequently, the 

PeerJ reviewing PDF | (2023:09:91023:2:0:NEW 5 Dec 2023)

Manuscript to be reviewed



321 motion capture data were preprocessed using Cortex 7.0 software to obtain the motion trajectory 

322 of the motion capture marker under each experimental condition, represented as 3D coordinates. 

323 Next, a self-programmed script in MATLAB (2019a) was employed to calculate the maximum 

324 motion height (MAXMH) between the participants' starting key press and the target key lift for each 

325 experimental condition. Finally, a 2 (task characteristic: distance, orientation) × 2 (cooperative 

326 intention: Coop, No-coop) × 4 (target: T1, T2, T3, T4) repeated-measures ANOVA with 

327 Bonferroni correction and paired t-tests were conducted using SPSS (v.23.0). A statistical 

328 threshold of p<0.05 was considered significant. 

329 Questionnaire. The strategies within the distance task with cooperative intention and the 

330 orientation task with cooperative intention in the questionnaire were categorized. Furthermore, a 

331 data-driven approach was used to cluster analyze the SNR of the most effective indicators in the 

332 orientation task with cooperative intention. This was done to investigate whether participants 

333 established a space-time mapping relationship between task targets and participant actions at the 

334 subjective level of consciousness.

335 Furthermore, to ensure the reliability of the statistical results, this study conducted Bayesian 

336 repeated-measures ANOVA (Wang et al., 2023) on the aforementioned indicators using JASP 

337 (0.17), as outlined in the supplementary materials. The results of the two statistical analyses 

338 mentioned above were found to be relatively consistent.

339 Results

340 Data preparation.

341 Trials that did not align with the experimental requirements were excluded, encompassing 

342 two specific criteria: (1) trials in which the key was not pressed in accordance with the target 

343 information presented on the screen, and (2) trials in which the target key was pressed before the 

344 starting tone ("bee") appeared. Invalid data, amounting to 0.25% of the total, were discarded. 

345 Furthermore, data that adhered to the experimental requirements but fell beyond the range of ±3 

346 standard deviations from the mean of the conditions were categorized as extreme data. These 

347 extreme data points, which ranged from 0% to 2.88% for each indicator, were replaced with the 

348 mean value.

349 Keystroke responses.

350 Whole indicator analysis. A 2 (task characteristic: distance, orientation) × 2 (cooperative 

351 intention: Coop, No-coop) × 4 (target: T1, T2, T3, T4) repeated-measures ANOVA was conducted 

352 on both holistic and localized indicators. Significantly, the third-order interaction of task 

353 characteristic, cooperative intention, and the target was observed solely in total motion time and 

354 target key dwell time, as illustrated in Fig.3. This implied that both total motion time and target 

355 key dwell time served as indicators of the message sender's sensorimotor communication 

356 performance. As the questionnaire strategy indicated that participants conveyed messages through 

357 target key dwell time, the subsequent analysis primarily focused on presenting the results related 

358 to target key dwell time. Detailed results for motion time and total motion time were provided in 

359 the supplementary materials.

360 ------------------------------------------------Insert Fig.3-------------------------------------------
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361 Dwell time of target keys. A 2 (task characteristic: distance, orientation) × 2 (cooperative 

362 intention: Coop, No-coop) × 4 (target: T1, T2, T3, T4) repeated-measures ANOVA was conducted 

363 on the dwell time of the target key, and the results were displayed in Fig.4. The analysis revealed 

364 the following significant effects and interactions: The main effect of cooperative intention was 

365 significant, F(1, 64) =164.77, p<0.001, partial η2 =0. 72. The main effect of target was significant, 

366 F(1.56, 100.05) =59.19, p<0.001, partial η2 =0.48. The interaction of cooperative intention and target 

367 was significant, F(1.56, 100.06)=59.58, p<0.001, partial η2=0.48. The interaction of task characteristic 

368 and target was significant, F(2.09, 133.42) =10.10, p<0.001, partial η2=0.14. The triple interaction of 

369 task characteristic, cooperative intention, and the target was significant, F(2.07, 132.61)=11.08, 

370 p<0.001, partial η2=0.15. Further analysis revealed specific patterns: Target key dwell times for 

371 T1, T2, and T3 were greater than for T4 (ps<0.001) under the distance task without cooperative 

372 intention. T1 target key dwell time was smaller than T2, T3, and T4 (ps< 0.001) under the 

373 orientation task without cooperative intention. Target key dwell time for T1, T2, T3, and T4 

374 increased sequentially (ps < 0.001) under the distance task with cooperative intention. Target key 

375 dwell time for T1, T2, T3, and T4 showed a trend of sequential increase under the orientation task 

376 with cooperative intention. But there was no significant difference between T3 and T4 (p>0.05), 

377 while the other two-by-two differences were significant (ps< 0.05) under the orientation task with 

378 cooperative intention. Comparisons between different conditions also yielded significant findings: 

379 The target key dwell time of T1 under the distance task without cooperative intention was greater 

380 than T1 under the orientation task without cooperative intention (p< 0.001). The target key dwell 

381 time of T4 under the distance task without cooperative intention was smaller than T4 under the 

382 orientation task without cooperative intention (p= 0.004). The target key dwell time of T1 under 

383 the distance task with cooperative intention was smaller than T1 under the orientation task with 

384 cooperative intention (p= 0.006). The target key dwell time of T4 under the distance task with 

385 cooperative intention was greater than T4 under the orientation task with cooperative intention (p< 

386 0.001), while the remaining differences between experimental conditions were not significant (ps 

387 > 0.05). The results of the Bayesian repeated-measures ANOVA were generally consistent with 

388 these findings.

389 -------------------------------------------Insert Fig.4--------------------------------------------------

390 Note: Straight lines indicate standard errors in all the figures.

391 Variability of target key dwell time. To thoroughly investigate the sensorimotor 

392 communication performance of message senders, this study further calculated the variability of 

393 target key DT (SDDT) under different conditions and analyzed it using a repeated-measures 

394 ANOVA with a 2 (task characteristic: distance, orientation) × 2 (cooperation intention: Coop, No-

395 coop) × 4 (target: T1, T2, T3, T4) design. The results revealed: A significant main effect of 

396 cooperative intention, F(1, 64) = 195.92, p<0.001, partial η2 = 0. 75. A significant main effect of the 

397 target, F(2.24, 143.18) = 40.00, p<0.001, partial η2 = 0.39. A significant interaction between 

398 cooperative intention and target, F(2.25, 144.18) = 40.16, p<0.001, partial η2=0.39. The interaction of 

399 task characteristic and target was significant, F(2.05, 130.92) = 3.11, p=0.047, partial η2=0.05. The 

400 triple interaction of task characteristic, cooperative intention, and target was significant, F(2.01, 
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401 128.53) = 3.43, p=0.04, partial η2=0.05. Subsequent simple effect analyses indicated: that SDDT for 

402 T1, T2, T3, and T4 was not significant (ps> 0.05) for the distance task without cooperative 

403 intention and the orientation task without cooperative intention. SDDT for T1, T2, T3, and T4 

404 increased sequentially (ps < 0.05) for the distance task with cooperative intention. SDDT for T1 

405 was smaller than T2, T3, and T4 for the orientation task with cooperative intention, and T2's SDDT 

406 was smaller than T4 (ps < 0.05), as shown in Figure 5. However, the Bayesian repeated-measures 

407 ANOVA did not find an interaction between task characteristic and target, and a triple interaction 

408 between task characteristic, cooperative intention, and target, and the rest of the findings were 

409 consistent with the above results.

410 Combining Fig.4 and Fig.5, it was observed that the longer the dwell time of the target key, 

411 the greater the variability observed in both distance and orientation tasks with cooperative 

412 intention.

413 -------------------------------------------Insert Fig.5---------------------------------------------

414 Quality of the message communication for target key dwell time. The SNRDT of target 

415 key dwell time was analyzed by a 2 (task characteristic: distance, orientation) × 2 (cooperation 

416 intention: Coop, No-coop) repeated-measures ANOVA. The results indicated: A significant main 

417 effect of cooperative intention, F(1, 64) = 90.41, p < 0.001, partial η2 =0.59. A significant main effect 

418 of task characteristic, F(1, 64) =11.89, p = 0.001, partial η2 = 0.16. A significant interaction between 

419 cooperative intention and task characteristic, F(1, 64)= 23.39, p<0.001, partial η2=0.27. Subsequent 

420 simple effects analyses revealed that: SNRDT was greater under the distance task with cooperative 

421 intention than without cooperative intention (p < 0.001). SNRDT was greater under the orientation 

422 task with cooperative intention than without cooperative intention (p < 0.001). For the distance 

423 task without cooperative intention, SNRDT was smaller than for the orientation task without 

424 cooperative intention (p < 0.001). SNRDT under the distance task with cooperative intention was 

425 greater than under the orientation task with cooperative intention (p < 0.001), as depicted in Fig.6. 

426 The results of the Bayesian repeated-measures ANOVA were in perfect agreement with these 

427 findings.

428 --------------------------------------------Insert Fig.6------------------------------------------------

429 Movement trajectory. 

430 A repeated-measures ANOVA with a 2 (task characteristic: distance, orientation) × 2 

431 (cooperative intention: Coop, No-coop) × 4 (target: T1, T2, T3, T4) design was conducted on the 

432 maximum motion height (MAXMH) from starting key press to target key lift. The results, as 

433 presented in Fig.7, revealed the following: A significant main effect of cooperative intention, F(1, 

434 63)=13.50, p<0.001, partial η2=0.18. A significant main effect of target, F(2.69, 169.17)=163.07, 

435 p<0.001, partial η2 =0.721. A significant interaction between cooperative intention and target, 

436 F(2.52, 158.54)=5.72, p=0.002, partial η2=0.08. A significant interaction between task characteristic 

437 and target, F(2.52,158.54)=5.72, p=0.002, partial η2=0.71. A significant triple interaction between task 

438 characteristic, cooperative intention, and target, F(2.93, 184.26) =3.57, p=0.016, partial η2=0.05. 

439 Subsequent simple effects analyses revealed: that MAXMH for T1, T2, T3, and T4 all sequentially 

440 increased (ps< 0.05) under both the distance task with and without cooperative intention. MAXMH 
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441 for T1, T2, and T3 with cooperative intention was greater (ps < 0.05) than without cooperative 

442 intention. Under the orientation task, both with and without cooperative intention, the MAXMH of 

443 T3 was smaller than T1, T2, and T4 (ps< 0.05). The MAXMH of T1 was smaller than T4 with 

444 cooperative intention (p < 0.001), and the MAXMH of T2, T3, and T4 was larger with cooperative 

445 intention than without cooperative intention (ps< 0.05). The results of the Bayesian-based analysis 

446 largely corroborated these findings.

447 -------------------------------------------Insert Fig.7----------------------------------------------

448 Questionnaire. 

449 Through the organization of the questionnaire, 76.92% of the participants (50 persons) under 

450 distance task with cooperative intention extended their dwell time in proportion to the spatial 

451 distance information of the target key, drawing upon their previous sensory-motor experiences to 

452 establish a space-time mapping relationship between the task's spatial distance and their motion 

453 characteristic (target key dwell time). This resulted in a sequential increase in the target key dwell 

454 time for T1, T2, T3, and T4. 

455 However, in the orientation task with cooperative intention, 47.69% of the participants (31 

456 individuals) connected the four target locations in the order of left-up, right-up, left-down, and 

457 right-down according to embodied simulation and verbal metaphors. They increased the target key 

458 dwell time of T1, T2, T3, and T4 sequentially to establish the space-time mapping relationship. 

459 This strategy was defined as strategy 1 (as shown in Figure 8a). Additionally, 15.38% of the 

460 participants (10 individuals) employed a strategy where they established space-time mapping in 

461 clockwise order, connecting the four target positions in clockwise order and increasing the target 

462 key dwell time in turn. This strategy was labeled as Strategy 2 (Figure 8b). Meanwhile, 9.23% of 

463 the participants (6 individuals) employed a counterclockwise order strategy, connecting the four 

464 target positions in counterclockwise order and sequentially increasing the target key dwell time. 

465 This strategy was defined as strategy 3 (Figure 8c). The remaining participants (23.08%, 15 

466 individuals) used other strategies. Through K-center clustering analysis of target key dwell time 

467 SNRDT, it was found that the index could be divided into four categories, corresponding to 12, 26, 

468 16, and 11 cases, respectively. The corresponding clustering centers were 5.48, 2.98, 0.06, and -

469 3.40, respectively, and the differences between the four categories were statistically significant (F 

470 (3,61) =222.41, p<0.001). Combining the questionnaire results with the cluster analysis, it was 

471 observed that 87.10% of the participants who chose strategy 1 in the questionnaire were clustered 

472 into categories 1 and 2.

473 --------------------------------------------Insert Fig.8---------------------------------------

474 Discussion

475 Building upon prior research, this study devised two asymmetric joint action tasks 

476 characterized by distinct spatial characteristics. It aimed to investigate the factors that drive 

477 sensorimotor communication in message senders by comparing different conditions. The findings 

478 revealed the following insights. (1) Compared to conditions without cooperative intention, 

479 participants with cooperative intention exhibited significant increases in target key dwell time, 

480 motion time, total motion time, and maximum motion height. However, sensorimotor 
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481 communication was primarily demonstrated through enhancements in target key dwell time. (2) 

482 In the distance task without cooperative intention, the dwell time of T4 is smaller than T1, T2, T3, 

483 and in the orientation task without cooperative intention, the dwell time of T1 is smaller than T2, 

484 T3, T4. Regardless of whether the distance task or orientation task was completed, there were no 

485 differences in the variability of dwell times of the four target keys without cooperative intention. 

486 Regardless of whether distance tasks or orientation tasks under cooperative intention, however, 

487 the dwell time of the target keys and their variability for T1, T2, T3, and T4 displayed a sequential 

488 increasing trend. In essence, a longer dwell time for the target key was associated with greater 

489 variability. (3) The quality of message communication related to target key dwell time and total 

490 motion time was superior with cooperative intention compared to conditions without cooperative 

491 intention in both distance and orientation tasks. Notably, the results were significantly more 

492 pronounced in the distance task with cooperative intention than in the orientation task with 

493 cooperative intention. (4) In the distance task with cooperative intention, nearly 80.00% of 

494 message senders established a space-time mapping based on sensory-motor experiences, 

495 characterized by "near-small, far-large". Conversely, in the orientation task with cooperative 

496 intention, nearly 50.00% of the message senders extended the dwell time of the target key in the 

497 order of "left-up, right-up, left-down, right-down".

498 Sensorimotor communication for message senders with cooperative intention conditions

499 Prior research has shown that sensorimotor communication is widely present in cooperation. 

500 (Vesper & Sevdalis, 2020). This aligns with the current study's discovery of significant disparities 

501 in the temporal characteristics (target key dwell time, motion time, and total motion time) and 

502 trajectory characteristics (maximum motion height) of message senders' actions when cooperative 

503 intention is present compared to when it is absent. However, it is essential to note that the 

504 dissimilarity in motion induced by cooperative intention does not necessarily equate to 

505 sensorimotor communication. For instance, the current study did not identify a third-order 

506 interaction among cooperative intention, task characteristics, and the target in terms of motion 

507 time. However, this interaction was observed in relation to the target key dwell time, total motion 

508 time, and maximum motion height of the target key. This suggests that sensorimotor 

509 communication by message senders may be reflected in these three motion characteristics.

510 In this study, the condition of cooperative intention was designed as a pseudocooperative task. 

511 It was explicitly conveyed to the message senders that the message receivers could hear their key 

512 presses but could not observe their motions. Notably, the message senders were unable to convey 

513 messages to their partners by altering the maximum motion height. The results indicated that 

514 message senders with cooperative intention exhibited higher maximum motion height compared 

515 to those without cooperative intention in both the distance and orientation tasks. However, the 

516 patterns of change in the four target locations with and without cooperative intentions were very 

517 similar. These differences may therefore stem from variations in the instrumental actions 

518 associated with the target key as well as generalized effects arising from cooperative intention. 

519 Consequently, sensorimotor communication by message senders is primarily expressed through 

520 the dwell time and total motion time of the target key.
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521 However, it is worth noting that total motion time might not be the most accurate indicator of 

522 sensorimotor communication. Total motion time is a holistic metric that encompasses multiple 

523 phases of motion and is influenced by various factors. An examination revealed that when the 

524 proportion of target key dwell time in total motion time was removed, the results closely resembled 

525 the patterns observed in maximum motion height. This implies that sensorimotor communication 

526 within total motion time is mainly reflected in the target key dwell time. Additionally, the findings 

527 from the strategy questionnaire further corroborated the finding that message senders primarily 

528 rely on target key dwell times for communication.

529 In summary, it is evident that sensorimotor communication is indeed contingent on 

530 cooperative intention, but it is not evident across all phases of motion. Previous studies, such as 

531 those conducted by Vesper et al. (2014) and Laroche et al. (2022), have primarily explored the 

532 dissociation of specific motion phases induced by sensorimotor communication. In contrast, the 

533 present study offers a comprehensive evaluation of sensorimotor communication performance by 

534 message senders, encompassing local and holistic as well as temporal and trajectory perspectives. 

535 Consequently, the relationship between sensorimotor communication and cooperative intention is 

536 more robust and dependable.

537 Sensorimotor communication performance of message senders in different task 

538 characteristics.

539 Sensorimotor communication performance of message senders in a distance task with 

540 cooperative intention. The current study revealed that in a distance task with cooperative 

541 intention, message senders extended their target key dwell time proportionally to the spatial 

542 distance of the task target, in alignment with Hypothesis 2a. These findings were in line with prior 

543 research (Vesper et al.,2017; Castellotti et al.,2022; Chen et al., 2021). The theoretical framework 

544 of embodied cognition suggests that an individual's understanding of the world commences with 

545 bodily perception. The construction and comprehension of abstract concepts rely on sensorimotor 

546 experiences and involve an automated perceptual simulation process (Wang et al., 2020; Ye et 

547 al.,2019； di Paolo, 2018; Li,2008). When individuals process abstract concepts, their prior 

548 sensorimotor experiences are automatically activated, potentially influencing their current action 

549 performance. Therefore, in a distance task with cooperative intention, when message senders 

550 engaged with the task target, the distance information associated with the target triggered previous 

551 sensorimotor experiences. This, in turn, prompted individuals to simulate their action performance, 

552 resulting in prolonged dwell time for the target key as the distance increased. Consequently, they 

553 effectively conveyed task target information to others.

554 Furthermore, the present study demonstrated that the variability in message senders' target 

555 key dwell time progressively increased from T1 to T4 in both distance and orientation tasks. This 

556 finding was consistent with prior research (Castellotti et al., 2022). Notably, individual differences 

557 in estimating shorter durations were significantly smaller than for longer durations (Huang, 2022).

558 Performance of sensorimotor communication by message senders in an orientation task 

559 with cooperative intention. In the orientation task with cooperative intention, message senders 

560 extended the target key dwell time proportionally to the orientation sequence of target positions, 
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561 left-up, right-up, left-down, and right-down, to effectively convey their message. This observation 

562 aligned with Hypothesis 2b. The questionnaire responses further indicated that 47.69% of the 

563 participants consciously established this space-time mapping relationship, providing support for 

564 the hypothesis. Furthermore, the variability in target key dwell time also increased as the dwell 

565 time was extended, which was consistent with previous research findings (Castellotti et al., 2022; 

566 Huang, 2022).

567 Previous studies in the field of the Space-Time Association of Response Codes (STARC) 

568 have identified mental timelines associated with the "left-right" and "up-down" orientations 

569 (Casasanto & Bottini, 2014; He et al., 2021). However, these investigations primarily explored the 

570 space-time mapping relationship from a one-dimensional spatial perspective. The current study 

571 extended this understanding by providing empirical evidence for a two-dimensional STARC 

572 effect. Specifically, individuals perceived time as passing least quickly in the left-up position, 

573 followed by the right-up and the left-down, with the longest duration in the right-down position. 

574 Prior research has also noted that individuals exhibit a more pronounced STARC effect in the 

575 horizontal direction than in the vertical direction. In this context, the mental timeline effect 

576 associated with the horizontal direction tended to dominate between the two mental timelines 

577 (Yang et al., 2016). Researchers have observed that individuals typically associate the left-up 

578 position with shorter durations and the right-down position with longer durations (Sun et al., 2022).

579  Comparison of sensorimotor communication for message senders with different task 

580 characteristics. Previous research has indicated that various factors, such as gender and emotional 

581 state (Zhao et al., 2020) as well as role (Candidi et al., 2015), influence the dynamics of 

582 sensorimotor communication among interacting parties. The current study extended this body of 

583 research by revealing that task characteristics also exerted an impact on individuals' sensorimotor 

584 communication. Specifically, the study showed that target key dwell time, exhibited by message 

585 senders during both distance and orientation tasks with cooperative intention progressively 

586 increased from T1 to T4. However, a subtle distinction emerged between these two task types. 

587 Notably, for T1, the target key dwell time was significantly shorter during the distance task than 

588 during the orientation task. Conversely, for T4, the opposite trend was observed. These differences 

589 underscore the influence of task characteristics on sensorimotor communication.

590 Furthermore, the quality of the message communication for target key dwell time was higher 

591 in the distance task with cooperative intention compared to the orientation task with cooperative 

592 intention. Specifically, the distance-time mapping relationship established by individuals based on 

593 their sensorimotor experiences appeared to be relatively clear during the distance task with 

594 cooperative intention and was characterized by more consistent and proportionally varying 

595 temporal responses across different target distances. In contrast, during the orientation task with 

596 cooperative intention, although an orientation-time mapping relationship was evident and 

597 exhibited a gradual increase from left-up, right-up, left-down, to right-down, it lacked a specific 

598 representation of different orientations, resulting in a less clear and proportionally varying 

599 temporal response.

600 Strategies for sensorimotor communication by message senders in different tasks.
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601 The strategies employed by message senders with cooperative intention differed depending 

602 on the task at hand. In the distance task with cooperative intention, 76.92% of message senders 

603 prioritized conveying target information through sensorimotor experience. This manifested as a 

604 sequential increase in the target key dwell time for T1, T2, T3, and T4. Conversely, in the 

605 orientation task with cooperative intention, message senders utilized a more varied set of strategies 

606 to convey information. Three additional strategies emerged in this task: associating the orientation 

607 of the four target keys with dwell time in the sequence of left-up, right-up, left-down, right-down, 

608 following either a clockwise or counterclockwise order, and increasing the target key dwell time 

609 accordingly. Among these strategies, the most frequently used strategy was the first, which 

610 combined sensorimotor experience and verbal metaphors, accounting for approximately 50%. This 

611 indicated that at the group level when the task allowed for it, message senders typically established 

612 space-time mappings rooted in their sensorimotor experiences. Importantly, the formation of these 

613 space-time mapping relationships by message senders was not predetermined with message 

614 receivers but emerged spontaneously within group dynamics (Grasso et al., 2022). This finding 

615 underscored the substantial influence of previous sensorimotor experiences on group behavior 

616 (Zhang et al., 2022).

617 Limitations and Outlook. 

618 This study successfully controlled for the objective difficulty of different target keys 

619 according to Fitts' law (1954). However, it is worth noting that specific performance variations 

620 emerged in motion time between the four target positions in both the distance and orientation tasks 

621 without cooperative intention. These differences might be attributed to variations in the ease of 

622 pressing the actual target keys. Consequently, future research should consider not only the 

623 objective difficulty of key presses but also the influence of individual physical limitations. In 

624 addition, the present study only examined the space-time mapping relationship of sensorimotor 

625 communication in Mandarin-speaking participants. Culture may have an impact on the space-time 

626 mapping relationship. Future studies could also examine the space-time mapping relationship of 

627 sensorimotor communication across cultures. Furthermore, the neural underpinnings of 

628 sensorimotor communication remain largely unexplored. Future investigations could utilize 

629 advanced techniques such as functional nuclear magnetic resonance (fMRI) to pinpoint the specific 

630 brain regions or networks involved in sensorimotor communication. Additionally, employing 

631 methods such as event-related potential (ERP) and functional near-infrared spectroscopy (fNIRS) 

632 could shed light on the interbrain mechanisms underlying sensorimotor communication within real 

633 communication contexts. These advancements will contribute to a more comprehensive 

634 understanding of the phenomenon.

635

636 Conclusions

637 (1) Compared to situations without cooperative intention, when cooperative intention is 

638 present, message senders tend to exaggerate certain kinematic characteristics during various 

639 motion phases as a means to facilitate sensorimotor communication. Notably, the primary aspect 

640 through which sensorimotor communication is expressed is the dwell time of the target key. 
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641 (2) Sensorimotor communication primarily relies on the mapping relationship between the 

642 task target and the message sender's motion characteristics, as exemplified by: In the distance task 

643 with cooperative intention, message senders predominantly utilize the sensorimotor experience of 

644 "near-small, far-large" to convey task information. Conversely, in the orientation task with 

645 cooperative intention, message senders primarily utilize a combination of "left-up, right-up, left-

646 down, right-down" sensorimotor experiences along with verbal metaphors to convey task 

647 information.
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Figure 1
Figure 1 Schematic illustration of the experimental setup for distance task(left), and for
orientation task(right).
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Figure 2
Figure 2 Flowchart of distance task without cooperative intention(a) and orientation task
with cooperative intention(b).
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Figure 3
Figure 3 The results of the analysis of holistic and localized indicators.

Coop ME represented the main effect of cooperative intention; Task ME represented the main
effect of task characteristic; Target ME represented the main effect of the target; Coop*Task
IE represented the interaction between cooperative intention and task characteristic;
Coop*Target IE represented the interaction between cooperative intention and the target;
Task*Target IE represented the interaction between task characteristic and the target;
Coop*Task*Target represented the third-order interaction of cooperative intention, task
characteristic, and the target. Yellow portions in the figure indicated significant differences,
while gray portions indicated no significant differences.
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Figure 4
Figure 4 Dwell time of target keys under different conditions.
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Figure 5
Figure 5 Variability of target key dwell time under different conditions.
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Figure 6
Figure 6 Quality of signal exchange for different conditions of target key dwell time.

PeerJ reviewing PDF | (2023:09:91023:2:0:NEW 5 Dec 2023)

Manuscript to be reviewed



Figure 7
Figure 7 Maximum movement height for different conditions MAXMH.
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Figure 8
Figure 8 Sensorimotor communication strategies of message senders under orientation
task with cooperative intention.
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