Study 2a — Interactional presence along X (T1–T2)
1. Aim and inferential structure
This analysis compares the displacement of interactional presence along the X-axis between Session 1 (S1) and Sessions 2–3 (S2/S3) for Tasks T1 and T2.
The analysis is hierarchical. PXpi is used only to construct a weighted position descriptor within each participant and trial. Participant-level descriptors are then averaged within dyads, trials are averaged within each session, and S2 and S3 are finally averaged with equal weight. Statistical inference is performed at the dyad level, not at the level of position bins or weighted presence counts.
The 20° and 30° bias conditions were assigned to different dyads in Study 2; therefore, Bias is a between-dyad factor. Session is repeated within dyads.
The directional prediction is: - Right instruction (R): displacement should be more positive in S2/S3 than in S1. - Left instruction (L): displacement should be more negative in S2/S3 than in S1.
Note on Subject C
In the dataset, Subject = C is a pseudo-subject used for computational convenience. It represents the intersection point of participants A’s and B’s action spaces, whose X-position can change as a consequence of their movements along Y. C is not a participant and is therefore excluded from all participant- and dyad-level analyses in this section.
2. Data loading and cleaning
data_raw <- read.csv2("Study2_Data_a.csv", stringsAsFactors = FALSE)

data <- data_raw %>%
  mutate(
    Binome      = as.character(Binome),
    Trial       = as.character(Trial),
    Instruction = toupper(str_squish(as.character(Instruction))),
    Session     = toupper(str_squish(as.character(Session))),
    Subject     = toupper(str_squish(as.character(Subject))),
    Task        = toupper(str_squish(as.character(Task))),
    Bias        = suppressWarnings(as.integer(as.character(Bias))),
    DisX        = suppressWarnings(as.numeric(gsub(",", ".", as.character(DisX)))),
    PXpi        = suppressWarnings(as.numeric(gsub(",", ".", as.character(PXpi))))
  ) %>%
  filter(
    Session %in% c("S1", "S2", "S3"),
    Instruction %in% c("R", "L"),
    Task %in% c("T1", "T2"),
    Bias %in% c(20L, 30L),
    Subject %in% c("A", "B"),
    is.finite(DisX),
    is.finite(PXpi),
    PXpi >= 0,
    DisX > -1800,
    DisX < 1800
  )

knitr::kable(
  data %>%
    summarise(
      rows = n(),
      dyads = n_distinct(Binome),
      subjects = paste(sort(unique(Subject)), collapse = ", "),
      sessions = paste(sort(unique(Session)), collapse = ", "),
      tasks = paste(sort(unique(Task)), collapse = ", "),
      biases = paste(sort(unique(Bias)), collapse = ", ")
    ),
  caption = "Analysis dataset after filtering"
)
Analysis dataset after filtering
	rows
	dyads
	subjects
	sessions
	tasks
	biases

	289979
	45
	A, B
	S1, S2, S3
	T1, T2
	20, 30


The boundary values DisX = -1800 and DisX = +1800 are excluded before any descriptor is computed, because these edge values correspond to invalid/extreme boundary positions that should not enter the analysis.
3. Check the experimental structure
structure_check <- data %>%
  distinct(Binome, Session, Task, Trial, Bias, Instruction) %>%
  count(Session, Task, Bias, Instruction, name = "dyad_trials") %>%
  arrange(Task, Bias, Instruction, Session)

knitr::kable(
  structure_check,
  caption = "Observed dyad-trials by Session × Task × Bias × Instruction"
)
Observed dyad-trials by Session × Task × Bias × Instruction
	Session
	Task
	Bias
	Instruction
	dyad_trials

	S1
	T1
	20
	L
	44

	S2
	T1
	20
	L
	44

	S3
	T1
	20
	L
	44

	S1
	T1
	20
	R
	44

	S2
	T1
	20
	R
	44

	S3
	T1
	20
	R
	44

	S1
	T1
	30
	L
	46

	S2
	T1
	30
	L
	46

	S3
	T1
	30
	L
	46

	S1
	T1
	30
	R
	46

	S2
	T1
	30
	R
	46

	S3
	T1
	30
	R
	46

	S1
	T2
	20
	L
	22

	S2
	T2
	20
	L
	22

	S3
	T2
	20
	L
	22

	S1
	T2
	20
	R
	22

	S2
	T2
	20
	R
	22

	S3
	T2
	20
	R
	22

	S1
	T2
	30
	L
	23

	S2
	T2
	30
	L
	23

	S3
	T2
	30
	L
	23

	S1
	T2
	30
	R
	23

	S2
	T2
	30
	R
	23

	S3
	T2
	30
	R
	23


bias_check <- data %>%
  distinct(Binome, Bias) %>%
  count(Binome, name = "n_bias_levels")

stopifnot(all(bias_check$n_bias_levels == 1))
4. Participant × trial weighted mean position
For each participant and trial, the interactional mean position is

PXpi therefore weights positions within the participant/trial only. It is not used to give greater inferential weight to trials, sessions, or dyads with more interactional presence.
participant_trial <- data %>%
  group_by(Binome, Session, Task, Bias, Instruction, Trial, Subject) %>%
  summarise(
    total_PXpi = sum(PXpi, na.rm = TRUE),
    wmean_DisX = ifelse(
      total_PXpi > 0,
      sum(DisX * PXpi, na.rm = TRUE) / total_PXpi,
      NA_real_
    ),
    .groups = "drop"
  )

knitr::kable(
  head(participant_trial, 12),
  digits = 3,
  caption = "Example participant × trial weighted mean positions"
)
Example participant × trial weighted mean positions
	Binome
	Session
	Task
	Bias
	Instruction
	Trial
	Subject
	total_PXpi
	wmean_DisX

	B1
	S1
	T1
	30
	L
	E2
	A
	132
	-49.697

	B1
	S1
	T1
	30
	L
	E2
	B
	170
	-54.706

	B1
	S1
	T1
	30
	L
	E3
	A
	67
	0.000

	B1
	S1
	T1
	30
	L
	E3
	B
	67
	-0.597

	B1
	S1
	T1
	30
	R
	E1
	A
	54
	0.000

	B1
	S1
	T1
	30
	R
	E1
	B
	52
	2.308

	B1
	S1
	T1
	30
	R
	E4
	A
	178
	226.742

	B1
	S1
	T1
	30
	R
	E4
	B
	9
	260.000

	B1
	S1
	T2
	30
	L
	E1
	A
	640
	-67.719

	B1
	S1
	T2
	30
	L
	E1
	B
	509
	-61.965

	B1
	S1
	T2
	30
	R
	E2
	A
	688
	74.128

	B1
	S1
	T2
	30
	R
	E2
	B
	730
	41.616


5. Participant descriptors → dyad-trial descriptors
A and B are not treated as independent replications. Importantly, PXpi is defined separately for each participant: a participant is classified as being in an interactional sequence when successive sensory stimuli caused by the partner are separated by less than two seconds. Because of the structural bias, this criterion can be satisfied for A but not for B, or vice versa.
Consequently, a participant with sum(PXpi) = 0 has no defined interactional mean position for that trial, but this does not invalidate the interactional descriptor of the other participant. The dyad-trial descriptor is therefore constructed as follows:
· if both A and B have a defined interactional mean position, their two values are averaged with equal weight;
· if only A has a defined value, A’s value is retained;
· if only B has a defined value, B’s value is retained;
· if neither participant has a defined value, the dyad-trial descriptor is undefined (NA).
This rule preserves participant-specific interactional information without pooling or summing the PXpi distributions of A and B.
dyad_trial <- participant_trial %>%
  group_by(Binome, Session, Task, Bias, Instruction, Trial) %>%
  summarise(
    A_value = {
      z <- wmean_DisX[Subject == "A"]
      if (length(z) == 0) NA_real_ else z[1]
    },
    B_value = {
      z <- wmean_DisX[Subject == "B"]
      if (length(z) == 0) NA_real_ else z[1]
    },
    A_total_PXpi = {
      z <- total_PXpi[Subject == "A"]
      if (length(z) == 0) NA_real_ else z[1]
    },
    B_total_PXpi = {
      z <- total_PXpi[Subject == "B"]
      if (length(z) == 0) NA_real_ else z[1]
    },
    .groups = "drop"
  ) %>%
  mutate(
    n_participants = rowSums(cbind(is.finite(A_value), is.finite(B_value))),
    descriptor_source = case_when(
      is.finite(A_value) & is.finite(B_value) ~ "A+B",
      is.finite(A_value) & !is.finite(B_value) ~ "A only",
      !is.finite(A_value) & is.finite(B_value) ~ "B only",
      TRUE ~ "Neither"
    ),
    dyad_trial_DisX = case_when(
      descriptor_source == "A+B" ~ (A_value + B_value) / 2,
      descriptor_source == "A only" ~ A_value,
      descriptor_source == "B only" ~ B_value,
      TRUE ~ NA_real_
    )
  )

source_diagnostic <- dyad_trial %>%
  count(Task, Bias, Instruction, Session, descriptor_source, name = "n_dyad_trials") %>%
  arrange(Task, Bias, Instruction, Session, descriptor_source)

knitr::kable(
  source_diagnostic,
  caption = "Diagnostic: source of each dyad-trial descriptor (A+B, A only, B only, or neither)"
)
Diagnostic: source of each dyad-trial descriptor (A+B, A only, B only, or neither)
	Task
	Bias
	Instruction
	Session
	descriptor_source
	n_dyad_trials

	T1
	20
	L
	S1
	A only
	4

	T1
	20
	L
	S1
	A+B
	28

	T1
	20
	L
	S1
	B only
	3

	T1
	20
	L
	S1
	Neither
	9

	T1
	20
	L
	S2
	A only
	3

	T1
	20
	L
	S2
	A+B
	33

	T1
	20
	L
	S2
	B only
	6

	T1
	20
	L
	S2
	Neither
	2

	T1
	20
	L
	S3
	A+B
	41

	T1
	20
	L
	S3
	B only
	1

	T1
	20
	L
	S3
	Neither
	2

	T1
	20
	R
	S1
	A only
	2

	T1
	20
	R
	S1
	A+B
	32

	T1
	20
	R
	S1
	B only
	5

	T1
	20
	R
	S1
	Neither
	5

	T1
	20
	R
	S2
	A only
	3

	T1
	20
	R
	S2
	A+B
	37

	T1
	20
	R
	S2
	B only
	1

	T1
	20
	R
	S2
	Neither
	3

	T1
	20
	R
	S3
	A only
	2

	T1
	20
	R
	S3
	A+B
	38

	T1
	20
	R
	S3
	B only
	2

	T1
	20
	R
	S3
	Neither
	2

	T1
	30
	L
	S1
	A only
	5

	T1
	30
	L
	S1
	A+B
	34

	T1
	30
	L
	S1
	B only
	1

	T1
	30
	L
	S1
	Neither
	6

	T1
	30
	L
	S2
	A only
	2

	T1
	30
	L
	S2
	A+B
	37

	T1
	30
	L
	S2
	B only
	5

	T1
	30
	L
	S2
	Neither
	2

	T1
	30
	L
	S3
	A only
	3

	T1
	30
	L
	S3
	A+B
	38

	T1
	30
	L
	S3
	B only
	3

	T1
	30
	L
	S3
	Neither
	2

	T1
	30
	R
	S1
	A only
	4

	T1
	30
	R
	S1
	A+B
	35

	T1
	30
	R
	S1
	B only
	3

	T1
	30
	R
	S1
	Neither
	4

	T1
	30
	R
	S2
	A only
	2

	T1
	30
	R
	S2
	A+B
	34

	T1
	30
	R
	S2
	B only
	5

	T1
	30
	R
	S2
	Neither
	5

	T1
	30
	R
	S3
	A only
	2

	T1
	30
	R
	S3
	A+B
	35

	T1
	30
	R
	S3
	B only
	6

	T1
	30
	R
	S3
	Neither
	3

	T2
	20
	L
	S1
	A+B
	18

	T2
	20
	L
	S1
	B only
	2

	T2
	20
	L
	S1
	Neither
	2

	T2
	20
	L
	S2
	A only
	1

	T2
	20
	L
	S2
	A+B
	18

	T2
	20
	L
	S2
	B only
	2

	T2
	20
	L
	S2
	Neither
	1

	T2
	20
	L
	S3
	A+B
	18

	T2
	20
	L
	S3
	B only
	1

	T2
	20
	L
	S3
	Neither
	3

	T2
	20
	R
	S1
	A only
	1

	T2
	20
	R
	S1
	A+B
	18

	T2
	20
	R
	S1
	Neither
	3

	T2
	20
	R
	S2
	A only
	3

	T2
	20
	R
	S2
	A+B
	18

	T2
	20
	R
	S2
	Neither
	1

	T2
	20
	R
	S3
	A only
	1

	T2
	20
	R
	S3
	A+B
	20

	T2
	20
	R
	S3
	Neither
	1

	T2
	30
	L
	S1
	A only
	3

	T2
	30
	L
	S1
	A+B
	14

	T2
	30
	L
	S1
	B only
	2

	T2
	30
	L
	S1
	Neither
	4

	T2
	30
	L
	S2
	A+B
	22

	T2
	30
	L
	S2
	B only
	1

	T2
	30
	L
	S3
	A only
	1

	T2
	30
	L
	S3
	A+B
	21

	T2
	30
	L
	S3
	B only
	1

	T2
	30
	R
	S1
	A only
	1

	T2
	30
	R
	S1
	A+B
	14

	T2
	30
	R
	S1
	B only
	3

	T2
	30
	R
	S1
	Neither
	5

	T2
	30
	R
	S2
	A only
	1

	T2
	30
	R
	S2
	A+B
	19

	T2
	30
	R
	S2
	B only
	3

	T2
	30
	R
	S3
	A only
	5

	T2
	30
	R
	S3
	A+B
	17

	T2
	30
	R
	S3
	B only
	1


overall_source_diagnostic <- dyad_trial %>%
  count(descriptor_source, name = "n_dyad_trials") %>%
  mutate(percent = 100 * n_dyad_trials / sum(n_dyad_trials))

knitr::kable(
  overall_source_diagnostic,
  digits = 2,
  caption = "Overall diagnostic of dyad-trial descriptor sources"
)
Overall diagnostic of dyad-trial descriptor sources
	descriptor_source
	n_dyad_trials
	percent

	A only
	49
	6.05

	A+B
	639
	78.89

	B only
	57
	7.04

	Neither
	65
	8.02


6. Trial descriptors → dyad × session descriptors
Trials belonging to the same Task × Instruction condition are averaged with equal weight within each session. Thus, a trial does not receive greater weight merely because it contains more interactional presence.
dyad_session <- dyad_trial %>%
  group_by(Binome, Session, Task, Bias, Instruction) %>%
  summarise(
    n_trials = sum(!is.na(dyad_trial_DisX)),
    dyad_session_DisX = mean(dyad_trial_DisX, na.rm = TRUE),
    .groups = "drop"
  ) %>%
  mutate(
    dyad_session_DisX = ifelse(n_trials > 0, dyad_session_DisX, NA_real_)
  )

knitr::kable(
  dyad_session %>%
    group_by(Session, Task, Bias, Instruction) %>%
    summarise(
      n_dyads = n_distinct(Binome),
      n_usable = sum(!is.na(dyad_session_DisX)),
      .groups = "drop"
    ),
  caption = "Usable dyad-level session descriptors"
)
Usable dyad-level session descriptors
	Session
	Task
	Bias
	Instruction
	n_dyads
	n_usable

	S1
	T1
	20
	L
	22
	21

	S1
	T1
	20
	R
	22
	22

	S1
	T1
	30
	L
	23
	23

	S1
	T1
	30
	R
	23
	22

	S1
	T2
	20
	L
	22
	20

	S1
	T2
	20
	R
	22
	19

	S1
	T2
	30
	L
	23
	19

	S1
	T2
	30
	R
	23
	18

	S2
	T1
	20
	L
	22
	22

	S2
	T1
	20
	R
	22
	22

	S2
	T1
	30
	L
	23
	23

	S2
	T1
	30
	R
	23
	23

	S2
	T2
	20
	L
	22
	21

	S2
	T2
	20
	R
	22
	21

	S2
	T2
	30
	L
	23
	23

	S2
	T2
	30
	R
	23
	23

	S3
	T1
	20
	L
	22
	22

	S3
	T1
	20
	R
	22
	22

	S3
	T1
	30
	L
	23
	23

	S3
	T1
	30
	R
	23
	23

	S3
	T2
	20
	L
	22
	19

	S3
	T2
	20
	R
	22
	21

	S3
	T2
	30
	L
	23
	23

	S3
	T2
	30
	R
	23
	23


7. Construct S1 and equally weighted S2/S3 descriptors
S2 and S3 are averaged with equal session weight. This prevents a session with a larger total PXpi mass from contributing more strongly to the dyad-level S2/S3 descriptor.
dyad_period <- dyad_session %>%
  mutate(
    Period = ifelse(Session == "S1", "S1", "S2S3")
  ) %>%
  group_by(Binome, Task, Bias, Instruction, Period) %>%
  summarise(
    n_sessions = sum(!is.na(dyad_session_DisX)),
    mean_DisX = mean(dyad_session_DisX, na.rm = TRUE),
    .groups = "drop"
  ) %>%
  mutate(
    mean_DisX = ifelse(n_sessions > 0, mean_DisX, NA_real_)
  )

dyad_wide <- dyad_period %>%
  select(Binome, Task, Bias, Instruction, Period, mean_DisX) %>%
  pivot_wider(names_from = Period, values_from = mean_DisX)

knitr::kable(
  head(dyad_wide, 12),
  digits = 3,
  caption = "Dyad-level descriptors used for the paired S1 vs S2/S3 comparison"
)
Dyad-level descriptors used for the paired S1 vs S2/S3 comparison
	Binome
	Task
	Bias
	Instruction
	S1
	S2S3

	B1
	T1
	30
	L
	-26.250
	-85.392

	B1
	T1
	30
	R
	122.262
	100.425

	B1
	T2
	30
	L
	-64.842
	-127.684

	B1
	T2
	30
	R
	57.872
	113.000

	B10
	T1
	20
	L
	-10.228
	-27.120

	B10
	T1
	20
	R
	164.964
	286.582

	B10
	T2
	20
	L
	61.353
	-95.135

	B10
	T2
	20
	R
	NA
	109.750

	B11
	T1
	30
	L
	-139.572
	-15.968

	B11
	T1
	30
	R
	-1.694
	5.963

	B11
	T2
	30
	L
	337.500
	-76.082

	B11
	T2
	30
	R
	-84.796
	87.907


8. Diagnostic: complete paired dyads
paired_diagnostic <- dyad_wide %>%
  group_by(Task, Bias, Instruction) %>%
  summarise(
    n_dyads = n(),
    n_complete_pairs = sum(!is.na(S1) & !is.na(S2S3)),
    .groups = "drop"
  ) %>%
  arrange(Task, Bias, Instruction)

knitr::kable(
  paired_diagnostic,
  caption = "Dyads available for paired inference"
)
Dyads available for paired inference
	Task
	Bias
	Instruction
	n_dyads
	n_complete_pairs

	T1
	20
	L
	22
	21

	T1
	20
	R
	22
	22

	T1
	30
	L
	23
	23

	T1
	30
	R
	23
	22

	T2
	20
	L
	22
	19

	T2
	20
	R
	22
	19

	T2
	30
	L
	23
	19

	T2
	30
	R
	23
	18


9. Directional paired Wilcoxon tests
The inferential variable is the within-dyad difference

For R, the alternative hypothesis is .
For L, the alternative hypothesis is .
The matched-pairs rank-biserial correlation is reported as an effect size. With the coding below, positive values indicate an effect in the predicted direction for both instructions.
rank_biserial_paired <- function(x, expected_direction = c("greater", "less")) {
  expected_direction <- match.arg(expected_direction)

  x <- x[is.finite(x) & x != 0]

  if (length(x) == 0) return(NA_real_)

  # Reorient so that positive values always correspond to the predicted direction.
  z <- if (expected_direction == "greater") x else -x

  abs_z <- abs(z)
  ranks <- rank(abs_z, ties.method = "average")

  W_pos <- sum(ranks[z > 0])
  W_neg <- sum(ranks[z < 0])

  if ((W_pos + W_neg) == 0) return(NA_real_)

  (W_pos - W_neg) / (W_pos + W_neg)
}
wilcoxon_results <- dyad_wide %>%
  filter(!is.na(S1) & !is.na(S2S3)) %>%
  group_by(Task, Bias, Instruction) %>%
  group_modify(~{
    # In group_modify(), grouping variables are stored in .y, not .x.
    instruction_value <- as.character(.y$Instruction[[1]])

    delta <- .x$S2S3 - .x$S1
    alt <- if (instruction_value == "R") "greater" else "less"

    wt <- suppressWarnings(
      wilcox.test(
        delta,
        mu = 0,
        alternative = alt,
        exact = FALSE,
        paired = FALSE
      )
    )

    tibble(
      n_pairs = length(delta),
      median_S1 = median(.x$S1, na.rm = TRUE),
      median_S2S3 = median(.x$S2S3, na.rm = TRUE),
      median_diff = median(delta, na.rm = TRUE),
      W = unname(wt$statistic),
      p_value = wt$p.value,
      r_rb = rank_biserial_paired(delta, alt)
    )
  }) %>%
  ungroup() %>%
  mutate(
    Prediction = ifelse(
      Instruction == "R",
      "S2/S3 − S1 > 0",
      "S2/S3 − S1 < 0"
    ),
    p_fmt = case_when(
      is.na(p_value) ~ "NA",
      p_value < .0001 ~ formatC(p_value, format = "e", digits = 3),
      TRUE ~ formatC(p_value, format = "f", digits = 4)
    )
  ) %>%
  arrange(Task, Bias, Instruction)

knitr::kable(
  wilcoxon_results,
  digits = 4,
  caption = "Directional paired Wilcoxon signed-rank tests at the dyad level"
)
Directional paired Wilcoxon signed-rank tests at the dyad level
	Task
	Bias
	Instruction
	n_pairs
	median_S1
	median_S2S3
	median_diff
	W
	p_value
	r_rb
	Prediction
	p_fmt

	T1
	20
	L
	21
	-103.4000
	-146.9299
	-57.3222
	68
	0.0512
	0.4113
	S2/S3 − S1 < 0
	0.0512

	T1
	20
	R
	22
	39.8912
	90.1095
	51.6569
	194
	0.0148
	0.5336
	S2/S3 − S1 > 0
	0.0148

	T1
	30
	L
	23
	-54.1474
	-121.7030
	-29.8453
	94
	0.0929
	0.3188
	S2/S3 − S1 < 0
	0.0929

	T1
	30
	R
	22
	37.8438
	76.5249
	21.1158
	179
	0.0457
	0.4150
	S2/S3 − S1 > 0
	0.0457

	T2
	20
	L
	19
	-97.3632
	-193.3921
	-163.2339
	21
	0.0015
	0.7789
	S2/S3 − S1 < 0
	0.0015

	T2
	20
	R
	19
	82.4134
	162.8990
	121.4622
	162
	0.0037
	0.7053
	S2/S3 − S1 > 0
	0.0037

	T2
	30
	L
	19
	-58.4855
	-117.4134
	-91.9484
	20
	0.0014
	0.7895
	S2/S3 − S1 < 0
	0.0014

	T2
	30
	R
	18
	26.4177
	105.6976
	96.5185
	152
	0.0020
	0.7778
	S2/S3 − S1 > 0
	0.0020


10. Descriptive condition summary
The following table gives the mean and SD across independent dyad-level descriptors. These descriptive SDs represent between-dyad variability and are not the same as the within-trial weighted SDs used elsewhere in the article.
descriptive_summary <- dyad_wide %>%
  filter(!is.na(S1) & !is.na(S2S3)) %>%
  group_by(Task, Bias, Instruction) %>%
  summarise(
    N = n(),
    mean_S1 = mean(S1),
    SD_S1 = sd(S1),
    mean_S2S3 = mean(S2S3),
    SD_S2S3 = sd(S2S3),
    mean_delta = mean(S2S3 - S1),
    SD_delta = sd(S2S3 - S1),
    .groups = "drop"
  )

knitr::kable(
  descriptive_summary,
  digits = 2,
  caption = "Descriptive statistics across dyads"
)
Descriptive statistics across dyads
	Task
	Bias
	Instruction
	N
	mean_S1
	SD_S1
	mean_S2S3
	SD_S2S3
	mean_delta
	SD_delta

	T1
	20
	L
	21
	-97.47
	89.74
	-156.41
	129.21
	-58.94
	149.17

	T1
	20
	R
	22
	64.08
	74.34
	144.73
	143.80
	80.66
	156.60

	T1
	30
	L
	23
	-84.53
	93.25
	-127.33
	123.57
	-42.81
	170.82

	T1
	30
	R
	22
	52.14
	57.07
	63.03
	64.13
	10.90
	86.76

	T2
	20
	L
	19
	-66.90
	187.06
	-211.93
	132.87
	-145.02
	187.95

	T2
	20
	R
	19
	91.31
	93.23
	198.73
	141.72
	107.42
	148.49

	T2
	30
	L
	19
	-4.29
	159.30
	-169.80
	151.71
	-165.51
	207.42

	T2
	30
	R
	18
	-4.29
	110.47
	138.41
	124.34
	142.70
	183.43


11. Descriptive weighted distributions of presence along X (Figures T1 and T2)
The following figures reproduce the logic of the original presence-distribution plots for T1 and T2. They are descriptive only and are not used for statistical inference.
For each Task × Session × Bias × Instruction condition, the boxplot statistics are calculated directly from the participant-specific DisX distributions using PXpi as frequency weights. Subjects A and B contribute their own interactional presence distributions; Subject C is excluded. The invalid boundary positions (DisX <= -1800 or DisX >= 1800) have already been removed during data cleaning.
The box extends from the weighted first quartile (Q1) to the weighted third quartile (Q3), with the weighted median shown inside the box. Whiskers extend to the most extreme observed positions within 1.5 × IQR of Q1 and Q3. Outliers are not displayed, matching the presentation used in the manuscript.
weighted_quantile <- function(x, w, probs = c(0.25, 0.5, 0.75)) {
  ok <- is.finite(x) & is.finite(w) & w > 0
  x <- x[ok]
  w <- w[ok]

  if (length(x) == 0 || sum(w) <= 0) {
    return(rep(NA_real_, length(probs)))
  }

  ord <- order(x)
  x <- x[ord]
  w <- w[ord]

  cw <- cumsum(w) / sum(w)

  sapply(probs, function(p) {
    x[which(cw >= p)[1]]
  })
}

weighted_box_stats <- function(x, w) {
  ok <- is.finite(x) & is.finite(w) & w > 0
  x <- x[ok]
  w <- w[ok]

  if (length(x) == 0 || sum(w) <= 0) {
    return(tibble(
      ymin = NA_real_, lower = NA_real_, middle = NA_real_,
      upper = NA_real_, ymax = NA_real_
    ))
  }

  qs <- weighted_quantile(x, w, c(0.25, 0.50, 0.75))
  q1 <- qs[1]
  med <- qs[2]
  q3 <- qs[3]
  iqr <- q3 - q1

  lower_limit <- q1 - 1.5 * iqr
  upper_limit <- q3 + 1.5 * iqr

  ymin <- min(x[x >= lower_limit], na.rm = TRUE)
  ymax <- max(x[x <= upper_limit], na.rm = TRUE)

  tibble(
    ymin = ymin,
    lower = q1,
    middle = med,
    upper = q3,
    ymax = ymax
  )
}
figure_box_stats <- data %>%
  filter(Task %in% c("T1", "T2")) %>%
  group_by(Task, Session, Bias, Instruction) %>%
  group_modify(~ weighted_box_stats(.x$DisX, .x$PXpi)) %>%
  ungroup() %>%
  mutate(
    Condition = factor(
      paste0(Session, "–", Bias, "°"),
      levels = c("S1–30°", "S2–30°", "S3–30°",
                 "S1–20°", "S2–20°", "S3–20°")
    ),
    Instruction = factor(
      Instruction,
      levels = c("L", "R")
    )
  )

knitr::kable(
  figure_box_stats,
  digits = 2,
  caption = "Weighted boxplot statistics used for the descriptive T1 and T2 figures"
)
Weighted boxplot statistics used for the descriptive T1 and T2 figures
	Task
	Session
	Bias
	Instruction
	ymin
	lower
	middle
	upper
	ymax
	Condition

	T1
	S1
	20
	L
	-520
	-220
	-60
	-20
	180
	S1–20°

	T1
	S1
	20
	R
	-180
	0
	40
	120
	300
	S1–20°

	T1
	S1
	30
	L
	-200
	-80
	-20
	0
	120
	S1–30°

	T1
	S1
	30
	R
	-120
	0
	20
	80
	200
	S1–30°

	T1
	S2
	20
	L
	-580
	-260
	-120
	-40
	180
	S2–20°

	T1
	S2
	20
	R
	-260
	20
	120
	220
	520
	S2–20°

	T1
	S2
	30
	L
	-780
	-360
	-160
	-60
	120
	S2–30°

	T1
	S2
	30
	R
	-180
	0
	40
	120
	300
	S2–30°

	T1
	S3
	20
	L
	-820
	-380
	-200
	-80
	60
	S3–20°

	T1
	S3
	20
	R
	-260
	40
	140
	360
	840
	S3–20°

	T1
	S3
	30
	L
	-380
	-180
	-100
	-40
	160
	S3–30°

	T1
	S3
	30
	R
	-160
	20
	80
	140
	320
	S3–30°

	T2
	S1
	20
	L
	-560
	-200
	-100
	40
	160
	S1–20°

	T2
	S1
	20
	R
	-160
	-40
	80
	180
	500
	S1–20°

	T2
	S1
	30
	L
	-300
	-120
	-60
	0
	180
	S1–30°

	T2
	S1
	30
	R
	-220
	-40
	40
	80
	260
	S1–30°

	T2
	S2
	20
	L
	-740
	-320
	-160
	-40
	40
	S2–20°

	T2
	S2
	20
	R
	-220
	40
	140
	320
	740
	S2–20°

	T2
	S2
	30
	L
	-600
	-280
	-120
	-60
	0
	S2–30°

	T2
	S2
	30
	R
	-60
	60
	100
	140
	260
	S2–30°

	T2
	S3
	20
	L
	-1000
	-440
	-200
	-60
	0
	S3–20°

	T2
	S3
	20
	R
	0
	120
	240
	460
	960
	S3–20°

	T2
	S3
	30
	L
	-500
	-240
	-140
	-60
	20
	S3–30°

	T2
	S3
	30
	R
	-100
	60
	100
	220
	460
	S3–30°


plot_presence_distribution <- function(task_name, show_legend = TRUE) {

  plot_data <- figure_box_stats %>%
    filter(Task == task_name) %>%
    arrange(Condition, Instruction) %>%
    mutate(
      # One unique group per pre-computed boxplot row.
      # This prevents ggplot2 from combining several boxes into one group
      # when stat = "identity" is used.
      box_id = row_number()
    )

  p <- ggplot(
    plot_data,
    aes(
      x = Condition,
      ymin = ymin,
      lower = lower,
      middle = middle,
      upper = upper,
      ymax = ymax,
      fill = Instruction,
      group = box_id
    )
  ) +
    geom_boxplot(
      stat = "identity",
      position = position_dodge2(width = 0.78, preserve = "single"),
      width = 0.62,
      linewidth = 0.45
    ) +
    geom_hline(
      yintercept = 0,
      linetype = "dashed",
      linewidth = 0.35
    ) +
    labs(
      title = paste0("Distribution of presence on X (DisX) (", task_name, ")"),
      x = "Condition (Session × Bias)",
      y = "DisX",
      fill = "Instruction"
    ) +
    coord_cartesian(ylim = c(-1800, 1800)) +
    theme_bw(base_size = 12) +
    theme(
      plot.title = element_text(hjust = 0.5, size = 13),
      legend.position = if (show_legend) "right" else "none",
      panel.grid.minor = element_blank(),
      axis.text.x = element_text(size = 11),
      axis.text.y = element_text(size = 11),
      axis.title.x = element_text(size = 12),
      axis.title.y = element_text(size = 11),
      legend.title = element_text(size = 11),
      legend.text = element_text(size = 11)
    )

  p
}

# Draw T1 and T2 side by side using only ggplot2 + base grid.
# The legend is shown only on the right-hand (T2) panel.
draw_figure6 <- function() {
  p_T1 <- plot_presence_distribution("T1", show_legend = FALSE)
  p_T2 <- plot_presence_distribution("T2", show_legend = TRUE)

  grid::grid.newpage()

  lay <- grid::grid.layout(
    nrow = 1,
    ncol = 2,
    widths = grid::unit(c(1, 1.10), "null")
  )

  grid::pushViewport(grid::viewport(layout = lay))

  print(
    p_T1,
    vp = grid::viewport(layout.pos.row = 1, layout.pos.col = 1),
    newpage = FALSE
  )

  print(
    p_T2,
    vp = grid::viewport(layout.pos.row = 1, layout.pos.col = 2),
    newpage = FALSE
  )

  grid::upViewport()
}

# Export the combined Figure 6 as a true vector EPS.
save_figure6_eps <- function(
  filename = "Figure6_Horizontal_positions_T1_T2.eps",
  width = 12,
  height = 5.2
) {
  if (capabilities("cairo")) {
    grDevices::cairo_ps(
      filename = filename,
      width = width,
      height = height,
      onefile = FALSE
    )
  } else {
    grDevices::postscript(
      file = filename,
      width = width,
      height = height,
      horizontal = FALSE,
      onefile = FALSE,
      paper = "special"
    )
  }

  draw_figure6()
  grDevices::dev.off()
}
Figure 6 — T1 and T2 side by side
# Display the combined figure in the knitted document
draw_figure6()
[image: Study2a_Interactional-presence-along-X--T1-T2-_files/figure-docx/figure-presence-T1-T2-1.png]
# Create the separate vector EPS file requested by the journal
save_figure6_eps(
  filename = "Figure6_Horizontal_positions_T1_T2.eps",
  width = 12,
  height = 5.2
)
## png 
##   2
Figure 6. Horizontal positions under instruction. Weighted distributions of interactional presence along the X-axis for Tasks T1 and T2. Boxes represent weighted quartiles and medians of DisX, using participant-specific interactional presence (PXpi) as frequency weights. Whiskers extend to the most extreme positions within 1.5 × IQR. Subject C and boundary positions ±1800 are excluded. The figure is descriptive; inferential statistics are performed at the dyad level.
12. Publication table
sig_stars <- function(p) {
  ifelse(is.na(p), "",
    ifelse(p < .001, "***",
      ifelse(p < .01, "**",
        ifelse(p < .05, "*",
          ifelse(p < .10, "·", "")
        )
      )
    )
  )
}

pub_tab <- wilcoxon_results %>%
  mutate(
    `N dyads` = n_pairs,
    `Median S1` = round(median_S1, 2),
    `Median S2/S3` = round(median_S2S3, 2),
    `Median delta` = round(median_diff, 2),
    `W` = round(W, 1),
    `p (one-sided)` = paste0(p_fmt, " ", sig_stars(p_value)),
    `r_rb` = round(r_rb, 3)
  ) %>%
  select(
    Task, Bias, Instruction, Prediction,
    `N dyads`, `Median S1`, `Median S2/S3`,
    `Median delta`, W, `p (one-sided)`, r_rb
  )

ft <- pub_tab %>%
  flextable() %>%
  autofit() %>%
  align(part = "all", align = "center") %>%
  set_caption(
    "Study 2a. Directional paired Wilcoxon signed-rank tests: S2/S3 versus S1"
  )

ft
Study 2a. Directional paired Wilcoxon signed-rank tests: S2/S3 versus S1
	Task
	Bias
	Instruction
	Prediction
	N dyads
	Median S1
	Median S2/S3
	Median delta
	W
	p (one-sided)
	r_rb

	T1
	20
	L
	S2/S3 − S1 < 0
	21
	-103.40
	-146.93
	-57.32
	68
	0.0512 ·
	0.411

	T1
	20
	R
	S2/S3 − S1 > 0
	22
	39.89
	90.11
	51.66
	194
	0.0148 *
	0.534

	T1
	30
	L
	S2/S3 − S1 < 0
	23
	-54.15
	-121.70
	-29.85
	94
	0.0929 ·
	0.319

	T1
	30
	R
	S2/S3 − S1 > 0
	22
	37.84
	76.52
	21.12
	179
	0.0457 *
	0.415

	T2
	20
	L
	S2/S3 − S1 < 0
	19
	-97.36
	-193.39
	-163.23
	21
	0.0015 **
	0.779

	T2
	20
	R
	S2/S3 − S1 > 0
	19
	82.41
	162.90
	121.46
	162
	0.0037 **
	0.705

	T2
	30
	L
	S2/S3 − S1 < 0
	19
	-58.49
	-117.41
	-91.95
	20
	0.0014 **
	0.789

	T2
	30
	R
	S2/S3 − S1 > 0
	18
	26.42
	105.70
	96.52
	152
	0.0020 **
	0.778


13. Interpretation and reporting notes
The boundary values DisX = -1800 and DisX = +1800 are excluded before all calculations. The statistical unit for all inferential tests in this analysis is the dyad. Position bins, PXpi counts, participants A/B, trials, and sessions are not treated as independent replications.
The hierarchy is:
1. weighted mean DisX within each participant × trial, using PXpi;
1. equal-weight average of A and B when both have a defined interactional descriptor; otherwise the single available participant descriptor is retained;
1. equal-weight average of repeated trials within the dyad-session;
1. equal-weight average of S2 and S3;
1. paired S1 versus S2/S3 comparison across dyads.
Bias is not compared with a paired test because the 20° and 30° conditions involve different dyads in Study 2.
For manuscript reporting, the Wilcoxon results should be reported as W, exact numerical p where practical, N dyads, and matched-pairs rank-biserial correlation (r_rb). No F statistic or degrees of freedom are associated with these Wilcoxon tests.
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