Study 2b — Interactional presence along X (T3)
1. Aim and statistical unit
Task T3 tests whether access to vertical movement (Y) increases exploration along the horizontal X-axis.
In S1 and S4, vertical movement was unavailable. In S2 and S3, vertical movement was available. The prediction is therefore that the spatial dispersion of interactional presence along X should be larger in S2 and S3 than in S1 and S4.
The dyad is the independent statistical unit. The high-resolution position bins and their PXpi counts are not treated as independent observations for inferential statistics.
The analysis is hierarchical:
1. weighted SD of DisX is calculated separately for each participant × trial, using that participant’s PXpi as a presence weight;
1. participant descriptors are combined within each dyad-trial;
1. the two T3 trials are averaged with equal weight within each dyad × session;
1. inferential tests are performed on dyad-level session descriptors.
The 20° and 30° bias conditions involve different dyads in Study 2. Bias is therefore a between-dyad factor, whereas Session (S1–S4) is repeated within dyads.
Note on Subject C
Subject = C is not a participant. It is a pseudo-subject representing the geometrical intersection point of participants A’s and B’s action spaces. It is excluded from all participant- and dyad-level analyses in this section.
Participant-specific definition of PXpi
PXpi is defined separately for each participant. A participant is considered to be in an interactional sequence when successive sensory stimuli caused by the partner are separated by less than two seconds. Because of the bias, this criterion can be satisfied for A but not for B, or vice versa. Therefore, the presence distribution of one participant remains valid even if the other participant has no PXpi in that trial.
2. Helper functions
w_var <- 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(NA_real_)
  }

  m <- weighted.mean(x, w)
  sum(w * (x - m)^2) / sum(w)
}

w_sd <- function(x, w) {
  sqrt(w_var(x, w))
}

weighted_quantile <- function(x, w, probs = c(.25, .50, .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(.25, .50, .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

  tibble(
    ymin = min(x[x >= lower_limit], na.rm = TRUE),
    lower = q1,
    middle = med,
    upper = q3,
    ymax = max(x[x <= upper_limit], na.rm = TRUE)
  )
}

rank_biserial_from_difference <- function(d, predicted_positive = TRUE) {
  d <- d[is.finite(d) & d != 0]

  if (length(d) == 0) {
    return(NA_real_)
  }

  z <- if (predicted_positive) d else -d
  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)
}

format_p <- function(p) {
  ifelse(
    is.na(p),
    "NA",
    ifelse(p < .0001,
           formatC(p, format = "e", digits = 3),
           formatC(p, format = "f", digits = 4))
  )
}
3. Data loading and cleaning
The invalid boundary values DisX = -1800 and DisX = +1800 are excluded before any descriptor is computed.
data_raw <- read.csv2("Study2_Data_a.csv", stringsAsFactors = FALSE)

data_T3 <- data_raw %>%
  mutate(
    Binome  = as.character(Binome),
    Session = toupper(str_squish(as.character(Session))),
    Task    = toupper(str_squish(as.character(Task))),
    Trial   = toupper(str_squish(as.character(Trial))),
    Subject = toupper(str_squish(as.character(Subject))),
    Bias    = suppressWarnings(as.integer(as.character(Bias))),
    DisX    = suppressWarnings(as.numeric(gsub(",", ".", as.character(DisX)))),
    PXpi    = suppressWarnings(as.numeric(gsub(",", ".", as.character(PXpi))))
  ) %>%
  filter(
    Task == "T3",
    Session %in% c("S1", "S2", "S3", "S4"),
    Subject %in% c("A", "B"),
    Bias %in% c(20L, 30L),
    is.finite(DisX),
    is.finite(PXpi),
    PXpi >= 0,
    DisX > -1800,
    DisX < 1800
  ) %>%
  mutate(
    Session = factor(Session, levels = c("S1", "S2", "S3", "S4")),
    Bias = factor(Bias, levels = c(20, 30))
  )

knitr::kable(
  data_T3 %>%
    summarise(
      rows = n(),
      dyads = n_distinct(Binome),
      subjects = paste(sort(unique(Subject)), collapse = ", "),
      sessions = paste(levels(Session), collapse = ", "),
      biases = paste(levels(Bias), collapse = ", ")
    ),
  caption = "T3 dataset retained after filtering"
)
T3 dataset retained after filtering
	rows
	dyads
	subjects
	sessions
	biases

	128880
	45
	A, B
	S1, S2, S3, S4
	20, 30


4. Check the experimental structure
structure_check <- data_T3 %>%
  distinct(Binome, Session, Trial, Subject, Bias) %>%
  count(Session, Trial, Bias, name = "dyad_subject_cells") %>%
  arrange(Bias, Session, Trial)

knitr::kable(
  structure_check,
  caption = "Experimental cells retained for T3"
)
Experimental cells retained for T3
	Session
	Trial
	Bias
	dyad_subject_cells

	S1
	E1
	20
	44

	S1
	E2
	20
	44

	S2
	E1
	20
	44

	S2
	E2
	20
	44

	S3
	E1
	20
	44

	S3
	E2
	20
	44

	S4
	E1
	20
	44

	S4
	E2
	20
	44

	S1
	E1
	30
	46

	S1
	E2
	30
	46

	S2
	E1
	30
	46

	S2
	E2
	30
	46

	S3
	E1
	30
	46

	S3
	E2
	30
	46

	S4
	E1
	30
	46

	S4
	E2
	30
	46


bias_check <- data_T3 %>%
  distinct(Binome, Bias) %>%
  count(Binome, name = "n_bias_levels")

stopifnot(all(bias_check$n_bias_levels == 1))
5. Descriptive weighted distribution of presence along X
This figure reproduces the logic of the original T3 figure. It is descriptive only. Weighted quartiles and whiskers are computed directly from PXpi; no uncount() operation is required.
figure7_stats <- data_T3 %>%
  group_by(Session, Bias) %>%
  group_modify(~ weighted_box_stats(.x$DisX, .x$PXpi)) %>%
  ungroup() %>%
  mutate(
    box_id = row_number()
  )

knitr::kable(
  figure7_stats,
  digits = 2,
  caption = "Weighted boxplot statistics used for Figure 7"
)
Weighted boxplot statistics used for Figure 7
	Session
	Bias
	ymin
	lower
	middle
	upper
	ymax
	box_id

	S1
	20
	-300
	-60
	20
	100
	340
	1

	S1
	30
	-100
	-20
	0
	40
	120
	2

	S2
	20
	-620
	-200
	0
	80
	500
	3

	S2
	30
	-700
	-80
	60
	340
	960
	4

	S3
	20
	-620
	-180
	-20
	120
	560
	5

	S3
	30
	-540
	-160
	0
	100
	480
	6

	S4
	20
	-320
	-80
	0
	80
	320
	7

	S4
	30
	-140
	-20
	20
	60
	180
	8


Figure7 <- ggplot(
  figure7_stats,
  aes(
    x = Session,
    ymin = ymin,
    lower = lower,
    middle = middle,
    upper = upper,
    ymax = ymax,
    fill = Bias,
    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
  ) +
  coord_cartesian(ylim = c(-800, 800)) +
  labs(
    title = "Distribution of presence on X (DisX) in T3 by Session and Bias",
    x = "Session",
    y = "DisX",
    fill = "Bias (°)"
  ) +
  scale_fill_discrete(labels = c("20°", "30°")) +
  theme_bw(base_size = 12) +
  theme(
    plot.title = element_text(hjust = 0.5, size = 13),
    axis.text.x = element_text(size = 11),
    axis.text.y = element_text(size = 10),
    axis.title = element_text(size = 11),
    legend.position = "right",
    panel.grid.minor = element_blank()
  )

Figure7
[image: Study2b_-Interactional-presence-along-X--T3-_files/figure-docx/figure7-1.png]
# Vector export for journal submission (EPS)
ggsave(
  filename = "Figure7_Exploration_horizontal_space.eps",
  plot = Figure7,
  device = grDevices::cairo_ps,
  width = 7.4,
  height = 5.4,
  units = "in",
  fallback_resolution = 600
)
Suggested manuscript caption.
Figure 7. Exploration of horizontal space. Weighted distributions of interactional presence along X in Task T3 across Sessions S1–S4 for the 20° and 30° bias conditions. Boxes show weighted quartiles and medians of DisX, using participant-specific interactional presence (PXpi) as a weight; 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 on dyad-level weighted SDs.
6. Weighted SD for each participant × trial
The primary exploration descriptor is the weighted SD of DisX.
participant_trial_sd <- data_T3 %>%
  group_by(Binome, Session, Trial, Bias, Subject) %>%
  summarise(
    total_PXpi = sum(PXpi, na.rm = TRUE),
    weighted_sd = w_sd(DisX, PXpi),
    .groups = "drop"
  )

knitr::kable(
  head(participant_trial_sd, 12),
  digits = 3,
  caption = "Example participant × trial weighted SDs"
)
Example participant × trial weighted SDs
	Binome
	Session
	Trial
	Bias
	Subject
	total_PXpi
	weighted_sd

	B1
	S1
	E1
	30
	A
	1801
	63.215

	B1
	S1
	E1
	30
	B
	1893
	43.161

	B1
	S1
	E2
	30
	A
	97
	9.995

	B1
	S1
	E2
	30
	B
	47
	8.468

	B1
	S2
	E1
	30
	A
	1203
	158.572

	B1
	S2
	E1
	30
	B
	1244
	159.347

	B1
	S2
	E2
	30
	A
	276
	18.179

	B1
	S2
	E2
	30
	B
	437
	18.416

	B1
	S3
	E1
	30
	A
	1534
	145.973

	B1
	S3
	E1
	30
	B
	1143
	157.984

	B1
	S3
	E2
	30
	A
	234
	24.551

	B1
	S3
	E2
	30
	B
	88
	8.788


7. Participant descriptors → dyad-trial descriptor
Because PXpi is participant-specific, A and B may not both have a defined interactional SD in the same trial.
The dyad-trial descriptor is defined as follows:
· if both A and B have a valid weighted SD, their two SDs are averaged with equal weight;
· if only A has a valid weighted SD, A’s value is retained;
· if only B has a valid weighted SD, B’s value is retained;
· if neither participant has a valid weighted SD, the dyad-trial descriptor is undefined.
dyad_trial_sd <- participant_trial_sd %>%
  group_by(Binome, Session, Trial, Bias) %>%
  summarise(
    A_sd = {
      z <- weighted_sd[Subject == "A"]
      if (length(z) == 0) NA_real_ else z[1]
    },
    B_sd = {
      z <- weighted_sd[Subject == "B"]
      if (length(z) == 0) NA_real_ else z[1]
    },
    .groups = "drop"
  ) %>%
  mutate(
    descriptor_source = case_when(
      is.finite(A_sd) & is.finite(B_sd) ~ "A+B",
      is.finite(A_sd) & !is.finite(B_sd) ~ "A only",
      !is.finite(A_sd) & is.finite(B_sd) ~ "B only",
      TRUE ~ "Neither"
    ),
    dyad_trial_SD = case_when(
      descriptor_source == "A+B" ~ (A_sd + B_sd) / 2,
      descriptor_source == "A only" ~ A_sd,
      descriptor_source == "B only" ~ B_sd,
      TRUE ~ NA_real_
    )
  )

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

knitr::kable(
  source_diagnostic,
  caption = "Source of T3 dyad-trial SD descriptors"
)
Source of T3 dyad-trial SD descriptors
	Session
	Bias
	descriptor_source
	n_dyad_trials

	S1
	20
	A only
	1

	S1
	20
	A+B
	40

	S1
	20
	B only
	2

	S1
	20
	Neither
	1

	S2
	20
	A only
	2

	S2
	20
	A+B
	39

	S2
	20
	B only
	2

	S2
	20
	Neither
	1

	S3
	20
	A only
	1

	S3
	20
	A+B
	40

	S3
	20
	B only
	1

	S3
	20
	Neither
	2

	S4
	20
	A+B
	40

	S4
	20
	B only
	2

	S4
	20
	Neither
	2

	S1
	30
	A+B
	45

	S1
	30
	B only
	1

	S2
	30
	A only
	3

	S2
	30
	A+B
	38

	S2
	30
	B only
	2

	S2
	30
	Neither
	3

	S3
	30
	A only
	4

	S3
	30
	A+B
	34

	S3
	30
	B only
	4

	S3
	30
	Neither
	4

	S4
	30
	A only
	2

	S4
	30
	A+B
	42

	S4
	30
	B only
	2


8. Trial descriptors → dyad × session descriptor
T3 contains two trials in each session. The usable trial descriptors are averaged with equal weight so that trials with more PXpi do not receive greater inferential weight.
dyad_session_sd <- dyad_trial_sd %>%
  group_by(Binome, Session, Bias) %>%
  summarise(
    n_trials = sum(is.finite(dyad_trial_SD)),
    weighted_sd = ifelse(
      n_trials > 0,
      mean(dyad_trial_SD, na.rm = TRUE),
      NA_real_
    ),
    .groups = "drop"
  )

trial_diagnostic <- dyad_session_sd %>%
  count(Session, Bias, n_trials, name = "n_dyads") %>%
  arrange(Bias, Session, n_trials)

knitr::kable(
  trial_diagnostic,
  caption = "Number of usable T3 trials contributing to each dyad × session SD"
)
Number of usable T3 trials contributing to each dyad × session SD
	Session
	Bias
	n_trials
	n_dyads

	S1
	20
	1
	1

	S1
	20
	2
	21

	S2
	20
	1
	1

	S2
	20
	2
	21

	S3
	20
	1
	2

	S3
	20
	2
	20

	S4
	20
	0
	1

	S4
	20
	2
	21

	S1
	30
	2
	23

	S2
	30
	1
	3

	S2
	30
	2
	20

	S3
	30
	0
	1

	S3
	30
	1
	2

	S3
	30
	2
	20

	S4
	30
	2
	23


9. Dyad-level descriptive statistics
dyad_summary <- dyad_session_sd %>%
  group_by(Session, Bias) %>%
  summarise(
    N_dyads = sum(is.finite(weighted_sd)),
    mean_SD = mean(weighted_sd, na.rm = TRUE),
    median_SD = median(weighted_sd, na.rm = TRUE),
    SD_between_dyads = sd(weighted_sd, na.rm = TRUE),
    SEM = SD_between_dyads / sqrt(N_dyads),
    Q1 = quantile(weighted_sd, .25, na.rm = TRUE),
    Q3 = quantile(weighted_sd, .75, na.rm = TRUE),
    .groups = "drop"
  )

knitr::kable(
  dyad_summary,
  digits = 3,
  caption = "Dyad-level weighted SD of DisX in T3"
)
Dyad-level weighted SD of DisX in T3
	Session
	Bias
	N_dyads
	mean_SD
	median_SD
	SD_between_dyads
	SEM
	Q1
	Q3

	S1
	20
	22
	97.391
	79.351
	51.963
	11.078
	52.825
	129.895

	S1
	30
	23
	56.626
	58.397
	21.850
	4.556
	41.194
	75.352

	S2
	20
	22
	104.376
	99.393
	99.994
	21.319
	18.507
	138.896

	S2
	30
	23
	100.308
	88.629
	80.784
	16.845
	27.975
	156.564

	S3
	20
	22
	134.440
	122.991
	117.729
	25.100
	27.042
	205.155

	S3
	30
	22
	113.786
	75.076
	119.185
	25.410
	38.303
	143.809

	S4
	20
	21
	108.153
	98.860
	57.564
	12.561
	62.745
	124.572

	S4
	30
	23
	57.371
	56.073
	25.342
	5.284
	45.370
	70.542


10. Prepare the dyad × session wide table
The primary contrast and the supplementary repeated-measures analyses both require one row per dyad, with S1–S4 in separate columns.
friedman_wide <- dyad_session_sd %>%
  select(Binome, Bias, Session, weighted_sd) %>%
  pivot_wider(
    names_from = Session,
    values_from = weighted_sd
  )

knitr::kable(
  head(friedman_wide, 10),
  digits = 3,
  caption = "Dyad-level weighted SDs in wide format"
)
Dyad-level weighted SDs in wide format
	Binome
	Bias
	S1
	S2
	S3
	S4

	B1
	30
	31.210
	88.629
	84.324
	70.132

	B10
	20
	46.380
	197.820
	314.823
	NA

	B11
	30
	27.917
	8.444
	NA
	32.194

	B12
	20
	58.656
	13.610
	192.711
	124.572

	B13
	30
	77.165
	189.850
	67.325
	84.623

	B14
	20
	58.075
	106.731
	167.995
	120.147

	B15
	30
	87.713
	120.020
	114.521
	74.284

	B16
	20
	206.707
	259.907
	209.304
	243.076

	B17
	30
	61.121
	153.828
	204.709
	58.685

	B18
	20
	124.652
	111.784
	61.676
	65.794


11. Primary planned contrast: Y-enabled versus Y-disabled sessions
The primary hypothesis of Task T3 concerns the availability of vertical movement, rather than differences among the four sessions considered separately.
For each dyad, two condition-level descriptors are therefore constructed:
· Y disabled: equal-weight mean of S1 and S4;
· Y enabled: equal-weight mean of S2 and S3.
A condition-level descriptor is calculated only when both constituent sessions are available. This preserves a balanced within-dyad contrast and prevents a single session from standing in for one experimental condition.
The a priori directional hypothesis is:

This hypothesis is tested separately for the 20° and 30° bias groups using a one-sided paired Wilcoxon signed-rank test at the dyad level. The matched-pairs rank-biserial correlation (r_rb) is reported as effect size.
primary_contrast <- friedman_wide %>%
  mutate(
    Y_disabled = ifelse(
      is.finite(S1) & is.finite(S4),
      (S1 + S4) / 2,
      NA_real_
    ),
    Y_enabled = ifelse(
      is.finite(S2) & is.finite(S3),
      (S2 + S3) / 2,
      NA_real_
    )
  )

primary_contrast_results <- primary_contrast %>%
  group_by(Bias) %>%
  group_modify(~{
    d <- .x %>%
      filter(
        is.finite(Y_disabled),
        is.finite(Y_enabled)
      )

    diff <- d$Y_enabled - d$Y_disabled

    if (length(diff) == 0) {
      return(tibble(
        N_pairs = 0,
        mean_Y_disabled = NA_real_,
        mean_Y_enabled = NA_real_,
        median_Y_disabled = NA_real_,
        median_Y_enabled = NA_real_,
        median_difference = NA_real_,
        W = NA_real_,
        p_value = NA_real_,
        r_rb = NA_real_
      ))
    }

    wt <- suppressWarnings(
      wilcox.test(
        diff,
        mu = 0,
        alternative = "greater",
        exact = FALSE,
        correct = FALSE
      )
    )

    tibble(
      N_pairs = nrow(d),
      mean_Y_disabled = mean(d$Y_disabled),
      mean_Y_enabled = mean(d$Y_enabled),
      median_Y_disabled = median(d$Y_disabled),
      median_Y_enabled = median(d$Y_enabled),
      median_difference = median(diff),
      W = unname(wt$statistic),
      p_value = wt$p.value,
      r_rb = rank_biserial_from_difference(
        diff,
        predicted_positive = TRUE
      )
    )
  }) %>%
  ungroup() %>%
  mutate(
    p_fmt = format_p(p_value)
  )

knitr::kable(
  primary_contrast_results,
  digits = 4,
  caption = "Primary planned contrast: Y-enabled (S2/S3) versus Y-disabled (S1/S4) sessions"
)
Primary planned contrast: Y-enabled (S2/S3) versus Y-disabled (S1/S4) sessions
	Bias
	N_pairs
	mean_Y_disabled
	mean_Y_enabled
	median_Y_disabled
	median_Y_enabled
	median_difference
	W
	p_value
	r_rb
	p_fmt

	20
	21
	103.9867
	112.8884
	91.6144
	103.1602
	9.7135
	135
	0.249
	0.1688
	0.2490

	30
	22
	58.2231
	109.1348
	58.0878
	94.2221
	38.4847
	211
	0.003
	0.6680
	0.0030


Primary-contrast diagnostic
primary_contrast_diagnostic <- primary_contrast %>%
  group_by(Bias) %>%
  summarise(
    total_dyads = n(),
    complete_S1_S4 = sum(is.finite(S1) & is.finite(S4)),
    complete_S2_S3 = sum(is.finite(S2) & is.finite(S3)),
    complete_primary_contrast = sum(
      is.finite(Y_disabled) & is.finite(Y_enabled)
    ),
    .groups = "drop"
  )

knitr::kable(
  primary_contrast_diagnostic,
  caption = "Dyads contributing to the primary Y-enabled versus Y-disabled contrast"
)
Dyads contributing to the primary Y-enabled versus Y-disabled contrast
	Bias
	total_dyads
	complete_S1_S4
	complete_S2_S3
	complete_primary_contrast

	20
	22
	21
	22
	21

	30
	23
	23
	22
	22


Figure: dyad-level SD by Y-movement condition
primary_figure_data <- primary_contrast %>%
  filter(
    is.finite(Y_disabled),
    is.finite(Y_enabled)
  ) %>%
  select(Binome, Bias, Y_disabled, Y_enabled) %>%
  pivot_longer(
    cols = c(Y_disabled, Y_enabled),
    names_to = "Y_condition",
    values_to = "weighted_sd"
  ) %>%
  mutate(
    Y_condition = factor(
      Y_condition,
      levels = c("Y_disabled", "Y_enabled"),
      labels = c("Y disabled\n(S1 + S4)", "Y enabled\n(S2 + S3)")
    )
  )

primary_figure_summary <- primary_figure_data %>%
  group_by(Bias, Y_condition) %>%
  summarise(
    N = n(),
    mean_SD = mean(weighted_sd),
    SD_between_dyads = sd(weighted_sd),
    SEM = SD_between_dyads / sqrt(N),
    .groups = "drop"
  )

ggplot(
  primary_figure_summary,
  aes(
    x = Y_condition,
    y = mean_SD,
    fill = Bias,
    group = Bias
  )
) +
  geom_col(
    position = position_dodge(width = 0.72),
    width = 0.62,
    colour = "black",
    linewidth = 0.35
  ) +
  geom_errorbar(
    aes(
      ymin = mean_SD - SEM,
      ymax = mean_SD + SEM
    ),
    position = position_dodge(width = 0.72),
    width = 0.15,
    linewidth = 0.55
  ) +
  labs(
    title = "Horizontal exploration with and without Y movement (T3)",
    x = NULL,
    y = "Mean dyad-level weighted SD of DisX",
    fill = "Bias (°)"
  ) +
  scale_fill_discrete(labels = c("20°", "30°")) +
  theme_bw(base_size = 12) +
  theme(
    plot.title = element_text(hjust = 0.5, size = 13),
    axis.text.x = element_text(size = 11),
    axis.text.y = element_text(size = 10),
    axis.title.y = element_text(size = 11),
    legend.position = "right",
    panel.grid.minor = element_blank()
  )
[image: Study2b_-Interactional-presence-along-X--T3-_files/figure-docx/primary-y-contrast-figure-1.png]
Reporting note. This Y-enabled versus Y-disabled comparison is the primary planned inferential test for T3 because it directly represents the experimental manipulation. The session-by-session Friedman and Wilcoxon analyses below are retained as supplementary checks and should not be presented as the primary evidence in the manuscript.
12. Supplementary check: Friedman test of the overall Session effect
The Friedman test evaluates the repeated-measures Session effect separately for the 20° and 30° bias groups. Only dyads with a valid SD in all four sessions are included in this omnibus test.
Kendall’s W is reported as an effect size:

where  is the number of complete dyads and  sessions.
friedman_wide <- dyad_session_sd %>%
  select(Binome, Bias, Session, weighted_sd) %>%
  pivot_wider(names_from = Session, values_from = weighted_sd)

friedman_results <- friedman_wide %>%
  group_by(Bias) %>%
  group_modify(~{
    d <- .x %>%
      filter(
        is.finite(S1),
        is.finite(S2),
        is.finite(S3),
        is.finite(S4)
      )

    N <- nrow(d)
    k <- 4

    if (N < 2) {
      return(tibble(
        N_complete = N,
        chi_square = NA_real_,
        df = k - 1,
        p_value = NA_real_,
        kendall_W = NA_real_
      ))
    }

    long <- d %>%
      select(Binome, S1, S2, S3, S4) %>%
      pivot_longer(
        cols = c(S1, S2, S3, S4),
        names_to = "Session",
        values_to = "weighted_sd"
      )

    ft <- friedman.test(
      weighted_sd ~ Session | Binome,
      data = long
    )

    tibble(
      N_complete = N,
      chi_square = unname(ft$statistic),
      df = unname(ft$parameter),
      p_value = ft$p.value,
      kendall_W = unname(ft$statistic) / (N * (k - 1))
    )
  }) %>%
  ungroup()

knitr::kable(
  friedman_results,
  digits = 4,
  caption = "Friedman repeated-measures tests of Session on dyad-level weighted SD"
)
Friedman repeated-measures tests of Session on dyad-level weighted SD
	Bias
	N_complete
	chi_square
	df
	p_value
	kendall_W

	20
	21
	0.4857
	3
	0.9220
	0.0077

	30
	22
	5.7818
	3
	0.1227
	0.0876


13. Supplementary session-by-session planned comparisons
The a priori comparisons directly test the experimental prediction:
· S2 > S1
· S3 > S1
· S2 > S4
· S3 > S4
All four are one-sided paired Wilcoxon signed-rank tests.
S4 versus S1 is additionally reported as a two-sided control comparison, because both sessions had Y movement disabled and no directional difference between them was predicted.
comparison_spec <- tibble::tribble(
  ~comparison, ~session_high, ~session_low,
  "S2 > S1",   "S2",          "S1",
  "S3 > S1",   "S3",          "S1",
  "S2 > S4",   "S2",          "S4",
  "S3 > S4",   "S3",          "S4"
)

paired_wide <- friedman_wide

# Build the results explicitly, one Bias × comparison at a time.
# This avoids rowwise/do scoping problems with temporary objects such as
# session_high and session_low.
planned_list <- list()
counter <- 1

for (b in levels(data_T3$Bias)) {

  for (j in seq_len(nrow(comparison_spec))) {

    comp <- comparison_spec$comparison[j]
    hi   <- comparison_spec$session_high[j]
    lo   <- comparison_spec$session_low[j]

    d <- paired_wide %>%
      ungroup() %>%
      filter(as.character(Bias) == b) %>%
      select(Binome, all_of(c(hi, lo))) %>%
      filter(
        is.finite(.data[[hi]]),
        is.finite(.data[[lo]])
      )

    diff <- d[[hi]] - d[[lo]]

    if (length(diff) > 0) {

      wt <- suppressWarnings(
        wilcox.test(
          diff,
          mu = 0,
          alternative = "greater",
          exact = FALSE,
          correct = FALSE
        )
      )

      planned_list[[counter]] <- tibble(
        Bias = b,
        comparison = comp,
        N_pairs = nrow(d),
        median_high = median(d[[hi]], na.rm = TRUE),
        median_low = median(d[[lo]], na.rm = TRUE),
        median_difference = median(diff, na.rm = TRUE),
        W = unname(wt$statistic),
        p_value = wt$p.value,
        r_rb = rank_biserial_from_difference(
          diff,
          predicted_positive = TRUE
        )
      )

    } else {

      planned_list[[counter]] <- tibble(
        Bias = b,
        comparison = comp,
        N_pairs = 0,
        median_high = NA_real_,
        median_low = NA_real_,
        median_difference = NA_real_,
        W = NA_real_,
        p_value = NA_real_,
        r_rb = NA_real_
      )
    }

    counter <- counter + 1
  }
}

planned_results <- bind_rows(planned_list) %>%
  mutate(
    p_fmt = format_p(p_value)
  )

knitr::kable(
  planned_results,
  digits = 4,
  caption = "Planned one-sided paired Wilcoxon tests of horizontal dispersion in T3"
)
Planned one-sided paired Wilcoxon tests of horizontal dispersion in T3
	Bias
	comparison
	N_pairs
	median_high
	median_low
	median_difference
	W
	p_value
	r_rb
	p_fmt

	20
	S2 > S1
	22
	99.3930
	79.3510
	-10.3799
	133
	0.4164
	0.0514
	0.4164

	20
	S3 > S1
	22
	122.9914
	79.3510
	-1.8628
	153
	0.1948
	0.2095
	0.1948

	20
	S2 > S4
	21
	98.2585
	98.8597
	-13.4158
	95
	0.7619
	-0.1775
	0.7619

	20
	S3 > S4
	21
	106.6451
	98.8597
	-2.1544
	133
	0.2715
	0.1515
	0.2715

	30
	S2 > S1
	23
	88.6286
	58.3975
	32.3074
	208
	0.0166
	0.5072
	0.0166

	30
	S3 > S1
	22
	75.0757
	58.4330
	26.8203
	182
	0.0358
	0.4387
	0.0358

	30
	S2 > S4
	23
	88.6286
	56.0729
	23.6810
	209
	0.0154
	0.5145
	0.0154

	30
	S3 > S4
	22
	75.0757
	57.3788
	14.0284
	188
	0.0229
	0.4862
	0.0229


14. S1 versus S4 control comparison
control_results <- friedman_wide %>%
  group_by(Bias) %>%
  group_modify(~{
    d <- .x %>%
      filter(is.finite(S1), is.finite(S4))

    diff <- d$S4 - d$S1

    wt <- suppressWarnings(
      wilcox.test(
        diff,
        mu = 0,
        alternative = "two.sided",
        exact = FALSE,
        correct = FALSE
      )
    )

    tibble(
      N_pairs = nrow(d),
      median_S1 = median(d$S1, na.rm = TRUE),
      median_S4 = median(d$S4, na.rm = TRUE),
      median_difference_S4_minus_S1 = median(diff, na.rm = TRUE),
      W = unname(wt$statistic),
      p_value = wt$p.value,
      r_rb_signed = rank_biserial_from_difference(diff, predicted_positive = TRUE)
    )
  }) %>%
  ungroup()

knitr::kable(
  control_results,
  digits = 4,
  caption = "Two-sided paired Wilcoxon control comparison between S1 and S4"
)
Two-sided paired Wilcoxon control comparison between S1 and S4
	Bias
	N_pairs
	median_S1
	median_S4
	median_difference_S4_minus_S1
	W
	p_value
	r_rb_signed

	20
	21
	83.6889
	98.8597
	6.8439
	141
	0.3754
	0.2208

	30
	23
	58.3975
	56.0729
	-2.3246
	136
	0.9515
	-0.0145


15. Optional supplementary figure: mean dyad-level weighted SD by Session and Bias
This figure complements the pooled distribution boxplot by showing the mean dyad-level SD used in the inferential analysis. Error bars are ±1 SEM across dyads.
Figure7_SD <- ggplot(
  dyad_summary,
  aes(
    x = Session,
    y = mean_SD,
    fill = Bias,
    group = Bias
  )
) +
  geom_col(
    position = position_dodge(width = 0.75),
    width = 0.66,
    colour = "black",
    linewidth = 0.35
  ) +
  geom_errorbar(
    aes(
      ymin = mean_SD - SEM,
      ymax = mean_SD + SEM
    ),
    position = position_dodge(width = 0.75),
    width = 0.16,
    linewidth = 0.55
  ) +
  labs(
    title = "Mean dyad-level weighted SD of DisX in T3",
    x = "Session",
    y = "Mean dyad-level weighted SD of DisX",
    fill = "Bias (°)"
  ) +
  scale_fill_discrete(labels = c("20°", "30°")) +
  theme_bw(base_size = 12) +
  theme(
    plot.title = element_text(hjust = 0.5, size = 13),
    axis.text = element_text(size = 10),
    axis.title = element_text(size = 11),
    legend.position = "right",
    panel.grid.minor = element_blank()
  )

Figure7_SD
[image: Study2b_-Interactional-presence-along-X--T3-_files/figure-docx/sd-publication-figure-1.png]
16. Reporting notes
The pooled weighted distribution figure is descriptive. Inferential tests are based on dyad-level weighted SD descriptors.
The primary inferential test for T3 is the planned Y-enabled (S2/S3) versus Y-disabled (S1/S4) paired contrast. This contrast directly tests the experimental hypothesis while avoiding the multiplicity generated by four separate session-by-session comparisons.
For the omnibus Session effect, report the Friedman chi-square statistic, 3 degrees of freedom, the exact p-value where practical, N complete dyads, and Kendall’s W.
For the planned paired comparisons, report W, the one-sided p-value, N paired dyads, and the matched-pairs rank-biserial correlation (r_rb).
No Levene test is used for inferential conclusions because position bins and PXpi-weighted presences are not independent experimental replications.
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