Timing Anticipation Analysis Pipeline
Overview

This is the analysis pipeline for the Anticipation task included in the paper “Anticipating the beat:
Rhythm and Meter in Developmental Dyslexia” by Carioti et al.

The pipeline aims at clearly separate preprocessing, quality control, statistical testing

Anticipation Dataset Uploading

Participant-level Descriptive Statistics

item Condition Part. vars n mean sd median trimmed
X11 1 test ddARS©02 1 10 267 .5000 274.49762 167.5 222.6250
X12 2 training ddARS©02 1 5 569.4000 158.41496 595.0 569.4000
X13 3 test ddARS©03 1 10 58.5000 160.00990 19.5 38.3750
X14 4 training ddARS©003 1 6 840.3333 16448.58859 -4494.5 840.3333
X15 5 test ddARS©04 1 11 1043.7273 25456.43932 -5325.0 -6094.2222
X16 6 training ddARS©04 1 7 3469.4286 18272.04056 -5344.0 3469.4286
X17 7 test ddARS©05 1 12 9060.8333 30028.45420 -524.5 4807.2000
X18 8 training ddARS©05 1 15 5518.6667 17980.16024 -2007.0 4863.3846
X19 9 test ddARS©06 1 12 5212.4167 33312.17629 -6142.0 360.1000
X110 10 training ddARS@06 1 7 7611.7143 17807.16353 -46.0 7611.7143
X111 11 test ddARS©QO7 1 9 7545.0000 2983.88673 9413.0 7545.0000
X112 12 training ddARSee7 1 8 7164.2500 19639.27372 -3282.0 7164.2500
X113 13 test ddARS©08 1 10 202 .8000 196.00612 160.0 167.3750
X114 14 training ddARS©08 1 15 6737.4000 17464.15083 257.0 6269.0000
X115 15 test ddARS©09 1 9 2505.5556 4137.52846 31.0 2505.5556
X116 16 training ddARS©09 112 977.1667 14606.49217 35.0 -797.9000
X117 17 test ddARS©10 1 12 10879.5000 30305.22749 92.5 6556.3000
X118 18 training ddARS@10 111 514.6364 11448.49419 67.0 -2032.6667
X119 19 test ddARS©11 111 850.1818 25424.51881 -5523.0 -6290.6667
X120 20 training ddARSe11 1 7 2282.7143 19174.72288 -5006.0 2282.7143
X121 21 test ddARS©12 111 987.5455 25392.78956 -5596.0 -6105.5556
X122 22 training ddARS@12 1 8 3523.8750 20371.99295 -3403.5 3523.8750
X123 23 test ddARSO13 1 10 142 .5000 86.60928 126.5 141.0000
X124 24 training ddARS©13 1 5 484.0000 472.48862 339.0 484.0000
X125 25 test ddARS©14 1 10 103.2000 575.45341 136.0 149.3750
X126 26 training ddARS@14 1 6 3443.3333 14551.34443 -511.5 3443.3333
X127 27 test ddARS@15 1 12 10154.0000 30481.64830 21.0 5438.8000
X128 28 training ddARS©15 1 7 2564.7143 19101.52580 -4898.0 2564.7143
X129 29 test ddARS@16 1 12 5971.9167 32482.22924 -7254.5 682.3000
X130 30 training ddARS@16 1 7 4288.1429 17703.09537 -3327.0 4288.1429
X131 31 test ddARS@17 1 10 117 .4000 92.86573 104.5 112.7500
X132 32 training ddARSe17 1 7 2318.0000 19147.78732 -5366.0 2318.0000
X133 33 test ddARS©18 1 12 7571.9167 31547.80358 -4260.5 2646.4000
X134 34 training ddARS@18 1 8 11000.1250 18965.61218 368.0 11000.1250
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Plots for participant level:
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we will save some plots for participants’ performance
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Should we need a realignment? Let’s now consider the performance of a participant:

out_iresp out_tref out tresp out tdelta
9789
19095
26703
28606
34085
39778
50998
54718
62294
64107
71647

# A tibble: 12 x 4
1 1 9375
2 2 18750
3 3 28125
4 4 33750
5 5 39375
6 6 50625
7 7 54375
8 8 63750
9 9 73125
10 10 76875
11 11 -1
12 12 -1

The fifth and seventh clicks should be considered as referred to the same target event.
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Let’s now consider another participant:

# A tibble:

11 x 4

out_iresp out_tref out tresp out tdelta

1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
11 11

9375
187560
28125
33750
39375
50625
54375
63750
73125
76875

-1

8258
10141
19211
28500
33779
39463
50962
54528
63861
73310
76974

-1117
-8609
-8914
-5250
-5596
11162
-3413
-9222
-9264
-3565
76975

Here the second click is shifting the whole timeseries

2000



# A tibble: 11 x 4
out_iresp out_tref out tresp out tdelta

1 1 9375 8258 -1117
2 2 18750 10141 -8609
3 3 28125 19211 -8914
4 4 33750 28500 -5250
5 5 39375 33779 -5596
6 6 50625 39463 -11162
7 7 54375 50962 -3413
8 8 63750 54528 -9222
9 9 73125 63861 -9264
10 10 76875 73310 -3565
11 11 -1 76974 76975

In this case, no extra-click or double click are observed.

We can adopt a realignment algorithm as NW. The aim of the realignment procedure is not to
improve temporal accuracy, but to correct only erroneous target-response associations.
Therefore, the algorithm should intervene exclusively when introducing an extra response or a
missed target yields a more plausible alignment than the original sequence. Otherwise, temporal
deviations—even large ones—should be retained as valid measures of participant performance
rather than being corrected by the preprocessing procedure.

Parameterization of the Needleman-Wunsch algorithm for the Anticipatory
Planning task

Unlike the tapping paradigm, the Anticipatory Planning task does not require continuous
synchronization with a periodic beat. Instead, participants are instructed to produce a single
response for each target event (i.e., the last note of each rhythmic cluster). Consequently, the
purpose of the Needleman-Wunsch algorithm (see other supplementary files for a more detailed
explanation) is not to estimate synchronization accuracy but to reconstruct the most plausible
correspondence between the sequence of target events and the sequence of participants’
responses.

Following visual inspection of individual time series, the alignment procedure was designed to
be as conservative as possible. The algorithm should modify the original pairing only when the
hypothesis of an insertion (extra response) or deletion (missed response) explains the observed
sequence substantially better than the original alignment. Large temporal errors alone should
not trigger realignment.

Accordingly, the three parameters of the algorithm are defined with reference to two distinct
temporal scales.

1. Double-click threshold

The double-click threshold is based on the temporal extent of a single rhythmic cluster rather
than on the underlying beat. Two responses occurring within the temporal boundaries of the
same cluster are considered candidate autocorrections (or repeated attempts to respond to the
same target) and therefore should not automatically induce a shift of the subsequent alignment.



2. Maximum matching distance

The maximum admissible distance for matching a response to a target is expressed as a
proportion of the temporalinterval separating consecutive target events. This parameter defines
the temporal region within which a response can plausibly be assigned to a given target before it
becomes more likely to belong to an adjacent target.

3. Gap penalty

The cost associated with inserting a gap (i.e., declaring an extra response or a missed target) is
likewise expressed as a proportion of the interval between consecutive targets. The gap penalty
therefore determines the amount of temporal mismatch that the algorithm is willing to tolerate
before preferring to realign the sequences through an insertion or deletion.

Overall, this parameterization aims to preserve genuine timing variability while correcting only
those cases in which sequence misalignment is substantially more plausible than large temporal
error.

Since target events are separated by long temporal intervals, the gap penalty was expressed as a
proportion of the interval between consecutive targets. This allows the algorithm to tolerate
substantial timing variability while preventing isolated extra responses from propagating
alignment errors across the remainder of the sequence.

ANTICIPATORY PLANNING TASK:

Order-preserving temporal realignment
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ANTICIPATORY PLANNING TASK:
ORDER-PRESERVING TEMPORAL REALIGNMENT

Assumptions:

- the input dataset already contains only the TEST condition
- out_tref = expected target times

- out_tresp = recorded response times

- -1 indicates that no target/response is present on that row

Outputs:

- per_target

- false_alarms

- double clicks removed

- response_status

- diagnostics

- dataANT_aligned
B B o e e e e e o
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library(dplyr)
library(tibble)

Attaching package: 'tibble’

The following object is masked from 'package:sjmisc':

add_case

# 1) CENTRAL PARAMETERS
params_ANT <- list(

# Mechanical double clicks:

# consecutive responses separated by <= 100 ms
# are treated as duplicate motor events.
double click ms = 100,

# A response can be matched to a target only when its

# temporal distance does not exceed 50% of the relevant
# local target-to-target interval.

max_match _frac = 0.50,

# Cost of declaring one missed target or one false alarm.
# Match costs are normalised by the relevant local

# target-to-target interval.

gap_penalty = 0.50

# 2) DATA PREPARATION

# Use a stable identifier to reconnect the aligned output
# to the original dataset.

if (!"rowid" %in% names(dataANT_test)) {

dataANT_test <- dataANT_test %>%
mutate(rowid = dplyr::row_number())

# 3) REMOVE MECHANICAL DOUBLE CLICKS

Only extremely close responses are collapsed here.

Subsequent responses within double click ms are stored

#

#

# The first response is retained.

#

# separately as double click removed.



#

# Responses farther apart are NOT removed:

# NW will determine whether they are matched responses
# or false alarms.

collapse_double clicks_ANT <- function(
t_resp,
resp_rowid,
double click ms = 100

) A

if (length(t_resp) != length(resp_rowid)) {
stop("t_resp and resp_rowid must have the same length.")

}

response_tbl <- tibble(
t resp = t_resp,
resp_rowid = resp_rowid
) %>%
filter(
lis.na(t_resp),
is.finite(t_resp),
t resp = -1
) %>%
arrange(t_resp, resp _rowid)

empty removed <- tibble(
retained resp rowid = integer(9),
retained tresp = numeric(9),
removed resp rowid = integer(9),
removed tresp = numeric(9),
interval ms = numeric(0),
response_status = character(9)

)
if (nrow(response_tbl) <= 1) {

return(
list(
responses = response_tbl,
removed = empty removed
)
)
}

kept _indices <- integer(9)
removed <- empty removed

i<-1



while (i <= nrow(response_tbl)) {
j<-1i

# Extend the cluster while consecutive responses
# remain within the mechanical-double-click threshold.
while (

j + 1 <= nrow(response _tbl) &&

(

response_tbl$t resp[j + 1] -
response _tbl$t resp[j]
) <= double click ms

) A

j<-j+1
}

cluster _indices <- i:j

# Keep the first response in the cluster.
kept_indices <- c(kept_indices, i)

if (length(cluster_indices) > 1) {
removed _indices <- cluster_indices[-1]

removed <- bind rows(
removed,
tibble(
retained resp rowid =
response_tbl$resp rowid[i],

retained tresp =
response_tbl$t _resp[i],

removed _resp rowid =
response_tbl$resp rowid[removed indices],

removed _tresp =
response_tbl$t resp[removed indices],

interval ms =
response_tbl$t resp[removed indices] -
response_tbl$t resp[i],

response_status =
"double click removed"



}

**
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}

i<-j+1

¥

list(
responses = response_tbl[kept indices, ],
removed = removed

)

4) LOCAL TEMPORAL SCALE FOR EACH TARGET

For each target:

- an early response is scaled relative to the interval
between the current and previous target;

- a late response is scaled relative to the interval
between the current and following target.

For the first and final targets, the only available
adjacent interval is used.

calculate_local_target_intervals <- function(t_ref) {

n <- length(t_ref)

if (n < 2) {
stop(
"At least two target times are required to calculate
"local target-to-target intervals."”

)

¥
target_intervals <- diff(t_ref)

if (
any(!is.finite(target_intervals)) ||
any(target_intervals <= 9)
) {
stop(
"Target times must be finite and strictly increasing.”
)
¥

previous_interval <- numeric(n)
next_interval <- numeric(n)

)



**
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# First target: use the following interval on both sides.
previous_interval[l] <- target intervals[1]
next _interval[l] <- target intervals[1]

# Last target: use the preceding interval on both sides.
previous_interval[n] <- target intervals[n - 1]
next _interval[n] <- target intervals[n - 1]

if (n > 2) {

previous _interval[2:(n - 1)] <-
target_intervals[1:(n - 2)]

next _interval[2:(n - 1)] <-

target_intervals[2:(n - 1)]
¥

tibble(
target_index = seq_len(n),
previous target _interval ms = previous interval,
next target interval ms = next _interval

)

5) TARGET-RESPONSE MATCH COST

The match cost is:

|response - target| / relevant local target interval
Thus:

0.00 = exact response

error equal to 25% of the local interval
error equal to 50% of the local interval

o0
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o

A match is forbidden if the normalised distance exceeds
max_match_frac.

local_match_cost <- function(

)

target time,
response_time,
previous_interval ms,
next_interval ms,
max_match_frac

{

delta ms <- response_time - target time



# Anticipated response:
# scale against the distance from the previous target.
if (delta ms < @) {

local interval ms <- previous_interval ms
} else {

# Delayed response:
# scale against the distance to the following target.
local interval ms <- next_interval ms

¥

if (
lis.finite(local _interval ms) ||
local interval ms <= ©

) {
return(Inf)

¥

normalised distance <-
abs(delta_ms) / local interval ms

if (normalised_distance > max_match_frac) {
return(Inf)

}

normalised distance

# 6) NEEDLEMAN-WUNSCH DYNAMIC-PROGRAMMING ALIGNMENT

align_times_dp_ ANT <- function(
t_ref,
t_resp,
previous_intervals ms,
next_intervals ms,
gap_penalty = 0.50,
max_match_frac = 0.50

) A

n <- length(t_ref)
m <- length(t_resp)

if (
length(previous_intervals ms) != n ||
length(next_intervals ms) != n



) {
stop(
"The local-interval vectors must have one value ",

"for every target."

)

Cumulative-cost matrix.
<- matrix(

Inf,
nrow
ncol

[@ =S

n+1,
m+ 1

Backtracking matrix:

match

2 = missed target
3 = false alarm
<- matrix(

NA integer ,

nrow = n + 1,
ncol =m+ 1

)

1
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C[1, 1] <- o
# First column:
# all target events are missed.
if (n > 0) {
for (i in seq_len(n)) {

C[i+ 1, 1] <-
C[i, 1] + gap_penalty

B[i + 1, 1] <- 2L

}
}

# First row:
# all responses are false alarms.
if (m > 0) {

for (j in seq_len(m)) {

C[1, j + 1] «<-
C[1, j] + gap_penalty

B[1, j + 1] <- 3L



}
}

# Fill the dynamic-programming matrices.
if (n > 0 & m > Q) {

for (i in seqg_len(n)) {
for (j in seq_len(m)) {

match_cost <- local match cost(
target _time = t _ref[i],
response_time = t resp[j],
previous interval ms =
previous_intervals ms[i],
next_interval ms =
next_intervals ms[i],
max_match frac = max_match_frac

)

candidate costs <- c(

# Target-response match.
C[i, j] + match _cost,

# Missed target.
C[i, j + 1] + gap_penalty,

# False alarm.
C[i + 1, j] + gap_penalty
)

best move <- which.min(candidate costs)

C[i+1, j+ 1] «<-
candidate costs[best move]

B[i + 1, j + 1] <-
best _move
}

}
}

# Backtracking.
i<-n+1
j<-m+1

matches <- list()
missed_targets <- integer(0)



false _alarms <- integer(®0)
while (i > 1 || § > 1) {
move <- B[i, j]

if (is.na(move)) {

stop(
pasted(
"Undefined backtracking move at matrix position i = ",
i,
= j =",
J»
)
)
}

if (move == 1L) {

matches[[length(matches) + 1]] <-
C(i B 1: j - 1)

i<-1-1
j<-3-1

} else if (move == 2L) {

missed_targets <- c(
missed_ targets,

i-1
)
ic-1i-1
} else {

false_alarms <- c(
false alarms,
j-1

)

j<-3j-1
}
}

matches <- if (length(matches) > 0) {



do.call(
rbind,
rev(matches)

)
} else {

NULL
}

list(
matches = matches,
missed targets = sort(missed targets),
false alarms = sort(false alarms),
total cost = C[n + 1, m + 1]

# 7) REALIGN ONE PARTICIPANT/STIMULUS SEQUENCE

realign_one_sequence_ANT <- function(
df _sequence,
p = params_ANT

) {
required _columns <- c(
"rowid",
"out_tref",
"out_tresp"

)

missing columns <- setdiff(
required columns,
names (df_sequence)

)

if (length(missing columns) > @) {

stop(
paste(
"Missing required columns:",
paste(missing columns, collapse = ", ")
)
)
¥
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# Reconstruct the target sequence independently.
#



# A row with out tref == -1 is not a target row, but its
# out_tresp may still contain a genuine response.

target _tbl <- df sequence %>%

filter(
lis.na(out_tref),
is.finite(out_tref),
out_tref != -1

) %>%

transmute(
target rowid = rowid,
t ref = out_tref

) %>%

arrange(t_ref, target rowid)

# Reconstruct the response sequence independently.

#

# A row with out tresp == -1 contains no response, but its
# out_tref may still represent a missed target.

response_tbl raw <- df _sequence %>%

filter(
lis.na(out_tresp),
is.finite(out_tresp),
out_tresp = -1

) %>%

transmute(
resp_rowid = rowid,
t resp = out_tresp

) %>%

arrange(t_resp, resp rowid)

if (nrow(target _tbl) < 2) {

stop(
"This sequence contains fewer than two valid targets."

)
}

# Collapse only mechanical double clicks.
collapsed <- collapse double clicks ANT(
t resp = response tbl raw$t resp,
resp _rowid = response tbl raw$resp rowid,
double click ms = p$double click ms

)

response_tbl clean <- collapsed$responses



double clicks removed <- collapsed$removed

# Calculate target-specific temporal scales.

local intervals <- calculate local target intervals(
target tbl$t ref

)

target _tbl <- target tbl %>%
bind cols(
local intervals %>%
dplyr::select(
previous target interval ms,
next target interval ms

)
)

# Run NW alignment.
alignment <- align times dp ANT(
t ref = target tbl$t ref,
t resp = response tbl clean$t resp,
previous_intervals ms =
target_tbl$previous target interval ms,
next_intervals ms =
target _tbl¢$next target interval ms,
gap _penalty = p$gap _penalty,
max_match_frac = p$max_match frac

per_target <- target tbl %>%
mutate(

target status = "matched",
matched resp index = NA integer ,
matched resp rowid = NA integer ,
t _resp _aligned = NA real ,
out_tdelta aligned = NA real ,
local interval used ms = NA real ,
normalised match_cost = NA real

)

if (
lis.null(alignment$matches) &&
nrow(alignment$matches) > ©

) A

matched target _indices <-
alignment$matches[, 1]



matched response _indices <-
alignment$matches[, 2]

per_target$matched resp index[
matched_target indices
] <- matched _response indices

per_target$matched resp rowid[
matched_target indices

] <- response tbl clean$resp rowid[
matched _response _indices

]

per_target$t resp aligned][
matched_target indices

] <- response tbl clean$t resp[
matched _response _indices

]

per_target$out tdelta aligned[
matched_target indices
1 <-
per_target$t resp aligned|
matched_target_indices
1| -
per_target$t ref[
matched target indices

]

# Store the local denominator actually used.
for (k in matched_target_indices) {

if (per_target$out tdelta aligned[k] < ©) {

per_target$local interval used ms[k] <-
per_target$previous_target interval ms[k]

} else {

per_target$local interval used ms[k] <-
per_target$next target interval ms[k]

}

per_target$normalised match cost[k] <-
abs(per_target$out tdelta aligned[k]) /
per_target$local interval used ms[k]



# Missed targets.
if (length(alignment$missed targets) > 0) {

per_target$target status]
alignment$missed targets
] <- "missed target"

false_alarms <- if (
length(alignment$false alarms) > ©

) A

response_tbl clean|
alignment$false alarms,

3
drop = FALSE
1 %>%
mutate(
response_status = "false alarm"

)

} else {

tibble(
resp_rowid = integer(o0),
t _resp = numeric(9),
response_status = character(9)

response_status <- response tbl clean %>%

mutate(
response_status = "matched response",
matched _target rowid = NA_integer_
)
if (

lis.null(alignment$matches) &&
nrow(alignment$matches) > ©

) A



matched target indices <-
alignment$matches[, 1]

matched response _indices <-
alignment$matches[, 2]

response_status$matched target rowid[
matched _response _indices
] <- target tbl$target rowid]
matched_target indices
]
}

if (length(alignment$false alarms) > 0) {

response _status$response status|
alignment$false alarms
] <- "false_alarm"

}

# Add mechanically removed responses.
if (nrow(double clicks removed) > 0) {

double click status <-

double clicks removed %>%

transmute(
resp_rowid = removed resp rowid,
t_resp = removed_tresp,
response_status =

"double click removed",

matched target rowid = NA integer_

)

response_status <- bind rows(
response_status,
double click status

) %>%
arrange(t_resp, resp rowid)

diagnostics <- tibble(
total alignment cost =
alignment$total cost,

n_targets =
nrow(target tbl),



n_raw_responses =
nrow(response_tbl raw),

n_clean_responses =
nrow(response_tbl clean),

n_matches =
sum(per_target$target status == "matched"),

n_missed targets =
sum(per_target$target status == "missed target"),

n_false alarms =
nrow(false alarms),

n_double clicks removed =
nrow(double clicks removed),

double click ms =
p$double click ms,

max_match_frac =
p$max_match frac,

gap_penalty =
p$gap penalty
)

list(
per_target = per_target,
false alarms = false_alarms,
double clicks removed =
double clicks removed,
response status = response_ status,
diagnostics = diagnostics

# 8) REALIGN THE COMPLETE DATASET

realign_all ANT <- function(
data,
group_vars = c("participant ID", "id audio"),
p = params_ANT

) {



missing group vars <- setdiff(
group_vars,
names (data)

)
if (length(missing group vars) > 0) {

stop(
paste(
"Missing grouping columns:",
paste(missing group vars, collapse = ", ")
)
)
¥

keys <- data %>%
distinct(
across(all of(group vars))
) %>%
arrange(
across(all of(group vars))

)

per_target all <- list()
false _alarms_all <- list()
double clicks all <- list()
response_status_all <- list()
diagnostics_all <- list()

for (i in seq_len(nrow(keys))) {
current_key <- keys[i, , drop = FALSE]
df _sequence <- data
for (group_variable in group_vars) {

current_value <-
current_key[[group_variable]][1]

if (is.na(current_value)) {

df sequence <- df sequence %>%
filter(is.na(.data[[group_variable]]))

} else {

df sequence <- df _sequence %>%
filter(



.data[[group_variable]] ==
current_value

}
}

if (nrow(df _sequence) == 0) {
next

}

result <- realign_one_sequence ANT(
df sequence = df_sequence,
p=pP

)

add_group_values <- function(tbl) {

if (is.null(tbl)) {
return(tbl)

}

for (group_variable in group_vars) {
tbl[[group_variable]] <-

current_key[[group_variable]][1]
tbl

}

per target all[[length(per_target all) + 1]] <-
add_group values(result$per target)

false alarms_all[[length(false_alarms_all) + 1]] <-

add _group _values(result$false alarms)

}

double clicks all[[length(double clicks all) + 1]] <- add_group values(
result$double clicks removed

)

response_status_all[[length(response status _all) + 1]] <- add_group values(
result$response status

)

diagnostics_all[[length(diagnostics _all) + 1]] <- add_group values(
result$diagnostics

)



list(

per_target =
bind rows(per_target _all),

false alarms =
bind rows(false alarms_all),

double clicks removed =
bind rows(double clicks all),

response_status =
bind rows(response_status all),

diagnostics =
bind rows(diagnostics all)

# 9) RUN THE COMPLETE REALIGNMENT

RA_ANT <- realign_all ANT(
data = dataANT test,
group_vars = c("participant ID", "id audio"),
p = params_ANT

)

# 10) CREATE OUTPUT OBJECTS

per_target <- RA_ANT$per target %>%
mutate(alignment _version = "central")

false alarms <- RA_ANT$false alarms %>%
mutate(alignment _version = "central")

double clicks removed <-
RA_ANT$double clicks removed %>%
mutate(alignment _version = "central")

response status <- RA ANT$response status %>%
mutate(alignment _version = "central")

diagnostics <- RA ANT$diagnostics %>%
mutate(alignment _version = "central")

# 11) JOIN ALIGNED INFORMATION BACK TO THE ORIGINAL DATASET



dataANT aligned <- dataANT_test %>%

# Target-level alignment:
left join(
per_target %>%
dplyr::select(
target rowid,
target status,
matched resp rowid,
t_resp_aligned,
out_tdelta aligned,
previous target interval ms,
next target interval ms,
local interval used ms,
normalised _match_cost
)>
by = c("rowid" = "target_rowid")
) %>%

# Status of every recorded response:
left join(
response_status %>%
dplyr::select(
resp_rowid,
response_status,
matched target rowid

)>
by = c("rowid" = "resp rowid")
) %>%
mutate(
alignment_version = "central"®,

double click ms =
params_ANT$double click ms,
max_match_frac =
params_ANT$max_match_frac,
gap_penalty =
params_ANT$gap_ penalty

# 12) CHECK THE OUTPUTS
View(per_ target)
View(false alarms)

View(double clicks removed)



View(response status)
View(diagnostics)

View(dataANT aligned)

In contrast to the tapping paradigm, all temporal thresholds were defined relative to the local
interval between consecutive target events rather than to a fixed metrical period. Specifically,
the maximum admissible target-response distance (max_match_frac) and the gap penalty were
both set to 0.50, meaning that responses could only be matched when their temporal deviation
did not exceed 50% of the adjacent target-to-target interval. Likewise, the cost of declaring a
missed target or a false alarm was set to 0.50 in normalized units, corresponding to the temporal
error associated with half of the local target interval. Mechanical double clicks were identified
separately using a fixed threshold of 100 ms, reflecting rapid duplicate motor responses rather
than genuine attempts to respond to different target events.

Plots realignment for participant level

The case in which a double click shifted the timeseries, is now solved:

Timing anticipation - ddARS018
10 matched targets | 0 missed targets | 10 matched responses | 2 false alarms

Target X X X X X X X X X X

Child response ° L] x o ) L] ° ] * o L] [ ]

20000 40000 60000 8000C
Time from audio onset (ms)

Alignment status % false_alarm X matched @ matched_response



Target-centered timing anticipation - ddARS018
Group: DYS | Negative values = anticipation; positive values = delayed response; crosses = missed targets

Target 1 1 L 2

Target 2 1

Target 3 4

Target 4

Target 5

Target 6 1

Target 7

Target 8 1

Target 9 1

Target 10

-2000 -1000 0 1000 2000
Aligned response time relative to target (ms)

# A tibble: 10 x 8
out_iresp out tref out tresp t resp aligned out tdelta out tdelta aligned

1 1 9375 9789 9789 414 414
2 2 18750 19095 19095 345 345
3 3 28125 26703 28606 -1422 481
4 4 33750 28606 34085 -5144 335
5 5 39375 34085 39778 -5290 403
6 6 50625 39778 50998 -10847 373
7 7 54375 50998 54718 -3377 343
8 8 63750 54718 64107 -9032 357
9 9 73125 62294 71647 -10831 -1478
10 10 76875 64107 77166 -12768 291

Also in this case, in whic an additive click shifted the timeseries, all the clicks are now realigned
to the target:

# A tibble: 10 x 8
out_iresp out tref out tresp t resp aligned out tdelta out tdelta aligned

1 1 9375 8258 10141 -1117 766
2 2 18750 10141 19211 -8609 461
3 3 28125 19211 28500 -8914 375
4 4 33750 28500 33779 -5250 29
5 5 39375 33779 39463 -5596 88
6 6 50625 39463 50962 -11162 337
7 7 54375 50962 54528 -3413 153
8 8 63750 54528 63861 -9222 111
9 9 73125 63861 73310 -9264 185
10 10 76875 73310 76974 -3565 99



GROUP COMPARISON

Statistical model

DYS TDC
double_click_removed © 2
false alarm 20 14
matched_response 185 194

Fisher's Exact Test for Count Data

data: table(dataANT_aligned$response_status, dataANT_aligned$Group)
p-value = 0.196
alternative hypothesis: two.sided

Histogram of dataANT _aligned$out_tdelta_aligne
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Histogram of dataANT _aligned1$out_tdelta_aligne
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Analysis of Deviance Table (Type III Wald chisquare tests)

Response: out_ tdelta aligned

Chisq Df Pr(>Chisq)
(Intercept) 36.2992 1 1.692e-09 ***
Group 0.3012 1 0.5831

Signif. codes: © '***' 9,001 '**' @.01 '*' ©0.05 '.' 0.1 ' ' 1

Linear mixed model fit by REML ['lmerMod']
Formula: out_tdelta aligned ~ Group + (1 | participant_ID)
Data: dataANT alignedl

REML criterion at convergence: 4823
Scaled residuals:

Min 1Q Median 3Q Max
-5.4173 -0.4719 -0.0784 0.4692 4.3076

Random effects:

Groups Name Variance Std.Dev.
participant ID (Intercept) 17026 130.5
Residual 20223 142.2

Number of obs: 373, groups: participant ID, 39



Fixed effects:

Estimate Std. Error t value
(Intercept) 191.52 31.79 6.025
GroupTDC -24.34 44 .35 -0.549

Correlation of Fixed Effects:
(Intr)
GroupTDC -0.717

mod_ant)
0 400
L1 1

residuals(
-400
|
o)

1 0187

-800

norm quantiles

Accurate responses:

DYS TDC
0 86 75
1 99 119

# A tibble: 33 x 4

Group participant ID accuratezza Count

DYS ddARS©02
DYS ddARS©03
DYS ddARS006
DYS ddARS©07
DYS ddARS008
DYS ddARS©09

OV WNR
PR RPRRRPR

NNRER RO




7 DYS ddARS©10
8 DYS ddARSO11
9 DYS ddARS012
10 DYS ddARS©13

PR PR
No oW

Percentage of accurate responses on the whole sample:
0 1
42.48% 57.51%

Group-comparison on accuracy

We will run a non-parametric group comparison on participant’s total score

Wilcoxon rank sum test with continuity correction

data: count_accTEST$Ant acc by count _accTEST$Group
W = 104.5, p-value = 0.2578
alternative hypothesis: true location shift is not equal to ©



