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A) Under-sampling the multi-echo fMRI Looping Star trajectory

1080 spokes per volume

Figure A: Under-sampled 1080 spoke per volume (top) vs fully sampled 3600 spokes per
volume (bottom) trajectories that can be used for a 3.2mm resolution and 19.2cm field-of-
view in Looping Star. Full sampling refers to the number of spokes per volume being
equivalent to the square of the matrix size. Red and green trajectory “loops” indicate pseudo-
random orientations. kx, ky and k; indicate the three dimensions of k-space. The under-
sampled trajectory was used in this study for Looping Star fMRI to reduce repetition time.



B) Pre-processing Pipeline
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Figure B: Pre-processing pipeline workflow for each modality, also detailed with
accompanying references for software used in Methods (Section 2.4). FID = free induction
decay, FWHM = full-width, half-maximum.



C) Regions of Interest Visualisation

Figure C1: Grey matter mask (tissue prior template from SPM-12 software) with auditory
region-of-interest (ROI) from Neurosynth for term “auditory” thresholded at z = 5 (Yarkoni
et al, 2011) overlaid in red.

Figure C2: Grey matter mask (tissue prior template from SPM-12 software) with auditory
region-of-interest (ROI) from Neurosynth for term “auditory” thresholded at z = 8 (Yarkoni
et al, 2011) overlaid in red.

Figure C3: Grey matter mask (tissue prior template from SPM-12 software).



D) Raw Data Example

GRE-EPI

Figure D: Raw images of Looping Star individual echoes (free induction decay — FID, echo
1 — GRE, echo 2 — GRE2) and GRE-EPI data for one participant. Images shown prior to any
reorientation, cropping, bias field correction or rescaling.



E) Behavioural & Physiological Results

Methods - Physiology

The physiological data from one participant in the second session was excluded due to severe
artefacts in the pulse oximeter recording. First, an in-house MATLAB (Mathworks, 2019)
script was used to locate the peaks in the pulse oximeter data and identify the inter-beat
interval (IBI). The Kubios software (Tarvainen et al, 2014) was then used for threshold-based
artefact correction, during which every IBI value is compared against a local average interval.
If the IBI differed from the local average by more than 0.45 seconds (‘very low’ threshold in
software), then it was identified as an artefact (Tarvainen et al, 2019). Kubios was also used
to calculate the mean heart rate over a duration of 10 minutes, given these IBI values. The
measure of interest was the mean heart rate over this duration, representative of the length of

the paradigm, to identify any global changes in exertion.

Time per respiratory volume (or sampling period) was derived using the PhysIO
toolbox within the TAPAS software in SPM-12 (Kasper et al, 2017). As stated in the
software scripts and by Birn et al (2006), this is computed using filtered respiratory readings;
interpolating the maximum and minimum breathing amplitudes between detected peaks and
dividing them by interpolated durations between the maximum amplitudes of the breathing
signals. The inputs included the TR, sampling interval of the physiological recording and
number of scans per modality, with the slice to slice timing set as the TR for Looping Star
given its three-dimensional acquisition. The mean and standard deviation for the sampling
period were computed across the time series. Differences in the mean physiological measures
from the different modalities and sessions were deemed statistically significant based on a
simple two-sample T-test with equal variances assumed in Microsoft Excel with the Data

Analysis Add-on, if the p-value (one-tailed) < 0.05 for a hypothesised difference = 0.



Physiology Results
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Figure E1: Physiology results for Looping Star (LS) and GRE-EPI for each session (Sess1 =.
Session 1, Sess 2 = Session 2). (top) Mean heart rate across modality for duration 10 minutes.
(bottom) Average respiratory volume per time point for each modality. No statistically
significant differences identified.

Mean Respiratory Volume per Time Point

Methods - Behaviour

Task performance accuracy was defined as whether a Novel or Deviant tone was correctly
detected, according to the responses measured from the button box. Reaction time, between
the onset of the tone and button press, was also recorded. The number of responses to Novel
and Deviant tones that were accurate (< 625ms from onset) were summed with those that
were late (> 625ms but < 1250ms). This was performed as the interval between tone onsets
was very short, meaning fast reaction times were required: upon inspection of the behavioural
data, we found many responses that appeared within the following onset (i.e. between 625ms
and 1250ms after the previous onset), therefore indicating an accurate but delayed response.
We also explored the accuracy before and after the Standard and Deviant tones were
swapped. Simple paired t-tests were performed using the Microsoft Excel Data Analysis add-
on, with alpha = 0.05 and a hypothesised difference of zero. Results were deemed statistically

significant if the p-value (one-tailed) < 0.05.
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Figure E2: Behavioural results summarised for Looping Star and GRE-EPI. A) Between
modality and between session tests are summarised. B) Between tone (Novel and Deviant)
differences within session and within modality tests are summarised. No significant
differences were found for any groups of tests (represented by parentheses).



Table E1: Behavioural results summary of accuracy values, purple font indicates highest
percentage accuracy across modality and session for each tone.

Session Type | Number of Number of Number of | Number of | Total Total
Deviant Tones | Novel Tones | Deviant Novel Tones | Deviant Novel
Accurately Accurately Tones Detected Tones Tones
Detected Detected Detected >625ms Detected Detected
>625ms Late
Late
GRE-EPI 57.8+9.3 51.5+7.0 7.1£8.8 4.5+7.2 64.8+1.4 56.0+0.6
Session 1 /66 /57 /66 /57 /66 /57

(98.2%) (98.2%)

Looping Star | 67.3£3.3 55.7+2.6 3.9+£2.9 2.542.2 71.242.8 58.2+1.0
Session 1 /73 /59 /73 /59 /73 /59

(97.5%) (98.6%)

GRE-EPI 58.0+7.7 51.9+8.0 6.2+6.1 4.0+7.2 64.1+£3.9 55.9+2.8
Session 2 /66 /57 /66 /57 /66 /57

(97.2%) (98.1%)

Looping Star | 652 +7.8 53.0+6.4 5.8£7.0 4.846.0 70.9+£3.4 57.8+1.6
Session 2 /73 /59 /73 /59 /73 /59

(97.1%) (98.0%)

Pre-scan Test | 34.6 + 6.4 22.6+3.0 3.843.4 1.9£2.3 38.3£3.7 24.5+1.2
(Session 1) /41 /25 /41 /25 /41 /25

(93.5%) (98.0%)




Table E2: Overall sum of the number of missed tones across participants for each modality
and session, before and after the Standard and Deviant tones were swapped (half-way
through the paradigm). There was no significant difference (i.e. p(one-tailed) > 0.05) between
the overall number of tones missed before and after the swap for all modalities, using a
simple paired T-test.

Session Type Number of Number of Number of Number of
Novel Tones Novel Tones Deviant Tones Deviant Tones
Missed Before Missed After Missed Before Missed After
Swap Swap Swap Swap

GRE-EPI Session 1 5 8 1 8

Looping Star Session 1 | 4 6 12 10

GRE-EPI Session 2 4 7 8 11

Looping Star Session 2 | 8 2 14 8

Total number of 21 23 35 37

missed tones across

modality
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