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METHOD

Functional transcranial Doppler ultrasonography (fTCD) is a technique used to record cerebral
blood flow (CBF). Its high temporal resolution makes it a highly useful method for studying CBF
responses during cognitive performance, for example during arithmetic tasks (Connaughton et
al., 2017; Montoro et al., 2015; Moreel et al., 2026). Transcranial direct current stimulation
(tDCS) has been applied for the modulation of different cognitive aspects (Hartmann et al.,
2024; Hussain et al., 2024; Lazzaro et al., 2022; Mosbacher et al., 2020), with inconsistent
results. tDCS has sometimes shown observable changes in cognitive task performance
(Hartmann et al., 2024), whereas on other occasions the underlying effects were not reflected
on a behavioral level (Mosbacher et al., 2020). Moreover, the effects of tDCS on performance
during arithmetic tasks while fTCD is used to record changes in CBF remain unexplored. These
findings could offer new insights into the mechanisms underlying the cognitive effects of
neuromodulation.

• Participants: 47 healthy right-handed young adults, undergraduate psychology students.
• Conditions: Anodal tDCS over P3 (cathode over Fp2) or placebo (sham) for 20 minutes at

1.5 mA (n = 21 verum + 26 sham).
• Design: Between-groups.
• Task: Simple addition arithmetic task (Montoro et al., 2015).

✓ Presentation of a fixation point, a black cross on a white background, whose
disappearance signals the appearance, after a 5-second delay, of two digits to be
added. The task consists of 15 trials.

✓ Instructions: Indicate the last digit of the sum as quickly and accurately as possible.
✓ Performance: Correct responses, errors, and reaction time.

• Physiological measures: Recording of CBF velocity using fTCD with the Multi-Dop L2
system (DWL Elektronische Systeme, Sipplingen, Germany).
✓ The middle cerebral artery (MCA) was recorded bilaterally at a depth of 48–55 mm.

• Procedure: tDCS was applied for 20 minutes; subsequently, an fTCD recording was
performed simultaneously with the execution of the arithmetic task (See Figure 1.
Procedure).

Figure 1. Procedure

No significant differences were observed in task performance measures (accuracy and reaction
time). Regarding the CBF response in the left MCA, no significant component × condition
interaction was observed (F(5,225) = 7.272, p = .287); however, in the right MCA a significant
component × condition interaction was found (F(5,225) = 3.676, p = .017) for components A (-
.18 ± 1.03 vs. -.56 ± 1.13, p = .022), B3 (2.66 ± 2.74 vs. .89 ± 3.15, p = .046), and component C
(2.34 ± 2.87 vs. -.16 ± 2.74, p = .004). The effect was marginal for component B2 (2.80 ± 2.83 vs.
1.03 ± 3.33, p = .055) (See Figure 2. Changes in CBF velocity).
Marginal correlations were observed between component C in the right MCA and correct
responses (r = .292, p = .057) and errors (r = -.292, p = .057).

The results show an effect of anodal tDCS over P3 on CBF during the arithmetic task execution,
with modulations in CBF observed only in the right MCA, increasing the percentage change in
CBF velocity prior to the appearance of the task and decreasing during and after the execution
of the task. However, tDCS did not produce behavioral effects on task performance. These
findings suggest that tDCS may be facilitating preparatory activation while reducing the activity
of areas irrelevant to the task. These results highlight the potential of tDCS in modulating CBF
responses and demonstrate that fTCD is an effective technique for evaluating CBF changes
induced by tDCS.

ANALYSES:
• Five components were visually identified: A) An early component associated with the

disappearance of the fixation point; B) Three late components associated with the
appearance of the numbers and task execution (B1, B2, and B3); C) A decrease associated
with recovery processes and return to baseline.

• Mixed repeated-measures ANOVA: Components as a within-subject factor, tDCS condition
as a between-subject factor.

• Post-hoc analyses: Pairwise comparisons of estimated marginal means with Bonferroni
correction.

• Independent-samples t-test for task performance measures.
• Bivariate correlations between task performance and components.

Anodal tDCS applied over the P3 area modulates CBF associated with an arithmetic-type 
cognitive task, although this effect is not observable at the behavioral level during task 
performance, maybe due to a celling effect of the task used.
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Figure 2. Changes in CBF velocity
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