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ABSTRACT

Objective: To examine the effect of a low dose (10 mg) of methylphenidate on cognitive performance, visuospatial working
memory (VSWM) and gaze behaviour capabilities in healthy adults.

Methods: This randomised, double-blind, placebo-controlled and crossover study examined the effects of 10 mg methylphe-
nidate on cognitive performance, VSWM and gaze behaviour. Fixation duration and rate, gaze transition entropy, and stationary
gaze entropy were used to quantify visual scanning efficiency in 25 healthy adults (36% female, mean + SD
age = 33.5 + 7.8 years, BMI = 24.1 + 2.9 kg/m?). Attention, memory, and reaction time were assessed using the E-CogPro test
battery.

Results: Methylphenidate significantly enhanced performance in numeric working memory tasks, reflected by reduced errors
and increased accuracy relative to placebo. No significant changes were observed in other cognitive or visual scanning metrics.
Conclusions: A low dose of methylphenidate improves limited domains of psychomotor speed and accuracy but does not affect
visual scanning efficiency. This suggests limited usefulness as a general pro-cognitive aid and raises the possibility of a lower
threshold of effect for measurable psychostimulant-induced changes to visual scanning behaviour. Further research is needed to
explore these potential dose-response relationships and effects across diverse populations.

Trial Registration: ACTRN12620000499987

1 | Introduction

and impulsivity (Biederman 2005). Neuroimaging studies have

Attention-deficit/hyperactivity disorder (ADHD) is a prevalent
psychiatric condition, diagnosed in approximately 2.6% of adults
and 7.6% of children globally (Salari et al. 2023; Song
et al. 2021). It is characterised by pervasive, developmentally
inappropriate and impairing levels of hyperactivity, inattention,

revealed an association between ADHD and hypofunction in
several brain regions, particularly the prefrontal cortex (PFC)
and striatum, which are linked to the cognitive deficits typically
observed (Bush, Valera, and Seidman 2005). Since the initial use
of amphetamine sulphate, also known by brand name Benze-
drine, stimulant-based medications such as methylphenidate
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have been considered the ‘gold standard’ for ADHD treatment
(Chan et al. 2023; Strohl 2011). Methylphenidate works by
inhibiting the reuptake of dopamine and noradrenaline, thereby
increasing their extracellular concentrations in key brain re-
gions such as the PFC, striatum, and hippocampus (Faraone
et al. 2004). This biochemical mechanism is believed to stabilise
cognitive functions, including working memory, processing
speed, and attentional control (Faraone et al. 2004). These im-
provements, which enhance skills crucial for social functioning,
emotional regulation, and academic success (Shellenberg
et al. 2020), underly the therapeutic efficacy of methylphenidate
for ADHD.

Given the well-documented therapeutic benefits of stimulant-
based medications for individuals with ADHD (Shellenberg
et al. 2020), these same medications are often used non-
medically, particularly among college students (Sharif
et al. 2021). Recently, certain centrally stimulating medications
have been colloquially referred to as ‘smart drugs’. This labelling
has fostered a potentially dangerous misconception that these
drugs enhance focus and productivity, with little-to-no side ef-
fects or risks (Partridge et al. 2011). It is estimated that around
17% of college students in the United States misuse stimulant
medication (Benson et al. 2015). An online poll conducted by
Nature magazine in 2008 further revealed that 12.4% of its
readership had used methylphenidate for non-medical pur-
poses, seeking off-label effects such as euphoria, prolonged
wakefulness, or enhanced cognitive performance (Maher 2008).
This phenomenon raises important questions about the extent
of methylphenidate’s objective cognitive enhancement capabil-
ities in the absence of underlying pathology. Moreover, using
methylphenidate without a prescription poses several risks,
including potential interactions with other medications and
undiagnosed cardiovascular issues, which may remain unno-
ticed in the absence of medical supervision (Kapur 2020).
Similarly, purchasing methylphenidate from online or non-
pharmaceutical vendors raises concerns about its authenticity,
the accuracy of the stated dosage, and the presence of harmful
contaminants.

Methylphenidate produces dose- and task-dependent effects on
numerous core cognitive domains in healthy adults, including
working memory and processing speed (Linssen et al. 2014). By
comparison, data outlining the scope and magnitude of alter-
ations to visual information processing capabilities produced
due to acute methylphenidate use, and the methods best suited
to quantify these changes, are lacking. Established pharmaco-
behavioural models outline how psychostimulant use critically
alters key chemical (predominantly dopamine) and neuroana-
tomical pathways implicated in visual-attentional processing
capabilities (Hayley, Shiferaw, and Downey 2021). Specifically,
drug-induced alterations to brain regions and functions that
similarly govern oculomotor control are proposed to produce
measurable changes in both static (e.g. saccadic and fixational)
and dynamic eye movements (e.g. gaze). These changes can be
quantified by examining the continuity and accuracy of visuo-
motor movement and performance, highlighting the close
pathophysiological relationship between oculomotor control
and higher-order, visually driven, cognitive processes. Thus,
measurement of movement related to the motion of the eye
reflects a potential direct measure of quantifying neurocognitive

capabilities under the influence of these centrally stimulating
drugs. Of interest, past work similarly proposes a potential
‘optimal range’ for psychostimulants, whereby low to moderate
doses produce some limited beneficial pro-cognitive effects, yet
this becomes maladaptive at high doses, particularly for prin-
cipally visual-based tasks (Hayley et al. 2024; Narayan
et al. 2021). As much of the existing experimental work on
methylphenidate has exclusively examined higher doses (Kas-
parbauer et al. 2016; Roberts et al. 2020), it remains unclear
whether this effect on neurobehaviour and cognition is similarly
observed under the acute effects of methylphenidate at this
lower dose. The current study therefore addresses these limi-
tations by utilising a placebo-controlled design to directly
compare visual attention and cognitive performance changes
attributable to low, therapeutic doses of methylphenidate in
healthy adults. Specifically, it aims to examine the effects of a
10 mg dose of methylphenidate on visual attention, visual
scanning, memory, and reaction time in a single cohort of
healthy adults, relative to placebo.

2 | Method

2.1 | Participants

Participants were healthy adults aged 21-45 years, recruited in
Melbourne, Australia, from May 2022 to November 2023 via
physical flyers and online advertisements. Inclusion criteria
required participants to be fluent in written and spoken English,
possess normal or corrected-to-normal vision and have a blood
pressure below 160/100 mmHg. Participants were excluded if
they reported a history or current diagnosis of psychiatric dis-
orders, as assessed by the Beck Depression Inventory [BDI
(Beck, Steer, and Brown 1996)] score of > 20 and the Beck
Anxiety Inventory [BAI (Beck, Steer, and Brown 1996)] score of
> 16. The presence of mood disorders, substance abuse or
dependence, or any significant psychological or neurological/
neurodevelopmental conditions, including ADHD, were
assessed by clinical interview. Participants taking psychoactive
medications with known or potential interactions with meth-
ylphenidate, as well as those who were pregnant, potentially
pregnant, or lactating, were also excluded.

2.2 | Design

In this randomised, double-blind, placebo-controlled and
crossover trial, participants received either 10 mg of methyl-
phenidate (Ritalin) or a placebo during the first session and the
alternate treatment in the subsequent session, separated by a 1-
week washout period. Randomisation was performed using a
computer-generated sequence [Research Randomiser Software
Version 4.0 (Urbaniak and Plous 2013)]. To reduce potential
learning and practice effects, participants completed cognitive
assessments twice before enrolment. Participants were instruc-
ted to abstain from consuming food and drinks (excluding wa-
ter) for 2 hours, caffeine for 12 h, and alcohol and nicotine for
24 h prior to testing sessions. Participants were requested to
refrain from using psychoactive medicines or illicit drugs for the
duration of the study, unless already approved by the study
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physician. All participants provided written informed consent
prior to their enrolment in the study. Upon study completion,
participants were debriefed and compensated for their time and
travel (AUDS$100 total; AUD$50/session) and informed about
potential side effects. Ethical approval was granted by Swin-
burne University's Human Research Ethics Committee in
accordance with the National Statement on Ethical Conduct in
Human Research (2018) (National Health and Medical Research
Council, 2018), approval number 20202839-411. All study pro-
cedures followed were in accordance with the Helsinki Decla-
ration of 1975, as revised in 1983. The study protocol was
prospectively registered with the Australian New Zealand
Clinical Trials Registry (ANZCTR; ACTRN12620000499987).

2.3 | Procedure

On testing days, participants underwent a breathalyser test
(Lion Alcolmeter SD-400PA) to confirm a zero-blood alcohol
concentration (BAC). They also provided an oral fluid sample
which was screened for recent use of substances including delta-
9-tetrahydrocannabinol (THC), opiates, cocaine, amphetamines,
methamphetamine, and 3,4-methylenedioxymethamphetamine
(MDMA) using the Securetec DrugWipe 6s device. After con-
firming a negative drug screening, participants received their
assigned treatment (10 mg methylphenidate or placebo) and
underwent a 20-min absorption period before engaging in study
assessments. Cognitive performance and visuospatial working
memory (VSWM) were assessed at 20 min post-dosing (T1),
with this initial assessment timed to capture the early effects of
methylphenidate as it began to take effect. Subsequently, a 40-
min driving simulator task was conducted, though the results
of this task are not reported in this paper. A second, identical
cognitive and VSWM assessment were completed at 130-min
post-dosing (T2), closely aligning with the known peak plasma
concentration times for methylphenidate, which typically oc-
curs between 1 and 3 h after administration (Kimko, Cross, and
Abernethy 1999). The duration of each testing visit was
approximately 3 hours.

2.4 | Materials

2.41 | Cognitive Performance

Attention, memory and reaction time were assessed using the
online computerised test battery ECogPro (Ecog Pro Ltd.,
United Kingdom). Five distinct tasks to evaluate cognitive per-
formance were administered in a standardised form to partici-
pants on a study computer in a quiet environment.

e Simple reaction time: Participants were asked to respond to
the word YES when it appears on the screen by pressing
their right forefinger on the RIGHT arrow key. The word
appeared unpredictably, with 50 stimuli presented at
random intervals ranging from 1 to 3.5 s. Participants were
instructed to keep their forefinger on the key to prioritise
speed. The task measured reaction time in milliseconds
(ms) for all responses.

e Choice reaction time: Participants were asked to place their
forefingers on the arrow keys and respond to 50 unpre-
dictable stimuli presented in the centre of the screen. They
were instructed to press the appropriate key (left or right)
based on the direction indicated by the stimulus as quickly
and accurately as possible. The task stimuli consisted of 50
items appearing at random intervals ranging from 1 to 3.5 s.
The task measured reaction time (ms) and accuracy (%
correct) for all responses.

e Digit vigilance: Participants were asked to monitor a stream
of digits presented one at a time on the left side of the
screen, while a randomly selected target digit was displayed
separately on the right side. Participants were instructed to
press the RIGHT arrow key whenever the target digit on
the right appeared in the stream on the left. The task
measured the number (no.) and speed (ms) of correct de-
tections and false alarms, with digits presented at a rate of
150 per minute.

e Spatial working memory: Participants are asked to memo-
rise a 3 x 3 lit bulb pattern that was displayed on the screen
for 10 s. Afterwards, they were shown 36 randomised var-
iations of a 3 x 3 array, each with a single bulb illuminated.
Participants were instructed to press the RIGHT arrow key
if the illuminated bulb matched the position of one of the
original lit bulbs and the LEFT arrow key for non-target
positions. The task measured reaction time (ms) and ac-
curacy (% correct).

e Numeric working memory: Participants were shown a series
of five digits (ranging from 0 to 9) to memorise. Later, they
were presented with 30 probe digits, which included the
original five digits mixed with other numbers. Participants
were instructed to press the RIGHT arrow key when they
saw one of the original target digits and the LEFT arrow
key for any non-target digits. The task measured reaction
time (ms) and accuracy (% correct).

2.4.2 | Visuospatial Working Memory (VSWM)

VSWM was evaluated using a Python-based task (Python Soft-
ware Foundation, Beaverton, OR) developed by Shiferaw et al.
(Shiferaw et al. 2019). The task involves 80 trials, each starting
with a cue period of 500 ms where four empty squares are
presented at cardinal points. Subsequently, an array of coloured
squares appears for 500 ms, followed by a 1000-ms delay. The
array size varies randomly from 1 to 5 squares to minimise
predictability. After the delay, a square reappears in an adjacent
cardinal position. Participants ask instructed to identify the
square's movement direction using arrow keys, with a 3000 ms
response time window. A 30 ms flash signals the end of each
task trial. Reaction time (ms) and accuracy (% correct) are
recorded for each trial. Figure 1 illustrates an example of the
VSWM trial as seen by participants.

Eye movements were recorded with an EyeLink 1000 (SR-
Research, Mississauga, Ontario, Canada) at a sampling fre-
quency of 1000 Hz. The task was presented on a 1920 by 1080
(32-bit colour) display monitor with a 60 Hz refresh rate, located
60 cm from the headrest used to secure participants in position.
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FIGURE 1 | Example of trial presentation with a set size of 5 (B. Shiferaw et al. 2019).

The ioHub event monitoring framework (Python package by
iSolver Software Solutions, Osgoode, Ontario, Canada) was used
to automatically initiate the 9-point calibration and validation
process before commencing with the task and enable real-time
recording of ocular events during trial presentation. The
following parameters assessed during the VSWM task:

e SGE: SGE was calculated using Shannon's entropy equation
to determine the probability distribution of fixation loca-
tions within the valid area of interest to calculate the level
of uncertainty in the spatial distribution of a sequence of
fixations. Higher values indicate that the subject distributes
their visual attention more equally within the area of in-
terest (greater dispersion), whereas lower values reflect a
more narrowed (focussed) distribution of gaze (Krejtz
et al. 2014). SGE was calculated for each participant, con-
dition, and trial period.

e GTE: GTE applies the conditional entropy equation to first-
order Markov matrices of fixation transitions to calculate
an overall measure of the predictability of visual scanning
patterns (Ellis and Stark 1986). Higher values indicate a less
structured, or more random, pattern of scanning behaviour
(Krejtz et al. 2014). Per existing frameworks (Shiferaw
et al. 2018), entropy values (measured in bits) were nor-
malised by dividing by the maximum possible entropy, with
the normalised 0 values reflecting minimum entropy, and 1
reflecting maximum entropy. GTE was calculated for each
participant, condition, and trial period.

e Fixation duration: Measured in milliseconds, this reflects
the average (mean) time per minute that a participant held
their gaze at a specific location. Longer fixation duration
reflects greater visual and mental processing demands
during tasks of high cognitive load (Walter and Bex 2021).

e Saccadic amplitude: Measured in degrees (°), refers to the
distance travelled by the eye between two points of fixation.

e Fixation rate: Measured as rate (count) per trial and reflects
the number of times a driver gazed at a specific location.

2.5 | Data Processing

To calculate SGE and GTE, the valid area of interest was
segmented into 280 equal state spaces, resulting in a maximum
entropy of log,(280) = 2.79, which was used to normalise scores.
This grid was designed to capture the critical visual area needed
for a driver to maintain a steady lane position and speed, while

excluding non-pertinent values in GTE calculations. Entropy
values (measured in bits) were normalised by dividing by the
maximum possible entropy, with 0 being minimal entropy and 1
representing maximum entropy, as recommended by Shiferaw
et al. (2018).

2.6 | Statistical Analysis

Prior to analyses, data were screened for missing values and
potential outliers. Outliers on neurocognitive tasks were flagged
using boxplot and z-score analysis. Potential outliers were
identified across all cognitive measures, except for spatial
working memory accuracy and VSWM reaction time and ac-
curacy. Upon examination, these cases were retained in the
dataset as genuine anomalies rather than errors, as sensitivity
analyses confirmed that their inclusion did not affect the sta-
tistical significance of the results. One participant was missing
choice reaction time data due to equipment failure, and seven
participants had incomplete VSWM performance data (dis-
played in Supporting Information S1: Table Al).

Generalised linear mixed models (GLMMs) were used to anal-
yse both accuracy and error outcomes, modelled with a bino-
mial distribution and logit link function to account for the
proportion of correct and incorrect responses out of the total
trials for each outcome. This approach was chosen to address
potential floor and ceiling effects, as these outcomes were not
normally distributed. Results for accuracy are reported as mean
percentages for interpretability, although the statistical analysis
was conducted on the proportion of correct responses. An
autoregressive covariance structure (AR1) was selected based on
lower AIC and BIC values to account for temporal dependencies
among repeated measures. Fixed effects included condition,
time, and their interaction, while random intercepts were
specified for subjects. For normally distributed continuous
outcomes, linear mixed-effects models with restricted maximum
likelihood (REML) were applied, with condition, time, and their
interaction as fixed effects, and random intercepts for subjects.
Likelihood ratio tests identified compound symmetry as the
optimal variance structure for most cognitive outcomes and a
diagonal structure for VSWM measures. Significant interactions
were further explored using stratified one-way analyses by time-
point, while main effects were investigated in the absence of
interactions. Bonferroni-corrected pairwise comparisons were
applied for significant main effects. All analyses were conducted
using SPSS v29 (SPSS Inc., Chicago, IL), with two-tailed tests
and a significance threshold of p < 0.05.
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3 | Results

3.1 | Demographic Characteristics

Figure 2 presents a Consolidated Standards of Reporting Trials
(CONSORT) diagram illustrating the participant recruit-
ment flow.

Of the 33 individuals screened for eligibility, four were excluded
due to being outside the range for BMI criterion, two were
excluded due to the use of prescription medications not
permitted in the study, one was excluded due to having clini-
cally relevant anxiety scores on the BAI, and one withdrew after
post-enrolment due to time constraints. Each of the remaining
25 participants successfully completed both treatment
conditions.

Participants had a mean age of 33.5 years (SD =+ 7.8, range 23—
47) and BMI of 24.1 kg/m2 (SD + 2.9). The study sample de-
mographic composition was predominantly Caucasian (88%),
and a significant majority (92%) had achieved at least a tertiary
level of education. Regarding substance use, more than half of
participants (52%) reported previous use of a psychostimulant,
with amphetamines/speed used by 36%, MDMA /ecstasy by 40%,
and cocaine by 44% of participants. Only one participant re-
ported monthly amphetamine use, with all other participants
reporting their use of amphetamines/speed, MDMA/ecstasy, or
cocaine as less frequent (i.e., less than once a month). All par-
ticipants reported previously consuming alcohol, with 88%
having previously used cannabis, and one individual (4%) hav-
ing used inhalants.

3.2 | Cognitive Performance

Mean scores for cognitive performance outcomes are presented
in Table 1. A significant main effect of treatment was observed
for numeric working memory accuracy, whereby accuracy
improved (better performance: F(1,96) = 8.76, p = 0.004)
following methylphenidate (M = 96.47, SD + 2.83) adminis-
tration relative to placebo (M = 94.45, SD + 4.43, with an odds

[ Enrolment] [ 33 Participants assessed for eligibility ]

8 Excluded
4 Ineligible BMI
2 Medication use
1 Ineligible BAI score

A

Y
26 Randomized

Allocation [ 25 Received all treatments as randomized }

1 Withdrew following enrolment

A
25 Analysed

CONSORT diagram illustrating the flow of participant

FIGURE 2 |
recruitment.

ratio of 1.67 (95%CI: 1.09-2.57).). No significant main effects of
treatment, time, or their interaction were observed for any other
cognitive performance outcomes (all p > 0.05).

3.3 | Visuospatial Working Memory

Mean scores for VSWM ocular and performance-based out-
comes are presented in Table 2. There was no main effect of
treatment, time, or their interaction for any ocular or perfor-
mance outcomes (all p > 0.05).

4 | Discussion

This study investigated the acute effects of 10 mg methylphe-
nidate relative to placebo on cognitive performance in healthy
adults. Consistent with prior research, we observed select,
modest improvements in tasks that assess numeric working
memory. Considering the absence of improvement across other
cognitive domains, these findings suggest that the effects pro-
duced by low-dose methylphenidate are more dose-limited and
task-specific (i.e. behaviourally driven psychomotor perfor-
mance) than previously theorised. This suggests that cognitive
effects of methylphenidate are not universally distributed but
may instead be contingent on the specific cognitive demands
examined and reflect task composition or complexity.

Methylphenidate primarily exerts its neurocognitive and
behavioural effects by inhibiting the re-uptake of dopamine and
noradrenaline, thereby increasing availability in the synaptic
cleft (Swanson and Volkow 2003). The observed improvements
in specific tasks assessing numeric working memory emphasise
the role of neurotransmitter enhancement in the PFC which is
essential for the manipulation and retention of information
(Linssen et al. 2014; Spencer, Devilbiss, and Berridge 2015).
Even at relatively low introductory dose of 10 mg, significant
improvements in sustained attention task performance were
observed relative to placebo, reflected by greater accuracy and
subsequent reductions in errors, supporting very limited previ-
ous work in this space (Koelega 1993). Such enhancements in
sustained attention could arguably be useful in contexts
requiring prolonged focus, such as academic settings or during
functional behavioural tasks such as driving which require
extended visual attention. Nonetheless, these findings have not
yet been reliably replicated (Batistela et al. 2016), and thus
further investigation is needed to evaluate the scope and
magnitude of these potential enhancing effects.

Methylphenidate exhibits a potentially dose-limited impact on
cognitive function that is similar to other therapeutic and illicit
catecholaminergic drugs. Previous work cites a likely dose,
inter-individual and task-dependent inverted-U effect, charac-
terised by select improvement, a ‘ceiling effect’ and potentially
diminishing performance (Cools and D'Esposito 2011). Higher
doses can induce unintentional (and typically unwanted)
adverse cognitive outcomes during principally visually based
tasks, including decreased attentional control, and heightened
distractibility (Dolder et al. 2018; Narayan et al. 2021). The dose
examined in the present study (10 mg) reflects an introductory
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TABLE 1 | Mean scores (£SD) for cognitive performance outcomes across condition (placebo and methylphenidate) and time (T1 and

T2) (N = 25).

Placebo

Methylphenidate 10 mg

Outcome measure T1 T2

Overall T1 T2

Overall

Simple reaction time

Reaction time (ms) 310.24 (36.0) 313.34 (46.09)
Choice reaction time
454.06 (52.90)

96.48 (3.28)

456.26 (56.53)
96.48 (3.80)

Reaction time (ms)
Accuracy (% correct)
Digit vigilance
453.92 (49.75)
97.14 (3.67)
0.20 (0.50)

459.50 (51.64)
97.51 (2.82)
0.12 (0.33)

Reaction time (ms)
Accuracy (% correct)
Errors (no.)
Spatial working memory
691.38 (173.96)
95.80 (5.30)

667.72 (190.01)
95.80 (5.15)

Reaction time (ms)
Accuracy (%)
Numeric working memory
689.24 (141.01)
94.98 (4.50)

710.04 (158.01)
93.91 (4.38)

Reaction time (ms)

Accuracy (%)

311.84 (40.96)

455.16 (54.19)
96.48 (3.51)

456.71 (50.26)
97.32 (3.25)
0.16 (0.42)

679.55 (180.69)
95.80 (5.17)

699.64 (148.58
94.45 (4.43)

306.94 (41.41)  302.58 (38.19)  304.76 (39.49)
467.58 (52.01)

97.50 (2.52)

460.14 (55.93)
96.48 (2.33)

463.79 (53.62)
96.98 (2.45)

453.20 (56.67)  452.13 (63.03)
97.68 (3.11) 97.51 (3.87)
0.04 (0.20) 0

452.67 (59.32)
97.60 (3.48)
0.02 (0.14)*

696.10 (186.22)
94.78 (5.40)

662.32 (143.56)
95.73 (4.32)

679.21 (165.44)
95.25 (4.86)

736.21 (194.84)
96.53 (2.93)

701.28 (166.65)
96.40 (2.78)

718.74 (180.30)
96.47 (2.83)**

Note: Missing data for n = 1 were present at T1 in the methylphenidate condition for choice reaction time.
* Symbol indicates a significant difference from placebo based on post-hoc paired t-test analyses with Bonferroni adjustment at *p < 0.05 or **p < 0.01.

TABLE 2 | Mean scores (+SD) for visuospatial working memory performance and ocular outcomes across condition (placebo and

methylphenidate) and time (T1 and T2) (N = 22).

Placebo

Methylphenidate 10 mg

Outcome measure T1 T2

Overall T1 T2 Overall

Reaction time (ms)

Accuracy (% correct) 93.45 (4.59) 95.11 (3.16)
Fixation duration (ms) 265.27 (26.07)  263.0 (28.02)
Fixation rate (count per trial) 3.24 (1.47) 3.22 (1.31)
Saccade amplitude (°) 5.03 (1.94) 4.65 (1.87)
SGE (bits) 0.35 (0.08) 0.30 (0.12)
GTE (bits) 0.30 (0.08) 0.30 (0.08)

502.99 (41.69) 488.85(29.09) 495.92 (36.22) 494.23 (27.49) 500.51 (20.53) 497.45 (24.06)
94.29 (3.98)
264.14 (26.70) 264.79 (25.73) 268.81 (26.65) 266.80 (25.94)

93.49 (6.79)  95.25 (4.58)  94.39 (5.76)

3.23 (1.37) 2.89 (1.45) 3.11 (1.51) 3.0 (1.46)
4.84 (1.89) 4.63 (2.15) 4.50 (2.12) 4.56 (2.11)
0.33 (0.11) 0.30 (0.15) 0.30 (0.14) 0.30 (0.15)
0.30 (0.08) 0.27 (0.11) 0.28 (0.11) 0.27 (0.11)

Note: missing data were present for n = 1 at T1 in the methylphenidate condition for reaction time and accuracy; n = 3 at T1 and T2 in the placebo condition for saccade
amplitude; and n = 1 at T1 and T2 in the placebo condition for fixation duration, fixation rate, SGE and GTE.

Abbreviations: SGE, stationary gaze entropy; GTE, gaze transition entropy.

therapeutic dose. We report no measurable change to oculo-
motor control or function during the VSWM task, and no
changes in rapid visual tracking skills in the cognitive testing
suite. This is largely in agreement with lack of clear effect to
neurocognitive measured aspects of visual tracking capabilities
at this low dose (Klinge et al. 2018). Of note, compound visual
tracking skills (smooth pursuit performance) is observed to
improve at marginally higher doses (20 mg) (Allman et al. 2012).
It is thus possible that there exists an ‘optimal’ pro-cognitive
effect range for visual scanning and processing capabilities
which may, in part, be proportional to task composition, diffi-
culty and/or complexity at the dose concentrations provided
(Naylor, Halliday, and Callaway 1985) and more closely reflect
underlying pharmacokinetic and pharmacodynamic properties

of the (stimulant) drug examined. Indeed, low-moderate oral
doses (0.42 mg/kg) of a pharmacologically similar agent
(methamphetamine) did not significantly alter sustained visual
attention during a cognitive testing suite (Hayley et al. 2023), yet
produced marked and sustained alterations in gaze behaviour
during a dynamic visual task (driving simulation) (Hayley
et al. 2024), suggesting an upper limit to select psychostimulant-
derived cognitive enhancing effects which can be effectively
measured and indexed through direct monitoring of the eye.
Understanding the optimal dose-response relationship is
essential for maximising therapeutic benefit whilst minimising
side effects, adverse reactions, and safety concerns—particularly
on tasks that are principally visually-dependent, such as driving.
This novel insight warrants a re-evaluation of the standard
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practice in pharmacokinetic studies of stimulants, which often
assess performance only after peak plasma concentrations have
been reached.

4.1 | Limitations

Firstly, while select cognitive enhancements were observed,
these findings could be further elucidated with larger sample
sizes or by exploring a broader spectrum of cognitive tasks.
Second, our sample predominantly consisted of highly educated
healthy young adults (92% with at least tertiary education),
which may influence baseline cognitive scores and the magni-
tude of observed effects. This demographic homogeneity limits
the generalisability of our findings to other populations,
including those with different cognitive baselines or individuals
experiencing cognitive decline. Additionally, while our study
comprehensively assessed visual and attentional metrics rele-
vant to safety-sensitive tasks, it did not encompass all cognitive
domains potentially impacted by methylphenidate. Future
research would benefit from including assessments of additional
domains such as long-term memory, creative thinking, and
emotional processing, which could offer further insights into the
cognitive effects of methylphenidate.

4.2 | Conclusions

The present study affirms the somewhat limited efficacy of
methylphenidate in enhancing certain cognitive functions in
healthy adults, specifically in areas requiring working memory
capabilities. Although some individuals may experience im-
provements in select cognitive functions, our study confirms
that methylphenidate does not universally enhance cognitive
performance. This limited efficacy highlights the need for
additional exploration of the cognitive effects of methylpheni-
date across a broader spectrum of dosages and in varied pop-
ulations, including those with different baseline cognitive
abilities. As the non-medical use of methylphenidate continues
to rise, particularly among college students seeking academic
advantages (Sharif et al. 2021), understanding the drug's
cognitive impacts will be crucial in informing public health
policies and educational strategies aimed at mitigating misuse
and ensuring safe usage.
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