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Abstract 

Eye tracking is a method used to investigate eye movements by analysing participants’ visual attention, 

cognitive processes and visual behaviour [1]. Eye tracking technology has been widely used in various 

research fields including psychology, neuroscience, linguistics, and is currently of great interest for 

exploring biomarkers in clinical research, which may aid in diagnosis and treatment [2]. Metabolic disorders 

have been associated with various physiological disturbances, and emerging research has suggested a 

potential link between metabolic health and eye movement parameters [3,4]. Previous study proposed that 

pursuit eye movement was impaired in patients diagnosed with type 1 diabetes and established 

neuropathy, suggesting anomalies in oculomotor system’s capacity in tracking the stimuli [5]. Besides, low 

gain smooth pursuit has been suggested as a sensitive indicator for detecting neurological disorders in 

metabolic diseases of the brain [6]. As eye movement abnormalities may provide valuable insights into the 

underlying neurophysiological mechanisms, the present study aimed to develop and validate horizontal 

smooth pursuit eye movement recording and analysis strategies suitable for clinical objective assessment 

of patients with eye movement anomalies due to metabolic disorders.  The primary objectives were to 

assess the gain and root mean square error (RMSE) of the eye movements in a cohort of healthy individuals 

and validate the findings against expected normal values obtained from previous studies [7,8] which also 

evaluated the same parameters among adults’ population. 

 

 Seventeen healthy individuals, aged between 21 and 38 years were recruited and received smooth pursuit 

eye movement recording binocularly, using the Tobii Pro Fusion with 120 Hz sampling rate to obtain 

normative data. The IIUM EyeGaze application (Copyright Number: CRLY2022W05581), developed using 

MATLAB (The MathWorks, Inc., Natick, Massachusetts, US), was utilised to generate and present the 

dynamic stimuli. All participants were subjected to the eye movement protocol involving the smooth 

pursuit of horizontal stimulus characterized by sinusoidal wave-based velocity. The participant was seated 

60 cm from the display monitor while resting their head on a head and chin rest to ensure stability 

throughout the test (Figure 1). To start the test, eye tracking calibration using a 5-point calibration 

technique was conducted.  After calibration, a dynamic black cross subtending a visual angle of 0.38°, 

against a white background (Figure 2) was presented to the participant. The stimulus moved laterally from 

left to right and vice versa, shifting 16.86° from the primary position to the right and left gaze, following a 

sinusoidal wave with an average velocity of 16°/sec [9]. The participant was instructed to follow the 

movement of the stimulus as quickly and accurately as possible, without moving their head. To quantify 

the quality of eye tracking, gain (the ratio of eye movement velocity to stimulus velocity) and RMSE (a 
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measure of the deviation between the eye movement and the target stimulus) were calculated for each 

participant. 

 
 

 

 
Figure1: Participant set-up during eye recording 

 

 
Figure 2: The stimulus marked with ‘+’ at two different time points 

 

Figures 3 and 4 show the samples of horizontal smooth pursuit recordings taken from the current study. 

Accurate smooth pursuit can be observed in Figure 3, in which the participant’s eyes were closely followed 

the stimulus. Meanwhile in Figure 4, the tracing showed notable deviations indicating that the participant’s 

eyes not accurately following the stimulus at certain points (between 720 ms and 722 ms). Besides, missing 

tracing in amplitude around 732 ms corresponds to a blink, in which the tracking briefly interfered due to 

the participant’s eyes being closed. 

 

 

 

 

Figure 3: A live trace of smooth pursuit eye 
movements with complete four cycles of 

sinusoidal waveform performed by a healthy 
participant in this study 

Figure 4: Outliers when the eyes failed to 
follow the movement of the stimulus 
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The study yielded significant findings concerning the gain and RMSE of eye movements in healthy 

individuals. This study found that the calculated gain in normal participants was 0.958 ± 0.070, which was 

not significantly different (p=0.197) from the expected normal value of 0.935 [7]. The RMSE of smooth 

pursuit in healthy participants for this study was 1.353° ± 0.261, which was also found to be insignificant 

(p=0.070) compared to the expected normal value of 1.230° [8]. The results for both gain and RMSE are 

summarised in Table 1. These comparisons served as reliable validation criteria for the novel eye 

movement protocol, offering an accurate and reliable assessment of smooth pursuit performance. 

  
 

Table 1: Comparing the mean of smooth pursuit gain and RMSE with expected normal values in a 
cohort of healthy individuals using One sample t-test 

 

Parameter Test value Mean ± SD Mean difference 
(95% CI) 

T-statistics 
(df) 

p-value 

Gain 0.935 0.958 ± 0.070 0.023 
(-0.013, 0.059) 

 

1.357 
(16) 

 

0.197 
 

RMSE (°) 1.230 
 

1.353 ± 0.261 
 

0.123 
(-0.012, 0.257) 

 

1.938 
(16) 

 

0.070 

 

Our study introduces a novel eye movement protocol utilizing a smooth pursuit horizontal stimulus based 

on a sinusoidal wave, offering a valuable tool for investigating eye movement parameters. The significant 

findings in healthy individuals validate the effectiveness of the protocol in accurately assessing gain and 

RMSE. Moreover, the potential implications of this research extend beyond the scope of healthy individuals, 

as it lays the groundwork for future investigations into eye movement abnormalities in individuals with 

metabolic disorders. Abnormalities in eye tracking parameters tested among patients with metabolic 

disorders potentially reflected the impairment in oculomotor, trochlear and abducens cranial nerves which 

is commonly associated with restricted eye movement and double vision [5]. Understanding the relationship 

between metabolic health and eye movement parameters could lead to improved diagnostic and 

therapeutic approaches, benefiting patients with metabolic-related visual impairments and possibly 

providing novel biomarkers for assessing metabolic status in clinical settings.  
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