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Abstract 

Background. Microperimetry is a visual field test that examines the fundus to test retinal 

sensitivity by correlating retinal structure and function. Currently, there are no clear 

guidelines on whether the test should be done before or after pupil dilation. Interestingly, not 

many studies have investigated the link between pupil dilation on microperimetry 

performance. The purpose of this study was to investigate the effects of mydriasis on 

microperimetry performance. Objectives. It was assessed how dilated and un-dilated pupil 

impact microperimetry performance, threshold sensitivity and fixation. It was also 

investigated how mydriasis impacts static stimuli in microperimetry. Additionally, how 

demographical variables such as eye color may affect microperimetry outcomes in dilated 

eyes. Methods. 24 participants with healthy eyes participated in within-subject experiment. 

1% tropicamide was administered in one eye and the other eye was left untreated. Both eyes 

were tested with microperimetry before and after the treatment. Pupil size, perimetry scores, 

fixation stability, false negative (FN) and false positive scores (FP) were recorded. Results. 

The pupil size did not show significance impact on the microperimetry performance. Fixation 

stability was “very stable” before and after the treatment. There was a significant difference 

in before treatment group between the control and treated eye. FN and FP scores were within 

the acceptable limits. Eye color had no impact on microperimetry performance in dilated 

eyes. Conclusions. The study shows that mydriasis has no significant impact on 

microperimetry performance. Healthy individuals may safely be tested with microperimetry 

pre-dilated or un-dilated, based on clinicians’ evaluations. 

 

Keywords: microperimetry, tropicamide, mydriasis, retinal sensitivity, pupil size, fixation 

stability 
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We see with the eyes, but we see with the brain as well.  
And seeing with the brain is often called imagination.  

Oliver Sacks (Ted Talk) 
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1 Introduction  
 

1.1 Pupil Dilation 

Eyes are often called “the window to the soul” and have been the target of human 

curiosity for centuries. They are present in perhaps 95 percent of all animal species of one 

kind or other, which provide great benefit in various environments, especially due to image-

forming vision (Land & Nilsson, 2002). However, in recent decades, there has been a flurry 

of interest concerning a particular part of the eye: the pupil; especially in psychopyshiological 

research. Pupil is derived from the Latin word pupilla that is a minuscule of pupa meaning 

doll (Oxford, 2018). It is named after the little reflected images that are visible in the eye. In 

psychology, the pupil as a psychopysiological variable has centered mostly on the pupil 

dilations. Clinically, the pupillary light and near reflexes are part of the standard bedside 

neuologic test battery.Pupil size can also reveal whether a person is under the influence of 

some substance, including illegal ones such as cocaine or morphine. 

According to Spector (1990), a normal average pupil size in adults is between two to 

four mm in diameter in bright light and it can expand up to 8 mm in the dark. The two pupils’ 

sizes are usually equal. The constriction and dilation of the pupil is mainly related to the 

illumination, where direct illumination (direct response) and/or illumination of the opposite 

eye leads to constriction (consensual response). The reaction of the human pupil and its 

intensity is facilitated by the antagonistic actions of the dilator and sphincter muscles in the 

iris, which are controlled by parasympathetic and sympathetic nerves (Winn, Whitaker, Elliot 

& Phillips, 1994). The Locus Coeruleus (LC) is thought to play a modulatory role by its 

action on the Edinger-Westphal nucleus (EW), which projects to the ciliary ganglion and the 

ciliospinal center of Budge-Waller, thus impacting the constriction and re-dilation process of 

the pupil (Fotiou et al., 2009). Addtionally, Acetylcholine (Ach) is a neurotransmitter that 
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plays an important role in facilitating the pupillary light reflex (Wang, Fan, Zhao & Chen., 

2014). Moreover, the EW nucleus is cholinergic in nature since its function is based on 

choline acetyltransferase (ChAT), a transferase enzyme responsible for the synthesis of the 

acetylcholine (Ach) (Wang et al., 2014). The amine neurotransmitters such as norepinephrine 

(Na) and acetylcholine (Ach) are thought to be very important with regards to controlling the 

whole oculomotor circuitry.  

 However, pupillary dilations cannot be ascribed to fluctuations in light condition only. 

Pupil dilations independent of lumination were recognizied as early as 1765 (Goldwater, 

1972). Beatty (1982) cites the following sentence by Bumke, a German neurologist who had 

already stressed the role of pupil dilation in mental activity seven decades ago (as translated 

in Hess, 1975): 

Every active intellectual process, every physical effort, every exertion of attention, 

every active mental image, regardless of content, particularly every affect just as truly 

produces pupil enlargement as does every sensory stimulus (pp. 23-24).  

Since the 1960’s,  many studies have revealed that internal, brain-initiated activity 

affects pupil size (Hess & Polt, 1964; Kahneman & Beatty, 1966). These alterations in pupil 

dilations are deemed moderate in comparison to the changes produced by light. Especially, 

because these alterations usually do not surpass half a millimeter (e.g., a 16% change in 

diameter), making it challenging to detect them with naked eye alone (Kahneman & Beatty, 

1966).  

Although pupillary dilations have been investigated for many years, it is in the last 

decades that psychologists have learned about their usefuleness as indexes of psychological 

phenomona (Goldwater, 1972). Thus, many studies have focused on the function to better 

understand stress response, state of consciousness, communication, emotional state, as well 

mental function that include attention, decision making and reaction to workload 
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(Lowenstein, Kawabata & Loewenfeld, 1064; Hess & Polt, 1964; Kahneman & Beatty, 

1966).  

Similarly, medical clinicians and neurophthalmologists in particular, study the 

primary function of the pupil as an exam of optic nerve function. The variations in the pupil 

size regulates the retinal illumination, and this is useful to understand retinal diseases 

(Kardon, Hong & Kawasaki, 2013). Hence, eye and its motor control properties such as pupil 

diameter, shape, oscillation and their response to changes in illumination are amongst many 

variables that are investigated in opthalmic practice to learn more about the pupil (Spector, 

1990). 

1.2 Visual Field  

Aminoff and Daroff (pp. 686-688, 2014) define visual field as a portion of space 

where objects are registered at the same time during stable fixation of gaze in one direction. 

The authors stated, “Its limits along the horizontal meridian are 60 nasally and 100 

temporally and along the vertical, 60 superior and 75 inferior to fixation.” They also 

describe that visual field has different visual sensitivity, where high sensitivity or resolution 

is situated centrally and lower resolution is in the periphery. This can be explained by high 

and low density of cones and rods with eccentricity (deviation of a curve). Furthermore, 

retinal ganglion cell-receptive field matrix is less dense, which reduces with visual field 

eccentricity.   

Retina has different response to stimuli, which depends on the location. Since the 

central retina consists of more cones and more ganglion cells, it can register more attributes 

of a stimulus (e.g. color) than the visual periphery. Moreover, in a photopic condition the 

central retina is still able to register dimmer white lights than the periphery. This common 

sensitivity pattern of the field of vision is illustrated as a hill. The height and shape of the 

normal hill varies by individuals, but is quite consistent amongst healthy individuals with the 
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same age (cite). The peak of the hill is visually sensitive part of the field and it represents the 

fovea in the retina, which has a high density of photoreceptors and ganglion cells. The hill 

slopes down as the density of ganglion cells and photoreceptors decreases. This is also when 

the sensitivity to the test lights decreases due to distance from the fovea.  

1.2.1 The visual pathway. 

Layers of cells at the back of the eye also known as the photoreceptors in retina 

produce vision. Visual information exits the eye through the optic nerve and optic chiasm (a 

x-shaped space where the axons partially cross) (Purves et al., 2001). The axons are called 

the optic tract once they have surpassed the chasm. The optic tract reaches the lateral 

geniculate nucleus (LGN) via the midbrain. The axons synapse at the LGN and move into 

different directed through the deep white matter of the brain as the optic radiations. These 

radiations move to the back of the brain, where the primary visual cortex is located. 

1.2.2 The visual field orientation. 

 According to Purves and colleagues (2001), the visual field of both eyes has the left 

and right hemifields. The visual signals start from the left hemifield of both eyes and proceed 

to the right hemisphere of the brain via the optic chasm. The signals from the right hemifields 

of both eyes travel to the left hemisphere of the brain. Thus, the visual input from both eyes is 

processed in the opposite visual field in each hemisphere of the brain. When the image is 

projected onto the retina, it can be split in the middle, with the fovea as a center point. The 

two halves of the retina are named a temporal half due to its closer location to the temple and 

a nasal half because it is next to the nose. 

1.2.3 Visual field assessment. 

There is a variety of instrument that are used to test the pupil. For example, 

pupillometer measures the pupil size variability and its dynamics in an non-invasive way and 

effectively evaluates the activity of the autonomous nervous system (Nowak, Zarowska, 
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Szul-Pietrzak & Misiuk-Hojlo, 2014). Whereas, eye tracker is actively used to measure eye’s 

positions and movements as the subject processes the stimulus in real time (Bass, Gordon, 

Gordon & Parvanta, 2016). The visual field assessments can be carried out with many 

instruments, such as conventional testing also known as perimetry (Acton & Greenstein, 

2013).  Perimetry assesses the retinal sensitivity, which is an important measurement to the 

visual acuity. Threshold light stimuli that varies in the intensity is used to detect the visual 

sensitivity of the macula (Han, Jolly, Xue & Maclaren, 2017). The mydriasis alter the total 

extent of light that reach the retina. There is little evidence on how the retinal sensitivity is 

impacted by pupillary dilations.  

1.3 Perimetry 

Perimetry is the computable assessment of each eye’s visual field, which was 

introduced by Albrecht von Graefe into the clinical medicine in 1856 (Johnson, Wall & 

Thompson, 2011). Over the years, many methods for performing perimetry and visual field 

testing have evolved.  Hans Goldmann developed a perimeter in the 1940s, which is the most 

common perimeters in use for performing manual quantitative perimetry (Johnson, Wall & 

Thompson, 2011). The Goldmann perimeter is also the accepted standard which new 

perimeters are measured against (Fischer & Schmidt, 1988). It is a reliable test for the full 

visual field, especially, the peripheral visual field detect and involves a short testing time. 

The circle on the Goldmann printouts is related to a standardized size and brightness of 

stimulus, which is tested from the periphery towards the center on each of the radial lines 

(every 15).  

The targets that have to be detected are called optoypes. The stimulus mostly moves 

into the field of vision in this mapping technique. Therefore, it is called kinetic perimetry. As 

the patient indicates that he or she has seen the stimulus, the preterits makes a mark on the 

point where the stimulus was seen. These marks are linked together by lines which create the 
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boundaries of the visual field also known as isopters (Fischer & Schmidt, 1988). The values 

of Goldmann I, II, III, IV and V are equal to 100, 200, 400, 2000 and 8400 min arc². It was 

first used as it took less time (25%) than automated perimetry (Trope & Britton, 1987). 

Automated perimetry such as Octopus perimeter was first developed around 1970 by 

Dr. Frankhauser and co-workers (Johnson et al., 2011). Since then the Octopus perimeter has 

gone through many significant changes and is in everyday clinical use still circa 40 years 

later. There has been increased focus on procedures that advance accuracy measurements, 

efficiency, easier tests to perform, and development of diagnostic tools for detection of 

ophthalmic diseases (Johnson et al., 2011). There are various automated perimetry devices 

such as the Fieldmaster, Humphrey Field Analyzer, Humphrey Matrix, Octopus Easyfield 

and Medmont available throughout the world.  

Currently, there are many perimetry tests that are thought to provide useful clinical 

information. For example, color perimetry, motion perimetry, flicker perimetery, pupil 

perimetry (combines pupillometer and perimeter) and many more, help in different ways to 

identify ocular and neurological disorders (Johnson et al., 2011). Pupil perimetry was 

developed to measure pupillary responses to small flashes of light. This is determined by the 

change in the pupil diameter by presenting a small intense light on a uniform background. 

The patient reports whether or not the stimulus was noticed. This procedure requires high 

level of attention on the task, and it is beneficial for patients who may not be able to conduct 

conventional perimetery due to cognitive impairment (Johnson et al., 2011).  

Perimetry plays an important role for diagnosing and treating diseases that infuence 

the optic nerve, optic chiasm, and retrochiasmal visual system (Aminoff & Daroff, 2014). 

Specific patterns of visual loss that are based on damage at different sites along the visual 

pathway can be obtained. This is helpful for the clinicians to understand patient’s pathology.  
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In kinetic perimetry, the stimlus is moved from the periphery toward the center, the 

patient focuses on a fixation mark, and reports when the stimulus is detetected (Aminoff & 

Daroff, 2014). It is common to continue with the stimuli at regular intervals around 360 area 

in order to create an isosensitivity map of the visual thresholds to the stimulus. In order to 

detect and map the central visual field, small and dim objects are used; whereas, large or 

bright objects are used to test the peripheral visual field. Both visual fields are imporatnt to 

the test. 

Static perimetry does not include moving the stimulus, and it is performed with an 

automated perimeter (Aminoff & Daroff, 2014). A stimulus is presented at a specific location 

for a specific duration with variation in luminance level that helps determine the local 

threshold (dimmest light at each test lcoation). The test location is often on a 6 spaced grid 

of the central 24 or 30. A visual field map is plotted as a result of these techniques. 

Overall, the method of performing periemtery has remained the same for more than 

200 years. This provides a challenge and opportunity to create new methods that give more 

accuracy and precision (Johnson et al., 2011). In order to create better quantative assessments 

and standardization of tests, it is important to investigate the current practices as well as to 

modify and update them accordingly.  

1.4 Microperimetry 

Microperimetry, also known as the fundus-driven perimetry has gained an increased 

prominence as an asssessment tool in both the clinical and research world due to its advanced 

and controlled technology (Han, Jolly, Xue & Maclaren, 2017). The primary function of 

perimetry is to assess the central visual field and correlate the findings directly to the fundus 

location, which is the interior surface of the eye opposite the lens and contains the retina 

(Acton & Greenstein, 2014). In this technique, perimetry testing is synchronized with fundus 

viewing, which makes it possible to quantify the visual sensitivity at any specific point on the 



 23 

retina with high test-retest reliability for the same point (Acton & Greenstein, 2014). Infrared 

fundus camera captures fundus image and tracks it throughout the perimetric testing. The 

visual field data is plotted directly into the fundus image. If any notable fixation deviations in 

the patient’s testing are registered, the testing gets interrupted until fixation is restored. 

Fundus image allows for structural to functional comparisons via fundus tracking, which is a 

great advantage. 

Due to these accurate measurements, perimetry is mostly used by ophthalmologists to 

detect retinal eye diseases, but it is also gaining in neuroophthalmologic interest as a research 

tool. It allows to detect macular pathology and corresponding functional abnormality through 

a fast and non-invasive method (Laishram, Srikanth, Rajalakshmi Nagarajan & Exhumulai, 

2017). Microperimetry can detect an early macular function loss in intermediate Age-Related 

Macular Degeneration (AMD), and it is especially useful in demonstrating the shift in the 

localization and the stability of fixation before intermediate AMD progressess to advance 

stage (Dinc, Yenerel, Gorgun & Oncel, 2008). Therefore, it is commonly used in the 

assessment and treatment outcome in macular disease (Dinc et al., 2008).  

According to Acton and Greenstein (2013), automated field perimetry is different 

from microperimetry in significant areas. First of all microperimetry stimulates both rod and 

cone photoreceptors as it measures central 10 of vision in mesopic conditions (Crossland, 

Tufail, Rubin & Stockman, 2012). Furthermore, microperimetry uses confocal scanning laser 

technology to image the posterior pole in real time, tracking fixation and eye movements 

(Crossland et al., 2012). It is an innovative device that combines morphology and function of 

the eye, where the function relies strongly on the perimetry (Laisharam et al., 2017). The eye 

tracker registers eye movements with focus on registering the fixation stability during the 

examination. 
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There are many clinical advantages of this instrument, such as the direct integration 

between the structure and function, which is possible because of the high-quality fundus 

images and optic nerve (Laisharam et al., 2017). Hence, retinal sensitivity is assed while the 

fundus is being directly examined. This enables correlation between functional abnormality 

and macular pathology (Laisharam et al., 2017). The association between structure and 

function is imperative in the diagnosis of diseases such as Glaucoma. Moreover, it allows to 

obtain reliable information for patients with poor fixation. Lastly, it has high reliability. Jang 

and colleagues (2013) evaluated the test-retest reliability for Optos (Optos Inc., 2013) OCT 

SLO microperimetry device in healthy eyes and eyes with retinal diseases. They found no 

significant differences in mean sensitivity among sessions. Eyes with retinal diseases had 

larger inter-session variance in comparison to healthy eyes.  

1.5 Microperimetry and Mydriasis  

Clinicians might dilate the pupil pharmacologically prior to eye exam in order to see 

the entire retina. This is decided based on factors such as patient’s age, ethnicity, eye exam 

and retinal disease type (Hataye, 2018). It is also relevant to note that dilated examination is  

costly and various clinical guidelines lack evidence to recommend its use (Batchelder, 1997).  

Testing a fully dilated pupil e.g., by using atropine-based eye drops, is thought to facilitate 

testing in microperimetry, in addition to obtaining a better image of the retina. According to 

Han and colleagues (2017), mydriasis might make it easier for patients to fixate at the 

fixation target. It is thought that the fundus tracking system may work better and it will be 

easier to capture fundus images (especially for individuals with low visual acuity). However, 

Hasler (2007) states that, according to manufacturers, the microperimetry visual field test can 

be run effectively with or without pupillary dilations. Remarkably, there are few studies who 

have investigated whether there are really benefits of mydriasis during microperimety test.  

The present study will offer an attempt to examine this question.  
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As we write, despite the increase usage of microperimetry, there is still no standard 

agreement on to what extent pupillary dilations affect microperimetry. According to Han and 

colleagues (2017), there is no systematic data that looks at the effects of dilations’ impact on 

sensitivities in microperimetry. Furthermore, there is no consensus on whether it should be 

performed before or after pupil dilation. They argue that it may be very likely that pupil 

dilations effect microperimetry by changing the total amount of light that falls on the retina 

by impacting the depth of focus or through the Stiles-Crawford effect (SCE) (Han et al., 

2017). SCE is a phenomonon explained by the light that passes through the periphery of the 

pupil appears to be dimmer than the light passing near the pupil center (Atchison & Scott, 

2002). 

Han and colleagues (2017) specifically investigated the effect of mydriasis on 

microperimetry outcomes and found that dilation produced no significant effect on threshold 

sensitivity or fixation stability in healthy controls or in choroideremia patients. 

Choroideremia an X-linked recessiev disease, which usually affects males that involves 

extensive loss of all retinal layers in the eyes (Zinkernagel & MacLaren, 2015). Their further 

review of studies found that researchers or clinicans tend to test dilated subjects due to 

convinience after other optical tests such as Tomography. Additionally, it is also likely that 

they fail to mention that dilation was involved (Han et al., 2017). Therefore,, it seems vital to 

conduct additional studies for understanding how and if dilation can influence 

microperimetry outcomes, and better understand functional data. Several studies have 

revealed that dilated pupils lead to statistically significant decline in threshold sensitivities in 

automated peripheral field perimetry (Lindenmuth, Skuta, Rabbani, Musch & Bergstrom, 

1990).  It is important to establish whether this is also a fact for microperimetry testing.  
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1.6 Tropicamide and Pupil Dilation 

Various drugs are used in the ophthalmic practice to dilate the pupil for examination. 

Selection of the drug is based on the onset of duration of action, the drugs ability to affect 

accommodation, its’ ability to fully dilate the pupil as well as potential side effects. 

Tropicamide is often favored in adults due to its short duration and large dilation with 

reduced cycloplegic effect (Montgomery & Macewan, 1989). It is a parasympatholytic agent, 

which takes around 30 minutes to become fully effective. Tropicamide is chemically 

designated as N-ethyl-2-phenyl-N-(4-pyridylmethyl)-hydracrylamid (Gettis, 1961). It is 

cholinergic antagonist that blocks sphincter and ciliary muscle cites by competing with 

acetylcholine; this inhibits miosis and to a certain extent accommodation (Lam et al., 2010). 

It stays at its peak for 10 to 20 minutes and the effect can last up to four hours. Moreover, 1% 

solution has no advantage over a solution of 0.5% tropicamide (Gettis, 1961).  

Interestingly, it has been noted that tropicamide effects the dilations differently 

depending on the patient’s iris color. Light irises such as blue, green and hazel tend to dilate 

faster in comparison to the darker iris (Bee, Vogel & Korte, 1997). This is explained by the 

fact that dark iris such as brown eyes have high melanin consistency. Melanin tends to bind  

to the molecules in tropicamide. Furthermore, the amount of melanin in the iris impacts the 

association/dissociation rate of a drug like tropicamide. A dark iris with larger amounts of 

melanin reduces the initial levels of tropicamide and then increases the drug levels after 

prolonged periods (Menon, et al., 1992). Accordingly, the measurement of pupil size of dark 

and light iris at a given time might be different due to the impact of tropicamide on the iris 

color. Therefore, it is likely that iris color as a variable might impact the microperimetry test 

scores. 
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 According to Montogmery and Macewan (1989), tropicamide impairs vision through 

two main mechanisms. Firstly, a cycloplegic effect (i.e., loss of power in the ciliary 

muscle)which is very well documented. It reduces the accommodation reflex that is a 

mechanism in which the eye changes focus from distant to near images. Secondly, the vision 

is impaired due to a reduction in depth of field (i.e. the difference between the nearest and 

furthest object that appears sharp). This is caused by the spherical aberration that occurs 

when incoming light rays focus at different points after passing through a curved surface, 

leading in turn to glare and blurriness. Consequently, expanded pupillary aperture is 

associated with loss of depth of field because the lens is exposed to more light which focuses 

at different points at the retina. Unfocused image may in theory impact performance on 

various ophthalmic tests such as microperimetry. 
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1.7 Aims of The Study 

Little research has been carried out on healthy individuals and microperimetry 

performance after artificial dilation of the pupil. The majority of the microperimetry studies 

have primarily focused on patients with various opthalmic dieases such as glaucoma. 

Furthermore, there are few comparative studies where healthy individuals are compared with 

patients with macular diseases. Despite microperimetry’s prominence as a clinical tool in 

macular assessment there is still no consensus on whether this should be performed before or 

after pupil dilation. Actually, not many studies have investigated the link between pupil 

dilation on microperimetry performance. The purpose of the present study was to discover 

error rates and further examine the neglected question of the relationship between quality of 

the results with microperimetry, and whether there exists clear benefits of pupil dilation or 

not. Thus, the present study expands on the work by Han and colleagues (2017) by 

employing healthy subjects in a microperimetry testing session. Importantly, we administered 

tropicamide to one eye only, but tested both eyes with the microperimetry standard test. Each 

participant provided the ‘Control’ condition results in a within-subject design.  

In statistical terms, the independent variables were the ‘Control’ and ‘Tropicamide’ 

eyes. The dependent variables were the microperimetry performance outcomes, such as 

threshold sensitivity, fixation stability, false positive and negative scores. In other words, the 

specific aims of the present study were to examine the following in a sample of healthy 

participants: 

- How mydriasis impacts microperimetry performance and threshold sensitivity. 

- How pupil dilations influence fixation stability during microperimetry. 

- How pupil dilation impact static stimuli in microperimetry. 

- How variables such as eye color may impact the microperimetry performance. 
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1.8 Hypotheses  

Hypothesis 1: Dilated pupil will significantly affect the threshold sensitives (e.g. by 

reducing sensitivity). As a consequence, there will be a significant difference between 

microperimetry performance of the ‘Control’ and ‘Tropicamide’ treated eye. 

Hypothesis 2: Based on earlier results that cause fixation instability amongst patients 

due to pupillary dilations, it was postulated that there will be significant fixation instability in 

the dilated eye in comparison to the ‘Control’ eye. 

Hypothesis 3: Due to tropicamide properties that impact darker irises differently, it 

was postulated that iris color will have impact on changes in microperimetry performance. 

For example, brown eyes may result in significantly lower test performance. 
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2 Methods 

2.1 Participants 

A total of thirty participants with no macular disease and above the age of 18 

years partook in this study between March 2016 and September 2016. Six participants 

were excluded from final analyses due to failure to complete the tasks. The remaining 

sample consisted of twenty-four healthy participants, eleven females, 12 males, 1 

unknown. Demographical information of one participant was lost due to a clerical error. 

The mean age was 27 years (SD = 4.062), with a range of  23-39 years. The majority of 

the participants were under 30 years of age (82.5%).  

Participants mentioned their nationality in the ethnicity form. Majority of the 

participants were Norwegian nationals (70.8%), 8.3% were European, 8.3% were Asian, 

4.2% were African and 4.2% reported “other” ethnicity. Most of the participants had 

graduate degree (37.5%), 25% had undergraduate degree, 29.2% had some college 

education and 4.2% were high school graduates. Half of the participants were students 

(50%), 45.8% were professionals and the rest were unknown. Table 1 and 2 show the 

demographic and characteristics details of participants (See Appendices A and B . 

All participants were recruited through advertisement at the University of Oslo 

campus and social media. They were offered financial reimbursement of 200 NOK for 

their contribution. Participants were excluded if information from a standardized 

questionnaire suggested any possibility of ophthalmological diseases that could impact 

the results. Therefore, participants with any systematic disorders, opacities, optic 

neuropathies or severe visual impairment of diopters over 6 (+/-) were excluded. 

Additionally, participants on any systematic medication that could affect visual function 
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or with an attentional disorder were disqualified. However, no detailed medical or 

ocular history was obtained for each patient. All participants were requested to bring 

corrective eyewear if necessary.  

2.2 Materials 

2.2.1 Pharmacological treatment. 

1% tropicamide was treated in an open eye in order to yield pupil mydriasis. 1% 

tropicamide does not work more effectively than 0.5% Tropicamide (Hassler-Hurst, Wadham 

& Rayman, 2004).  It was used due to convenience because it is commercially available in 

single dose containers in Norway. Participants took microperimetry test in five different time 

sequences after inoculation. Table 3 reports the mean time in minutes for each sequence (See 

Appendix C).  

Tropicamide is a synthetic muscarinic antagonist (Pub Chem – Open Chemistry 

Database, 2015). It has anticholinergic properties. Once it is administered, the tropicamide 

binds to and blocks the muscarinic receptors that are situated in the ciliary and sphincter 

muscle of the eye. This leads to inhibition responses from cholinergic stimulation, which 

results in dilation of the pupil and paralyses the ciliary muscle of the eye. 

According to Lam and colleagues (2010), single doses of tropicamide have been 

administered to healthy participants with minimal side effects. Those who received this dose 

may however experience general side effects which are frequently reported, such as: transient 

stinging, blurred vision, photophobia, superficial punctate keratitis and prolonged mydriasis 

(“Tropicamide ophthalmic side effects,” 2018). Afterwards, participants were instructed to 

preferably use sunglasses in the sunlight and avoid activities such as driving (due to the 

temporary blurry vision) for several hours.  
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2.2.2 Apparatus. 

Microperimetry was performed using Spectral OCT SLO Microperimeter (Optos Inc., 

2013), a tool that captures fundus images of a person’s retina and at the same time projects 

light stimuli onto the retina. Laisharam and colleagues (2017) mention (as cited in Liu et al., 

2014) that microperimetry has a background luminance of 10 cd/m2, maximum stimulus 

isntensity of 125 cd/m2, stimulus size of 0.11-1.73 degrees (Goldman I-V), white stimulus 

color, 0-20 dB dynamic range and 29 fundus image field of view. In this study the light 

stimuli size had been correlated to stimulus size of Goldman I. The specific procedure used in 

order to determine the participant’s visual threshold was 4-2, which means that each point in 

the pattern was shown to the participant at the start dB value. Once the participants indicated 

that they were able to see the point at that intensity, the point was displayed at an intensity of 

4 dB dimmer.  

If the participant could not see the stimulus, the point was displayed at an intensity of 

4 dB brighter. As the determination regarding the participant’s visual threshold was 

accomplished, then the intensity was changed and reduced to 2 dB in order to further test the 

threshold. The stimuli intensity in the perimeter ranged between 0 to 20 dB representing the 

maximum and minimum stimulus luminance. A macular - 9° pattern that was created in the 

‘Customer Pattern Builder’ was used (See Appendix D).  

 

Figure 1. Macular - 9° custom-made pattern 
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The automated microperimeter then conducted the custom-made pattern test in a 

standardized fashion for each study participant. The stimuli were projected in the central 9° 

of the fundus aiming the fovea. The stimuli were projected one at a time with duration of  200 

ms against a black background. The testing was performed on one eye at a time with a white 

cover over the other eye. Figure 2 shows the image of a participant taking the perimetry test 

(See Appendix E).  

The following parameters were analyzed from the microperimetric output and 

examined: 1) mean sensitivity (dB);  2) fixation quality as measured by percentage of tracked 

fundus positons lying within 2° and 4° circle centered at the point of fixation; 3) false 

positive and false negative scores and 4) test time (See Appendix F). 

 

Figure 3. Fundus microperimetry of the right eye of participant No. 8. The local sensitivity of 

the measured points is shown in two ways - first as a color code (here dark green for best 

sensitivity) and second as a numerical code in dB from 0 to 20 (here 20 meaning best 

sensitivity). The small blue dots in the center indicate the fixation points during the exam. 

Eye movement within 2° and 4° are marked with blue dots.  
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2.2.3 Eye dominance test. 

To determine the dominant eye participants carried out the porta test that was adapted 

from a study by Roth, Lora and Heilman (2002). Participants extended one arm and aligned 

their thumb with a distant object with both eyes opened. After this the participants closed one 

eye and then the other alternately. The dominant eye was determined based on which eye 

closure lead to largest alignment change. The eye that caused most change while closed was 

the dominant eye. The information was noted in the demographics form. 

2.3 Design 

The present study was part of a larger study “Hjernemekanismer for opplevelse og 

motivasjon for belønning” at the Psychological Institute at the University of Oslo, led by Dr. 

Siri Leknes. This particular perimetry study was conducted at the department of 

Ophthalmology at Oslo University Hospital, Ullevål, and it was approved by the Regional 

Committees for Medical and Health Research Ethics (REK). The project was designed by Dr. 

Bruno Laeng, Psychology (UiO) and Sigrid Aune de Rodez Benavent, MD (OUS)/PhD 

fellow in neuroophthalmology (UiO).  

A within-subject experiment design was employed to understand the test scores, while 

participants completed microperimetry under the treatment of tropicamide in one eye. A 

baseline microperimetry was measured in the beginning, right before the inoculation to rule 

out the learning effect. All participants were administered a standard dose of 1% tropicamide 

in one eye. The untreated eye was the ‘Control’ eye in this study for all participants. The 

administration was carried out prior to the participation in the perimetry tasks. Participants 

were given tropicamide in either right or left eye, this was alternated across participants. 

Average time for perimetry in ‘Before’ condition was 3 minutes and 5 seconds and in ‘After’ 

condition was 2 minutes and 47 seconds. The dependent variables were perimetry scores, 

pupil size, fixation stability within 2 and 4 circles, false negative and false positive scores.  
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2.4 Procedure  

Participants were tested individually in a same silent room at Oslo University 

Hospital (Ullevål). During their arrival, the participants were seated in a comfortable chair. 

They read the ‘Plain Information Sheet’ and signed the ‘Informed Consent Form’ (See 

Appendices H and I). All participants were aware that they will be taking part in a study 

investigating effects of tropicamide in series of different tasks. The participation in the study 

was voluntary and participants could at any time and without giving any reason withdraw 

their consent to participate. First they took the Porta test to determine their dominant eye. The 

baseline microperimetry test was conducted on both eyes as explained below before one drop 

of 1% tropicamide was instilled in one eye by pulling down the lower eyelid and tilting the 

head backwards. It was made sure that the drop went inside. In order to prevent 

contamination, clean hands were used, and the experimenter made sure not to touch the 

dropper tip to the eye tissue.  

They were explained how the microperimetry test works. They were guided in order 

to better understand how to maintain fixation and respond appropriately. All preparations for 

testing were in order before the participants were positioned in the machine. Participants 

were encouraged to sit comfortably and adjust the chinrest and seat individually to minimize 

the head movements. Face and eyes were properly aligned with the frame. The participants’ 

ability to push the button on the buzzer in response to the stimuli was evaluated to make sure 

the test is conducted correctly. The eye that was not tested was covered with a patch: it was 

ensured that the eye was completely covered. The experimenter helped the participants move 

onto the chinrest and place the forehead against the forehead strap. It was emphasized to the 

participants that they uphold this position during testing.  

The experimenter (AA) adjusted the participant’s eye through the PC screen in order 

to get the eye centered. The experimenter had received significant practice to carry out the 
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test and determine accurate measurements. Before the test was carried out, the experimenter 

double-checked that the eye was aligned using the alignment stick without disturbing the 

participants. Participants responded to every stimulus they saw by pressing a hand-held 

button while they concentrated at the center target.  

Once the baseline was established in the ‘Control’ and ‘Tropicamide’ treated eyes, 

microperimetry was repeated to obtain the test scores in the ‘After’ condition. This was done 

in five different ‘Time’ sequences, meaning that microperimetry in the ‘After’ condition 

occurred either right after or after a certain amount of time had passed. Table 3 reports the 

details (See Appendix C). The effect of tropicamide develops over time and reaches 

asymptote typically after about 30 to 40 minutes (Gettis, 1961). By delaying testing it was 

guaranteed that dilations were maximal or near-maximal (Fig. 4). 

 

Figure 4. Mean pupil dilations for ‘Control’ and ‘Tropicamide’ eyes in 1-5 sequence ‘Time’.  
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After completing the procedures, participants were debriefed, thanked for their 

participation and they were encouraged to express questions and concerns related to the test 

or pharmacological treatment. Further they were encouraged to contact the research team if 

any health problems should arise as a result of participation in the study. 

2.5 Statistical Analyses  

The microperimetry data were collected and tabulated in Microsoft Excel sheets. The 

Spectral OCT SLO Microperimeter (Optos Inc., 2013) does not measure the pupil size. 

Therefore, pupil size data was stored and extracted using a SMI portable eye-tracker (SMI, 

2018). Statistical analysis were performed using the statistical package namely IBM SPSS 

statistics V22.0 (IBM Corp, 2013) for standard repeated-measures ANOVA, paired sample t-

tests and simple linear regressions. A p ≤ 0.05 was considered statistically significant.  

Furthermore, the Bayes factors were estimated using the software JASP, using its 

default priors (JASP Team, 2017) for the repeated-measures Bayesian ANOVA. Bayes 

factors (BF10) were reported in order to estimate the probability of the data given alternative 

hypothesis (H1) to null hypothesis (H0) (i.e., values greater than 1 were in favor of H1). If 

BF10 were less than 0.33, this would indicate a substantial support for the null hypothesis (i.e. 

no difference between treatments), whereas a BF10 above 1 would indicate substantial support 

for the alternative hypothesis (Dienes, 2014). Hence, the Bayes repeated-measures ANOVA 

and Bayes paired sample t-tests were used for analysis to get the most out of non-significant 

results. 
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3 Results 

3.1 Perimetry Scores 

Perimetry scores were examined to determine if scores changed in the ‘Eyes’ 

conditions (Control, Tropicamide) over ‘Treatment’ conditions (Before, After). A repeated 

measures (within-subjects) ANOVA with factors of ‘Eyes’ and ‘Treatment’ conditions was 

carried out in order to analyze if ‘Eyes’ (Control, Tropicamide) in different ‘Treatment’ order 

(Before, After) affected perimetry scores. The results showed that mean scores for ‘Control 

Eye’ ‘Before Treatment’ was (M = 214,333, SD = 11.708), ‘Control Eye’ ‘After Treatment’ 

was (M = 217,333, SD = 12.492), ‘Tropicamide Eye’ ‘Before Treatment’ was (M= 214.500, 

SD = 12.938) and ‘Tropicamide Eye’ ‘After Treatment’ was (M = 213,917, SD = 12.007).  

 

 

Figure 5. Mean perimetry scores in ‘Treatment’ conditions for ‘Control’ and ‘Tropicamide’ 

eyes. Error bars represent 95% confidence limits. N = 24. 

 



 39 

Neither effects of ‘Eyes’ conditions F(1,23) = .476, p < .497, partial η² = 0.020, nor 

‘Treatment’ conditions F(1,23) = .572, p < .457, partial η² = 0.24 were significant. Also the 

interaction of the two factors yielded a nonsignificant effect F(1,23) = 1.045, p < .317, 

partial η² = 0.043. Thus, no post hoc tests were conducted. This research failed to reject the 

null hypothesis that there is no significant difference between ‘Control’ and ‘Tropicamide’ 

treated eyes. Table 4 reports the analysis of variance (ANOVA) for perimetry scores (See 

Appendix K). 

Additionally, two paired-sample t-tests were conducted to compare perimetry scores 

in ‘Before’ and ‘After’ conditions for both eyes. The difference in scores for ‘Before 

Treatment’ conditions in ‘Control’ and ‘Tropicamide’ eyes were non-significant, t(23) = -

.053, p < .958. Likewise, ‘After Treatment’ conditions result t(23) = 1.254, p < .223 was 

nonsignificant. These outcomes suggest that neither ‘Control’ and ‘Tropicamide’ eyes had 

noteworthy effect in ‘Before’ and ‘After’ conditions. Specifically, the results suggest that 

perimetry scores are not affected by tropicamide instillation. Table 5 shows more information 

(See Appendix L). 

Given that the standard ANOVA and t-tests failed to reveal any positive effects, the 

question remains if the present findings are conclusive for the null hypothesis that using 1% 

tropicamide has no effect on perimetry results. Therefore, the null hypothesis (H0) was 

directly tested by estimating the Bayes factors using a Bayesian repeated-measures ANOVA 

with the software JASP, using its default priors (JASP Team, 2017). This revealed a BF10 of 

0.250 for ‘Treatment’, which equals a BF01 = 1/0.250 = 4.000 in favor of the H0. BF10  for 

‘Eye’ was 0.293, meaning BF01 = 1/0.293 = 3.412 that is also a substantial evidence for H0. 

BF10 for the two main effects model were 0.072 and BF10 for the model with the interaction 

was 0.031; consequently, the BF including the interaction is 0.072/0.031 = 2.322. 

Additionally, the analysis of effect showed a BF Inclusion (treatment * eye) of 0.075 supporting 
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very strong evidence for H0. Overall, the estimated Bayes factor (null/alternative) suggested 

that data were conclusively in favor of the null hypothesis (BF10  < 0.33; Dienes, 2014), 

meaning that the present nonsignificant results were not due to insensitive data (e.g. 

underpowered statistics).  Table 6 and 7 report Bayesian repeated measures ANOVA values 

and analysis of effects (See Appendices M and N) . 

Table 6.  

 

Bayesian Repeated Measures ANOVA 

Models P(M) P(M|data) BF M BF 10 error %  

Null model (incl. subject) 0.200 0.587 5.606 1.000  

Treatment 0.200 0.169 0.813 0.288* 0.959 

Eye 0.200 0.168 0.805 0.285* 1.040 

Treatment + Eye 0.200 0.051 0.216 0.087 2.943 

Treatment + Eye + Treatment ✻ Eye 0.200 0.025 0.101 0.042 2.803 

Note. All models include subject. *BF10= <0.333 

 

The Bayesian paired samples t-test with non-directional alternative hypothesis 

revealed that the ‘Before’ condition test scores for both eyes had a BF10  of 0.215 resulting in 

substantial evidence for H0. Meanwhile, the ‘After’ condition test scores for both eyes had a 

BF10 of 0.431 resulting in only “anecdotal” evidence. Figure 6 and 7 report the sequential 

analyses (See Appendices O and P).  

3.2 Pupil Size and Time 

Means were calculated for ‘Time’ from 1% tropicamide administration in minutes in 

order to see if there is any effect in the sequence of Time 1, 2, 3, 4 and 5. Table 3 shows the 

counts, means, standard deviation and standard mean of errors for all participants in different 

‘Time’ sequences (See Appendix C). Six participants were tested right after tropicamide 

administration (M = 0.000, SD = 0.000, SE = 0.000), five participants tested in ‘Time 2’ with 
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(M = 10.800, SD = 4.324, SE = 1.934), five participants tested in ‘Time 3’ with (M = 19.800, 

SD = 8.786, SE = 3.929), four participants tested in ‘Time 4’ with (M = 36.00,  SD = 4.967, 

SE = 2.483) and lastly four participants tested in ‘Time 5’ with (M = 52.750, SD = 9.069, SE 

= 4.535).  The mean pupil diameter for ‘Control’ and ‘Tropicamide’ eyes in ‘Time’ 

sequences can be seen in Figure 4 (See Appendix G). It shows that pupil size varied mostly in 

sequence three for the ‘Tropicamide’ eye.   

Table 3. 

 

Means Table for Time from Tropicamide (minutes)  

Sequence Count Mean SD SE 

1 6 0.000 0.000 0.000 

2 5 10.800 4.324 1.934 

3 5 19.800 8.786 3.929 

4 5 36.000 4.967 2.483 

5 4 52.750 9.069 4.535 

Note. Effect: Sequence; N = 24. 

 

3.3 Pupil Size and Perimetry Scores in After Condition 

3.3.1  Control eye. 

 A simple linear regression was calculated to predict participants’ perimetry score 

based on pupil size in the ‘Control’ eye. A nonsignificant regression equation was found F 

(1,17) = 1.326 p > .266, with an R2  of .072. Participant’s predicted perimetry score was equal 

to 196.524 + 5.356 perimetry scores when pupil size was measured in mm. Participant’s 

average perimetry score increased 5.356 for each mm of pupil size.  

3.3.2  Tropicamide eye. 

Likewise, a simple linear regression was calculated to predict participants’ perimetry 

score based on pupil size in the ‘Tropicamide’ eye. A nonsignificant regression function was 

found F (1,17) = .003 p > .958, with an R2  of .000. Participant’s predicted perimetry scores 
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was equal to 215.732 - .185 perimetry scores when pupil size was measured in mm. 

Participant’s average perimetry score decreased -.185 for each mm of pupil size. 

The matrix of correlations in Table 8 shows a very weak relationship between 

perimetry scores and pupil size in ‘Tropicamide Eye’ in the ‘After’ condition was, r = -.013, 

p > .958 (Cohen, 1988) (See Appendix Q). Also, the relation between perimetry scores and 

pupil size in the ‘Control Eye’ in the ‘After’ condition was a weak relationship, r = .269, p > 

.269. Additionally, Bayesian Correlation Matrix revealed a BF10 of 0.284 for the 

‘Tropicamide’ treated pupil size and perimetry test scores in the ‘After’ condition, which 

equals a BF01  = 1/0.284 = 3.521, thus evidence in favor of the null hypothesis.  Table 9 

shows more details (See Appendix R). Overall, the above mentioned results indicate that 

there is no significant relationship between pupil sizes in either treated or untreated eyes 

(Tropicamide, Control) and the perimetry scores in the ‘After’ condition.  

Table 8. 

 

Correlation Matrix - Simple Linear Relationship Among Perimetry Scores and Pupil Size 

in After Treatment Condition 

  Trop_Score Control_Score Trop_PS Control_PS 

Trop_Score Pearson’s r --    

 p-value --    

Control_Score Pearson’s r 0.407 --   

 p-value 0.049 --   

Trop_PS Pearson’s r -.013 0.047 --  

 p-value 0.958 0.848 --  

Control_PS Pearson’s r 0.120 0.269 0.094 -- 

 p-value 0.625 0.266 0.712 -- 

Note. Pearson correlation coefficients. PS= Pupil size. Trop= Tropicamide. N=24. 

 

3.4 False Positives Scores 

The mean scores for ‘Before’ ‘Control Eye’ condition were (M = 0.708, SD = 1.083), 

‘Before’ ‘Tropicamide Eye’ condition were (M = 1.792, SD = 2.797), ‘After’ ‘Control Eye’ 

condition were (M = 1.208, SD = 1.793) and ‘After’ ‘Tropicamide Eye’ condition were (M = 
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1.042, SD = 2.116). See Table 10 for standard error of mean, minimum and maximum scores 

that were calculated using 95% confidence interval (See Appendix S). 

Paired sample t-tests revealed that false positive score difference in ‘Control Eye’ and 

‘Tropicamide Eye’ in ‘Before’ condition was significant t(23) = -2.269, p > 0.033. However, 

no significant differences in false positive scores between ‘Control Eye’ and ‘Tropicamide 

Eye’ in ‘After’ conditions were found t(23) = 0.410, p < 0.686. This suggests that the 

participants clicked more randomly in the ‘Tropicamide Eye’ ‘Before’ condition (i.e., in the 

eye before it was actually dilated) in comparison to other conditions. Figure 8 shows the false 

positive scores for ‘Control’ and ‘Tropicamide’ eyes in five time sequences (See Appendix 

T). The overall mean frequencies of false positive (FP) were under 2%, which is small and 

well within acceptable limits (Laisharam et al., 2017).  

3.5 False Negatives Scores 

The mean scores for ‘Before’ ‘Control Eye’ condition were (M = 3.667, SD = 1.606), 

‘Before’ ‘Tropicamide Eye’ condition were (M = 4.042 SD = 1.989), ‘After’ ‘Control Eye’ 

condition were (M = 3.917, SD = 1.932) and ‘After’ ‘Tropicamide Eye’ condition were (M = 

4.208, SD = 2.085). See Table 11 for standard error of mean, minimum and maximum scores 

that were calculated using 95% confidence interval (See Appendix U). 

Paired sample t-tests revealed that false negative (FN) score difference in ‘Control Eye’ and 

‘Tropicamide Eye’ in ‘Before’ condition was not significant t(23) = -0.746, p < 0.463. 

Similarly, no significant differences in FN scores between ‘Control Eye’ and ‘Tropicamide 

Eye’ in ‘After’ conditions were found t(23) = -0.486, p < 0.632. Therefore, the results 

indicate that there were no inattentive participants of periods of inattentiveness documented 

during perimetry tests. Figure 9 shows mean FN scores for ‘Control’ and ‘Tropicamide’ eyes 

in five time sequences (See Appendix V). The mean frequencies of FN scores were < 5%, 

which is minor and well within acceptable limits (Laisharam et al., 2017).  
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3.6 Fixation Stability 

Fixation stability was defined according to the measures reported by Fujii and 

colleagues (2003). Fixation was defined “stable” when 75% of fixations were within the 2 

circle, “relatively unstable” when 75% of fixation were within the 4 circle, and “unstable” 

when < 75% of fixations were within the 4 circle. 

3.6.1 Fixation stability within 2 circle.  

The mean fixation stability values within 2 circle in ‘Before’ ‘Control Eye’ condition 

were: M = 90.000 (SD = 11.718), ‘Before’ ‘Tropicamide Eye’ condition were M = 91.250 

(SD = 12.273), ‘After’ ‘Control Eye’ condition were M = 90.333 (SD = 17.873) and ‘After’ 

‘Tropicamide Eye’ condition were M = 93.792 (SD = 8.782).  Table 12 reports median, 

minimum and maximum scores that were calculated using 95% confidence interval (See 

Appendix W). 

Paired sample t-test indicated that the fixation stability within 2 circle in ‘Control 

Eye’ and ‘Tropicamide Eye’ in ‘Before’ condition did not differ significantly, t(23) = -0.495 

p < 0.625. Similarly, no significant differences between ‘Control Eye’ and ‘Tropicamide 

Eye’ in the ‘After’ conditions were found t(23) = -0.888, p < 0.384.  

The mean fixation stability values within 4 circle in ‘Before’ ‘Control Eye’ condition 

were (M = 99.708, SD = 0.690), ‘Before’ ‘Tropicamide Eye’ condition were (M = 99.250, 

SD = 1.984), ‘After’ ‘Control Eye’ condition were (M = 99.208, SD = 2.146) and ‘After’ 

‘Tropicamide Eye’ condition were (M = 99.250, SD = 2.878).  Table 13 reports median, 

minimum and maximum scores (See Appendix X). 

3.6.2 Fixation stability within 4 circle.  

Paired sample t-test indicated that fixation stability within 4 circle in ‘Control Eye’ 

and ‘Tropicamide Eye’ in ‘Before’ condition did not differ significantly, t(23) = 1.088 p < 
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0.288. Similarly, no significant differences were found between ‘Control Eye’ and 

‘Tropicamide Eye’ in ‘After’ conditions t(23) = -0.055, p < 0.957.  

The data showed that outliers within 2 circle were more prevalent than within 4 

circle. Median scores were calculated in order to measure central tendency. Overall, the 

results indicated that fixation stability values within 2 circle were > 90% and for 4 circle  

were > 99%, which is “very stable” (Laisharam et al., 2017). Paired sample t-tests showed 

that there were no substantial differences for the ‘Before’ and ‘After’ conditions. 

3.7 Demographic Analyses 

A series of preliminary analyses were carried out to assess relationship between 

independent demographic variables (Age, Gender, Eye color, Eye sight, Eye dominance, 

Handedness, Career, Education and Nationality) and the main variables of interest (‘Control 

Eye’ ‘Before Treatment’, ‘Tropicamide Eye’ ‘Before Treatment’, ‘Control Eye’ ‘After 

Treatment’ and ‘Tropicamide Eye’ ‘After Treatment’). None of the preliminary analyses 

were significant except for the Age variable in three conditions and Gender variable in one 

condition. Table 14, 15, 16 and 17 reports regression analysis of demographic variables and 

perimetry scores for ‘Control’ and ‘Tropicamide’ eyes in ‘Before’ and ‘After’ conditions 

(See Appendices Y, Z, AA and BB). 

3.7.1 Age and perimetry scores. 

A simple linear regression was calculated to predict participant’s perimetry score 

based on age in the ‘Tropicamide Eye’ ‘Before’ condition. A significant regression function 

was found F (1,21) = 4.355 p < .049, with an R2  of .172. Participant’s predicted perimetry 

scores was equal to 250.398 - 1.339 with age measured in years. Participant’s average 

perimetry score decreased -1.339 for each year of age.  
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Similarly, a significant regression function was found F (1,21) = 7.198 p < .014, with 

an R2  of .255 for ‘Tropicamide Eye’ ‘After’ condition. Participant’s predicted perimetry 

scores was equal to 253.730 - 1.492 with age measured in years. Participant’s average 

perimetry score decreased -1.492 for each year of age. 

Lastly, a significant regression function was found F (1,21) = 4.609 p < .044, with an 

R2  of .180 for ‘Control Eye’ ‘After’ condition. Participant’s predicted perimetry scores were 

equal to 252.009 - 1.303 with age measured in years. Participant’s average perimetry score 

decreased -1.303 for each year of age. The results show a significant relationship between 

Age and perimetry scores, especially in the ‘Tropicamide Eye’ ‘After’ condition.  
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4 Discussion 

Several studies have suggested that pupil dilations lower the performance in the 

automatic static field perimetry and threshold sensitivity tests (Lindenmuth, Skuta, Rabbani, 

Musch & Bergstrom, 1990; Kudrna, Stanley & Remington, 1995; Han et al., 2017). 

However, there is still little evidence on how pupillary dilations could impact microperimetry 

performance. This study directly examined the effects of pupil dilation on microperimetry 

scores and on fixation stability in healthy participants. The study concluded for the null 

hypothesis that pupil dilations have no effect on microperimetry scores. We had considered 

the possibility that microperimetry scores would be negatively impacted by pupillary 

dilations due to the change of total amount of light that falls on the retina, but the evidence 

presented in the study indicate otherwise. Furthermore, we considered the possibility that 

dilated pupil would decline the threshold sensitivities in microperimetry. The testing of 

foveal sensitivity in the present study did not support the hypothesis that there is a substantial 

relationship between microperimetry scores and pupillary dilations. Overall, very little 

support was obtained for the hypothesis that larger pupil dilations reduce the threshold 

sensitivities in microperimetry. 

 The pupil size had no significant impact on the microperimetry scores in the 

‘Tropicamide’ treated eye in the ‘After’ condition. Additionally, fixation stability was “very 

stable” in ‘Before’ and ‘After’ conditions. Participants’ only revealed a significant difference 

between ‘Control’ eye and ‘Tropicamide’ eye in ‘Before’ condition. This shows that the 

participants’ clicked more randomly in this condition compared to the others. This occurred 

before the eye was fully dilated and can be explained with a systematic response bias of 

participants, since the microperimetry is based on a self-report response. Whereas, the false 

negative difference in ‘Control’ eye and ‘Tropicamide’ eye in all conditions were not 
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significant. This indicates that participants had a high reliability since they were very 

attentive during the testing. Interestingly, the demographic variable that had an effect on the 

perimetry scores in most conditions was ‘Age’. There was no effect of eye color on perimetry 

scores in both eyes (Control, Tropicamide).   

4.1 The Stiles-Crawford Effect 

The results can be understood in various ways. The nonsignificant findings might be 

explained with a reduction of the Stiles-Crawford Effect (SCE), which was discovered in 

1933 (Enoch, Lakshminarayanan & Yamade, 1986). In SCE a slanting ray of light that enters 

the eye is perceived more sensitively than the same ray of light that enters at an angle, as a 

function of pupil location (Han et al., 2017). SCE is pronounced in peripheral perimetry, 

however, its impact is significantly reduced in microperimetry as the light stimuli are 

projected through mesopic-adapted pupil onto the central macula.  

The anatomical distribution of rods and cones impacts the vision (Purves et al., 2001). 

There are almost 91 million rods in the human retina in comparison to circa 4.5 million 

cones. Furthermore, their distribution changes dramatically in the fovea, which is about 1.2 

mm in diameter in the central retina. The highest density in the fovea consists of cones, 

which is also the highest density of cones in the retina. The foveolar is situated in the macula 

and has a size of almost 0.35 mm in diameter. It consists only of the cone cells. According to 

Nebbiso, Barbato and Pescosolido (2014), healthy subjects tend to experience a physiological 

central scotoma in dim light that resembles the foveal area with no rods. This area of the 

retina is circa 0.35 mm in size and corresponds to the central 1.25. Whereas a high density 

of rods is located around the central 5 to 6, in which  a greater sensitivity following dark 

adaption is registered.  

SCE is primarily produced by cone responses and this study tested 9 of central vision 

that entails significant density of rods (Westheimer, 2008; Crossland et al., 2011). Thus, it is 
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likely that reduced SCE (less peripheral light scatter) has led to no differences in threshold 

changes in ‘Control’ and ‘Tropicamide’ eye in microperimetry. This is supported by the 

present findings.  

According to Han and colleagues (2017), dilation could have increased threshold and 

fixation stability by increasing light into the larger pupil. Due to high density of rods away 

from the fovea, the threshold for detecting a light stimulus is lower outside the region of 

central vision (Purves et al., 2001). Mydriasis might therefore increase the threshold in 

microperimetry by increasing the amount of light that goes directly into the larger pupil and 

targets the central vision. Hence, making it easier to detect a light stimulus. Fixation is used 

to obtain visual information to send to our brain for processing. The next fixation event is 

registered in the visual field by rapid eye movements called saccades (Troncoso et al., 2008). 

During a maintained fixation, human gaze does not settles into a motionless state. It engages 

in tiny movements around the target location (Krauzlis, Goffart & Hafed, 2017). 

Microsaccades i.e., small involuntary saccades and ocular drift i.e., slower, roaming motion 

of the eye are common movements that occur during fixation (Krauzlis, Goffart & Hafed, 

2017). It is common for pupil to contract with prolonged fixation. The constriction 

movements of the pupil in order to focus might lead to fixation instability. However, it is 

likely that pupil dilation minimizes movement of the pupillary reflex and produce fewer eye 

movements that lead to better fixation stability. It is important to note that our data showed 

that the fixation stability values for 2° circle  and 4° circle were “very stable” in ‘Before’ and 

‘After’ conditions for both eyes. (Laisharam et al., 2017). 

4.2 Age and Microperimetry Scores 

It is not surprising that participant’s average perimetry scores decreased significantly 

for each year of age in three conditions. According to Brusini (2007), many studies have 

gathered functional data from various perimetric techniques and histological data that counts 
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the optic nerve axons. It is documented that optic nerve fibers are reduced on average about 

5000 to 9000 per year. Additionally, Kasthurirangan and Glasser (2006) explain various age 

related changes in the shape and activity of the pupil that includes reduction of pupil 

diameter, unequal shape of the pupil, reduction in light induced pupil constriction, maximum 

rate of pupil constriction and dilation reduces with age and the pupillary responses slow 

down. Thus, the impact of ageing on vision is very substantial. Midena and Cavarzeran 

(2006) investigated normal age-related values for automatic fundus-related microperimetry 

and found significant decrease of the mean sensitivity that started with 19.7 dB at age of 

twenty years old. Our study shows that age has an impact on microperimetry scores for 

healthy subjects, which seems reasonable given the above mentioned impacts of age on the 

pupil. 

4.3 The Time Sequence 

Third, in the present study microperimetry was conducted in different time sequences. 

Figure 4 shows that data for pupil diameter varied mostly in sequence three for ‘Tropicamide 

Eye’ (See Appendix G). The results revealed that pupil size had no significant impact on the 

microperimetry scores in the ‘After’ condition. Ergo, pupil dilation by 1% tropicamide in 

microperimetry did not influence the microperimetry performance substantially. 

4.4 Iris Color and Perimetry Scores 

In this study, 58.3% participants had blue or green eyes and 37.5% had brown eyes. 

Additionally, participants took microperimetry tests at different time sequences and pupil 

dilations were not measured based on iris color. However, preliminary analysis found no 

significant results. German, Wood and Hurst (1999) investigated the binding characteristics 

of antimuscarninic drugs that are frequently used in clinical practiced for mydriasis and 

cycloplegia (paralysis of the ciliary muscle of the eye). Their findings suggest that drugs such 
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as tropicamide that bind to melanin can significantly influence the overall response, but it is 

also likely that specific affinity (resemblance in structure) for muscarinic binding sites can 

lead to differences in the clinical effect. However, our results revealed no significant 

association between the eye color and microperimetry scores.  

4.5 Limitations and Future Directions 

The potential confounding variables that are discussed here, even if present, are likely 

to have played no role in the present investigation due to the (conclusive) null results. A 

potential confounding variable could be the intraocular pressure (IOP) that can lead to blurred 

vision, headache, appearance of rainbow-colored circles around bright lights (Chauhan & 

Drance, 1992). Mydiatric drugs like tropicamide may increase IOP, but it is uncommon in the 

normal population (Harris, Galin & Mittag, 1971). This is further confirmed in a study that 

increase in IOP has been documented in glaucomatous eyes and not in normal eyes 

(Marchini, Babighian, Tosi, Perfetti & Bonomi, 2003). The authors found widening of 

anterior chamber angle (ACA) in patients with glaucoma as a result of mydiatric drugs. 

Furthermore, the patients treated with 2% ibopamine and 1% tropicamide had significant 

increase in IOP , Whereas, patients with glaucoma and normal subjects who were treated 

with 10% phenylephrine did not demonstarte statistically significant changes in IOP 

(Marchini et al., 2003).  

Interestingly, Pukrushpan, Tulvatana and Kulvichit (2006) found no significant 

differences in IOP pre-and post-dilation in normal eyes and found narrowing of the anterior 

chamber angle, which is inconsistent with previous mentioned study. This is also concluded 

by Lee and Yoo (2013) who examined the short-term effect of standard automated perimetry 

testing on intraocular pressure in patients with open-angle glaucoma. Their findings suggest 

that IOP is not impacted significantly after standard automated perimetry, and might be a 

redundant practice. The above mentioned studies reveal that there is some contradictory 
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evidence in regards to how much IOP is impacted by dilation caused by 1% tropicamide. It 

was not deemed necessary to check IOP in participants ‘Before’ and ‘After’ dilation in our 

study. However, there is not enough evidence in the literature in regards to what impact 

intraocular pressure as a result of 1% tropicamide has on microperimetry scores in healthy 

eyes. Future research should direct attention to this and add Tonometry before and after 

microperimetry to rule out impact of IOP on the results.  

 Mesopic adaption time is an essential variable that could have influenced 

microperimetry performance. Our experiment design did not entail mesopic adaption for 

participants. Therefore, future study should follow the Oxford Eye Deparment’s standard 

operating recommendations for microperimetry that requires 20 minutes of mesopic adaption 

prior to testing (Han et al., 2017).  

The present finding may reflect sample limitations. That is, the majority of 

participants in this study were under the age of 30 and they belonged to the university 

population, which severely limits the generalizability of the results. The study was based on 

relatively small sample size (n= 24), although appropriate to make a conclusion according to 

Bayesian analyses. 

 Relationship between pupil size and perimetry scores in the ‘Before’ condition were 

not analyzed, since this particular data was not obtained. There was no significant impact 

found between the pupil size and perimetry scores in the ‘Tropicamide’ eye ‘After’ condition, 

but we lacked the data to compare the ‘Before’ and ‘After’ conditions. Future research should 

obtain the pupil size data in both conditions to make comparisons. 

There is rather limited information in the literature about the disassociation rate of 1% 

tropicamide from melanin in various eye color. Though this study suggests that iris color had 

no significant impact on microperimetry scores for ‘Control’ and ‘Tropicamide’ eye, casual 
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links cannot be established. Future exploration research is needed to consider the role of time 

sequences and iris color in order to establish more robust conclusions. 

It should also be noted that there are very few studies who have investigated the 

impact of ageing on visual field data obtained by microperimetry (Brusini, 2007). Therefore, 

there is a need to clarify whether or not all microperimetric techniques are affected to the 

same extent by age.  

Lastly, since the experiment involved test repetition of microperimetry it could have 

led to either learning or fatigue effects. In order to counteract the false responses and fatigue 

effect, our design was counterbalanced. This reduced the chances of order treatment and 

other factors that might harmfully impact the results. However, we did find a weak difference 

in the false positive scores between the ‘Control Eye’ and ‘Tropicamide Eye’ in the ‘Before’ 

condition. Given that the eyes were both untreated in this baseline condition, it can be safely 

concluded that this was a chance finding and that it is likely that participants gave response 

more randomly in the baseline/Before condition, when they had no practice yet with the task. 

Also, the participants’ overall mean frequencies for false positive scores were under 2%, 

which is small and well within acceptable limits. Similarly, mean frequencies for false 

negative scores were less than 5% in this study. Thus, the participants reliability for reporting 

during testing seems adequate. It is likely that more stratified samples could show the 

predicted mydriasis and microperimetry connection, where pupil dilation can impact the 

threshold sensitivity in microperimetry. That should be considered in the future design of 

experiments. 

  



 54 

 

4.6 Conclusion 

A growing number of studies are using microperimetry because of its excellent 

sensitivity measuring the functional field of view. Despite the widespread usage of 

microperimetry, there is no established consensus on to what extent pupillary dilations 

influence microperimetry results. Today, many clinicians medically dilate their patients’ 

pupils before perimetry tests, as opposed to how standard automated perimetry testing is 

performed. There is no protocol regarding the benefits of pupil dilations and microperimetry 

(Han et al., 2017). It has also been predicted that pupillary dilations might impact the 

perimetry results due to change in the total amount of light that falls on the retina. Moreover, 

only a handful of studies systematically look at the effects of dilations and its impact on 

microperimetry. 

Artificial pupil dilations may be a redundant practice when conducting 

microperimetry on healthy individuals. Therefore, elimination of this practice can ease the 

workflow of clinicians. In order to tap into the underlying mechanisms of mydriasis and 

microperimetry, more studies should incorporate above mentioned suggestions such as 

mesopic adaption and measure intraocular pressure with Tonometry before and after 

microperimetry. Furthermore, a large and diverse sample size will validly generalize the 

findings by increasing external validity. Nevertheless, future studies are required to establish 

clinical protocols. This will allow meaningful comparison between studies, which will help to 

elucidate this matter profoundly. 

Our results do not support the hypothesis that pupil dilations significantly influence 

microperimetry performance. We therefore conclude that healthy individuals may safely be 

tested with microperimetry pre-dilated or un-dilated, based on clinicians’ evaluations. This 

would also allow the application of tropicamide in vision research experiments in which 
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participants are requested to detect luminance differences, without the risk of causing 

confoundings in the treated eye.  
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Appendices 

Appendix A 
 

Demographic Characteristics of Participants 
 
 

Table A1.  

 

Demographic Characteristics of Participants 

Characteristics  N % 

Gender    

 Female 11 45.8 

 Male 12 50.0 

 Unknown a 

 

1 4.2 

Age    

 20-25 9 39.1 

 26-29 10 43.4 

 30+ 4 13.3 

 Unknown a 1 4.2 

Nationality    

 Norwegian 17 70.8 

 European 2 8.3 

 Asian 2 8.3 

 African 1 4.2 

 Unknown a  1 4.2 

Education    

 High school graduate 1 4.2 

 Some college 7 29.2 

 Undergraduate degree 6 25.0 

 Graduate degree 9 37.5 

 Unknown a 1 4.2 

Career    

 Student 12 50.0 

 Professional 11 45.8 

 Unknown a 1 4.2 

Note. Seven participants were not able to complete the tests and are therefore not included 

in the table. 

 

 a Demographical information of one participant was lost due to clerical error. 
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Appendix B 

 
Eye Characteristics of Participants 

 

Table B2.  

 

Eye Characteristics of Participants 

Characteristic  N % 

Eye Color    

 Blue 11 45.8 

 Green 3 12.5 

 Brown 9 37.5 

 Unknown a 1 4.2 

Eyesight    

 Normal Vision 11 45.8 

 Moderate Impaired 

Vision 

12 50.0 

 Unknown a 1 4.2 

Eye Dominance    

 Right 13 54.2 

 Left 8 33.3 

 Unknown a 3 12.5 

Handedness    

 Right 16 66.7 

 Left 6 25.0 

 Unknown a 2 8.3 

Tropicamide 

administration 

   

 Right 12 50.0 

 Left 12 50.0 

Note. Seven participants were not able to complete the tests and are therefore not included 

in the table. 

 

 a Demographical information of one participant was lost due to clerical error. 
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Appendix C 

 

Means Table for Time from Tropicamide (minutes) 

 

Table C3. 

 

Means Table for Time from Tropicamide (minutes)  

Sequence Count Mean SD SE 

1 6 0.000 0.000 0.000 

2 5 10.800 4.324 1.934 

3 5 19.800 8.786 3.929 

4 5 36.000 4.967 2.483 

5 4 52.750 9.069 4.535 

Note. Effect: Sequence; N = 24. 
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Appendix D 

 

 

 

Figure 1. Macular - 9° custom-made pattern 
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Appendix E 

 

 

 
Figure 2. Participant’s position during the microperimetry test. 
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Appendix F 

 

 

Figure 3. Fundus microperimetry of the right eye of participant No. 8. The local sensitivity of 

the measured points is shown in two ways - first as a color code (here dark green for best 

sensitivity) and second as a numerical code in dB from 0 to 20 (here 20 meaning best 

sensitivity). The small blue dots in the center indicate the fixation points during the exam. 

Eye movement within 2° and 4° are marked with blue dots.  
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Appendix G 

 

 
Figure 4. Mean pupil dilations for Control and Tropicamide eyes in 1-5 sequence ‘Time’.  
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Appendix H 

 

Information sheet 

 

Hello, 

 

 

Thank you for showing your interested in the study. 

  

Please read this thoroughly: 
1. You can only partake in the study if you eyesight is between 3.5 (+/-) diopters. 

2. You cannot partake in the study if you are pregnant or are currently under any 

medication. 

3. Your age must be between 18-45 years old. 

4. You cannot drink coffee or other caffeine beverages before the experiment. 

5. If you use contact lens, please be prepared to take them off. We recommend that you 

bring your glasses and extra set of contact lenses. We will provide you with contact 

solution at the hospital.  

6. Please bring your sunglasses. On a sunny day a much dilated pupil can cause 

discomfort. 

7. Bring your Norwegian account number. 

8. If you have international bank account bring following information: 

a. Passport number 

b. BIC-address (SWIFT-code) 

c. IBAN-account number (mainly Europe) 

d. For countries without IBAN-accounts 

i. Bank name 

ii. Bank address 

iii. City, Post code 

iv. Bank Code (USA, Canada, South Africa, Australia) 

9. Address:  

Øyeavdelingen/Ullevål Universitetessykehus 

Kirkeveien 166, 0424 Oslo 

Tram: (17/18 towards Rikshospitalet) Stop: Ullevål sykehus 

Busses: 20 or 25 

 

If you have any additional question you can contact: 

 

Liva Martinuusen 

E-mail: liva.martinussen@gmail.com Mobile: 41358377 

 

Or  

 

Afak Afgun 

E-mail: afaka@student.sv.uio.no Mobile: 40095801 

  

mailto:liva.martinussen@gmail.com
mailto:afaka@student.sv.uio.no
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Appendix I 

 

Pilotprosjekt under “Hjernemekanismer for opplevelse av og motivasjon for belønning” 

Tittel på understudien: Betydning av kognitivt-fremkalt pupillutvidelse: Epifenomen eller 

funksjonelt? 

 

Bakgrunn og hensikt 

Dette er et spørsmål til deg om å delta i en forskningsstudie for å undersøke pupillens rolle i 

persepsjon og kognisjon hos friske, voksne menn og kvinner. Dette forsøket vil kunne gi svar 

som har bred relevans både som grunnforskning og for klinisk legemiddelbehandling. 

Ansvarlig for forsøket er Siri Leknes, Universitet i Oslo, ved Psykologisk Institutt.  

Medisinsk ansvarlig er øyelege Sigrid Aune de Rodez Benavent ved Oslo 

Universitetssykehus, Ullevål.  

 

Hva innebærer studien? 

Studien er en understudie under ”Hjernemekanismer for opplevelse og motivasjon for 

belønning” ved Psykologisk Institutt, Universitet i Oslo, ledet av Dr. Siri Leknes. Deltagelse 

innebærer ca en times undersøkelse ved Ullevål sykehus. Du vil bli bedt om å ta en 

øyendråpe (tropicamide) i det ene øyet som gjør at pupillen blir midlertidig utvidet. Deretter 

vil vi undersøke synsfeltet på begge øynene dine via en teknikk som heter mikroperimetri. 

Det innebærer at du får se lysglimt som blinker i forskjellige deler av synsfeltet. I tillegg vil 

du bli bedt om å gjøre ulike oppgaver som utføres med ett øye av gangen (det andre dekkes 

til) på en datamaskin med eye-tracker.  

 

Mulige fordeler og ulemper 

En mulig fordel med å delta i studien er at du kan hjelpe til med å fremme forskning og 

kunnskap om pupillens rolle i kognisjon og persepsjon. Tropicamide virker avslappende på 

visse muskler i øyet. Synet på det behandlede øyet kan dermed bli midlertidig uskarpt og du 

kan bli mer følsom for lys. Det anbefales ikke å kjøre bil eller å eksponeres for sterkt lys uten 

solbriller de første timene etter forsøket. Effekten avtar gradvis i løpet av noen timer som et 

maksimum etter 24 timer. Det foreligger ikke kjente bivirkninger fra inntak av en enkelt dose 

tropicamide. 

 

Vanlige bivirkninger etter inntak av en daglig dose i flere uker er nedsatt nærsyn, forbigående 

svie etter drypping, lysfølsomhet, munntørrhet, høy puls, ansikstsrødme, forstoppelse, 

hallusinasjoner, forvirring eller feber. Det er usannsynlig at du vil oppleve noen av disse 

bivirkningene etter en enkelt dose.  

 

Hva skjer med informasjonen om deg?  

Informasjonen som registreres om deg skal kun brukes slik som beskrevet i hensikten med 

studien. Alle opplysningene vil bli behandlet uten navn og fødselsnummer eller andre direkte 

gjenkjennende opplysninger. En kode knytter deg til dine opplysninger gjennom en 

navneliste. Det er kun autorisert personell knyttet til prosjektet som har adgang til navnelisten 

og som kan finne tilbake til deg. Disse opplysningene slettes ved prosjektets slutt. Det vil 

ikke være mulig å identifisere deg i resultatene av studien når disse publiseres.  

 

Frivillig deltakelse 

Det er frivillig å delta i studien.  Du kan når som helst og uten å oppgi noen grunn trekke ditt 

samtykke til å delta i studien. Dersom du ønsker å delta, undertegner du samtykkeerklæringen 
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på siste side. Om du nå sier ja til å delta, kan du senere trekke tilbake ditt samtykke uten at 

det påvirker din øvrige behandling. Dersom du senere ønsker å trekke deg eller har spørsmål 

til studien kan du kontakte Liva Martinussen, tlf: 413 58 377, epost: 

livajm@student.sv.uio.no eller masterstudent Afak Afgun, tlf: 400 95 801, epost: 

afaka@student.sv.uio.no.  

 

Deltagerne må være friske og i alderen 18-45 år. Du kan ha høyeste tillatte brille-

/linsekorreksjon på 3,5 (+/-) dioptrier. Du kan ikke være gravid eller ha alvorlige sykdommer. 

Dersom du melder deg frivillig til å delta i studien kan du likevel når som helst trekke deg fra 

studien uten å oppgi grunn. Forsøket består av ett besøk av ca. en times varighet.  

 

Rett til innsyn og sletting av opplysninger om deg 

Hvis du sier ja til å delta i studien, har du rett til å få innsyn i hvilke opplysninger som er 

registrert om deg. Du har videre rett til å få korrigert eventuelle feil i de opplysningene vi har 

registrert. Dersom du trekker deg fra studien, kan du kreve å få slettet innsamlede 

opplysninger med mindre opplysningene allerede er inngått i analyser eller brukt i 

vitenskapelige publikasjoner 

 

Forsikring 

Universitetet i Oslo er selv-assurerende.   

 

Informasjon om utfallet av studien 

Som deltaker har du rett til å få informasjon om utfallet/resultantene av studien.  

 

 

 

 

 

 

Samtykke til deltakelse i studien 
 

Jeg er villig til å delta i studien 

 

 

 

(Signert av prosjektdeltaker, dato) 

 

 

 

 

 

Jeg bekrefter å ha gitt informasjon om studien 

 

 

 

N (Signert, rolle i studien, dato) 

 

 

  

mailto:livajm@student.sv.uio.no
mailto:afaka@student.sv.uio.no
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Appendix J 

 

 

 

Figure 5. Mean perimetry scores in ‘Treatment’ conditions for ‘Control’ and ‘Tropicamide’ 

eyes. Error bars represent 95% confidence limits. N = 24. 
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Appendix K 

 

Analysis of Variance (ANOVA) for Perimetry Score Data 

 

 

Table K4. 

  

Analysis of Variance (ANOVA) for Perimetry Score Data 

 SS df MS F P η² p 

Eye 63.375 1 63.375 0.476 0.497 0.020 

Residual 3061.625 23 133.114    

Treatment 35.042 1 35.042 0.572 0.457 0.024 

Residual 1409.958 23 61.303    

Eyes 

*Treatment 

77.042 1 77.042 1.045 0.317 0.043 

Residual 1695.958 23 73.737    

Note. N=24; SS = sums of squares; df = degrees of freedom; MS = means square,  η² p = partial 

eta squared.  
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Appendix L 

 

Paired Sample T-test for Control and Tropicamide Eyes in Before and After Treatment 

Conditions 

 

 

Table L5.  

 

Paired Sample T-test for Control and Tropicamide Eyes in Before and After Treatment 

Conditions 

 MD      SE Df Cohen’s d 

Control Eye Before – Tropicamide Eye Before     -0.167 3.132 -0.011 

Control Eye After – Tropicamide Eye After 3.417 2.725 0.256 

Note. N= 24; MD = mean difference;  p>0.05. 
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Appendix M 

 

Bayesian Repeated Measures ANOVA 

 

Table M6. 

 

Bayesian Repeated Measures ANOVA 

Models P(M) P(M|data) BF M BF 10 error %  

Null model (incl. subject) 0.200 0.587 5.606 1.000  

Treatment 0.200 0.169 0.813 0.288* 0.959 

Eye 0.200 0.168 0.805 0.285* 1.040 

Treatment + Eye 0.200 0.051 0.216 0.087 2.943 

Treatment + Eye + Treatment ✻ Eye 0.200 0.025 0.101 0.042 2.803 

Note. All models include subject. *BF10= <0.333 
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Appendix N 

 

Analysis of Effects – Bayesian Repeated Measures ANOVA for Microperimetry Data 

Scores 

 

 

Table N7. 

 

Analysis of Effects – Bayesian Repeated Measures ANOVA for Microperimetry Data 

Scores 

Effects P(incl) P(incl|data)  BF Inclusion 

Eye 0.600 0.250 0.223 

Treatment 0.600 0.215 0.183 

Eye  ✻  Treatment 0.200 0.018 0.075* 

Note. *BF10= <0.333 
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Appendix O 

 

 

Figure 6.  Bayesian sequential analysis for Before condition for Control and Tropicamide 

eyes. Evidence for null hypothesis is moderate.  BF10 = 0.215; N = 24. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 81 

Appendix P 

 

 
Figure 7.  Bayesian sequential analysis for After condition for Control and Tropicamide eyes. 

Evidence for null hypothesis is anecdotal. BF10 = 0.431; N = 24. 
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Appendix Q 

 

Correlation Matrix - Simple Linear Relationship Among Perimetry Scores and Pupil 

Size in After Treatment Condition 

 

Table Q8. 

Correlation Matrix - Simple Linear Relationship Among Perimetry Scores and Pupil Size 

in After Treatment Condition 

  Trop_Score Control_Score Trop_PS Control_PS 

Trop_Score Pearson’s r --    

 p-value --    

Control_Score Pearson’s r 0.407 --   

 p-value 0.049 --   

Trop_PS Pearson’s r -.013 0.047 --  

 p-value 0.958 0.848 --  

Control_PS Pearson’s r 0.120 0.269 0.094 -- 

 p-value 0.625 0.266 0.712 -- 

Note. Pearson correlation coefficients. PS= Pupil size. Trop= Tropicamide. N=24. 
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Appendix R 

 

Bayesian Correlation Matrix - Simple Linear Relationship Among Perimetry Scores 

and Pupil Size in After Treatment Condition 

 

 

Table R9. 

Bayesian Correlation Matrix - Simple Linear Relationship Among Perimetry Scores and 

Pupil Size in After Treatment Condition 

  Trop_Score Control_Score Trop_PS Control_PS 

Trop_Score Pearson’s r --    

 BF 10 --    

Control_Score Pearson’s r 0.407 --   

 BF 10 1.588 --   

Trop_PS Pearson’s r -.0013 0.047 --  

 BF 10 0.284* 0.289 --  

Control_PS Pearson’s r 0.120 0.269 0.094 -- 

 BF 10 0.317 0.506 0.310 -- 

Note. *BF10= <0.333. PS= Pupil size. Trop= Tropicamide. N=24. 
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Appendix S 

 

Descriptive Statistics for False Positive Scores 

 

 

Table S10. 

 

Descriptive Statistics for False Positive Scores 

 Control 

Before 

Control  

After  

Tropicamide 

Before 

Tropicamide 

After 

Mean 0.708 1.208 1.792 1.042 

Std. Deviation 1.083 1.793 2.797 2.116 

Std. Error of Mean 0.221 0.366 0.571 0.432 

Minimum 0.000 0.000 0.000 0.000 

Maximum 4.000 7.000 9.000 8.000 

Note. N=24. 
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Appendix T 

 

 
Figure 8. Cell mean for false positive scores for Control and Tropicamide eyes in 1-5 

sequence time. 1 = 0 min and 5  52 min. Error bars:  Standard Error (s). 
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Appendix U 

 

Descriptive Statistics for False Negative Scores 

 

 

 Table U11. 

 

Descriptive Statistics for False Negative Scores 

 Control 

Before 

Control  

After  

Tropicamide 

Before 

Tropicamide 

After 

Mean 3.667 3.917 4.042 4.208 

Std. Deviation 1.606 1.932 1.989 2.085 

Std. Error of Mean 0.328 0.394 0.406 0.426 

Minimum 0.000 1.000 0.000 0.000 

Maximum 6.000 8.000 10.000 7.000 

Note. N=24. 
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Appendix V 

 

 
Figure 9. Cell mean for false negative scores for Control and Tropicamide eyes in 1-5 

sequence time. 1 = 0 min and 5  52 min. Error bars:  Standard Error (s). 
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Appendix W 

 

Descriptive Statistics for Fixation Stability - 2 Percentage Scores 

 

 

Table W12. 

 

Descriptive Statistics for Fixation Stability - 2 Percentage Scores 

 Control 

Before 

Control  

After  

Tropicamide 

Before 

Tropicamide 

After 

Mean 90.000 90.333 91.250 93.792 

Std. Deviation 11.718 17.873 12.273 8.782 

Median 95.000 96.500 95.500 97.500 

Minimum 67.000 16.000 55.000 62.000 

Maximum 100.000 100.000 100.000 100.000 

Note. N=24. 
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Appendix X 

 

Descriptive Statistics for Fixation Stability - 4 Percentage Scores 

 

Table X13. 

 

Descriptive Statistics for Fixation Stability - 4 Percentage Scores 

 Control 

Before 

Control  

After  

Tropicamide 

Before 

Tropicamide 

After 

Mean 99.708 99.208 99.250 99.250 

Std. Deviation 0.690 2.146 1.984 2.878 

Median 100.000 100.000 100.000 100.000 

Minimum 98.000 92.000 91.000 86.000 

Maximum 100.000 100.000 100.000 100.000 

Note. N=24. 
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Appendix Y 

 

Regression Analysis of Demographic Variables and Perimetry Scores for Tropicamide 

Eye in Before Condition 

 

Table Y14. 

 

Regression Analysis of Demographic Variables and Perimetry Scores for Tropicamide Eye 

in Before Condition  

Variables t p SE 

Age -3.542   0.005* 0.690 

Gender 2.345   0.039* 5.478 

Eye Color 0.613 0.552 4.057 

Eye Sight 0.729 0.481 5.412 

Dominant Eye -1.837 0.093 6.087 

Handedness -0.911 0.382 5.944 

Career 1.278 0.227 6.254 

Education -0.568 0.581 3.422 

Nationality -0.563 0.585 3.193 

Note. F = 2.166. R2 = 0.639. *p < .05. SE= Standard Error. N = 24 
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Appendix Z 

 

Regression Analysis of Demographic Variables and Perimetry Scores for Tropicamide 

Eye in After Condition 

 

Table Z15. 

 

Regression Analysis of Demographic Variables and Perimetry Scores for Tropicamide Eye 

in After Condition 

Variables t p SE 

Age -3.002   0.012* 0.657 

Gender -0.040 0.969 5.219 

Eye Color 2.090 0.061 3.865 

Eye Sight -0.629 0.543 5.156 

Dominant Eye 0.448 0.663 5.800 

Handedness -0.784 0.450 5.663 

Career 1.199 0.256 5.958 

Education -1.602 0.137 3.261 

Nationality -0.873 0.401 3.042 

Note. F = 1.855. R2  = 0.603. p < .05. SE= Standard Error. N = 24 
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Appendix AA 

 

Regression Analysis of Demographic Variables and Perimetry Scores for Control Eye in 

Before Condition 

 

Table AA16. 

 

Regression Analysis of Demographic Variables and Perimetry Scores for Control Eye in 

Before Condition 

Variables t p SE 

Age -1.491 0.164 0.747 

Gender -0.023 0.982 5.930 

Eye Color 0.206 0.840 4.392 

Eye Sight -0.910 0.382 5.859 

Dominant Eye -0.914 0.380 6.590 

Handedness -1.226 0.246 6.435 

Career -1.058 0.313 6.771 

Education -0.313 0.760 3.705 

Nationality -0.404 0.694 3.457 

Note. F = 1.119. R2 = .478. p < .05. SE= Standard Error. N = 24 
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Appendix BB 

 

Regression Analysis of Demographic Variables and Perimetry Scores for Control Eye in 

After Condition 

 

Table BB17. 

 

Regression Analysis of Demographic Variables and Perimetry Scores for Control Eye in 

After Condition 

Variables t p SE 

Age -2.369   0.037* 0.778 

Gender 0.739 0.476 6.179 

Eye Color 0.717 0.488 4.577 

Eye Sight 0.098 0.924 6.105 

Dominant Eye -0.757 0.465 6.867 

Handedness -1.258 0.234 6.705 

Career 0.602 0.559 7.055 

Education 0.650 0.529 3.861 

Nationality -0.594 0.565 3.602 

Note. F = 1.027. R2 =.457. p < .05. SE= Standard Error. N = 24 

 

 

 

 


