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Abstract 
 

BACKGROUND: Multiple vision-related quality of life (VRQoL) instruments exist, but 

questionnaires designed specifically for myopic children that are appropriate for 

assessing the impact of refractive error are rare. The aim of the study is to assess SREEQ-

R validity and to determine if this instrument is appropriate to measure VRQoL related to 

spectacle utilization in school-aged children sample with myopia in London.  

METHODS: This study, which utilized prospective questionnaire methodology, was 

conducted in London. Children up to the age of 18 years who presented for an eye 

examination with current or previous reported use of eyeglasses and who met the study 

requirements for spectacle prescription were included. SREEQ consists of 20 specific 

items divided into two parts with 3 response categories. WithoutGlasses relates to 

perceptions of uncorrected vision/not wearing glasses and WithGlasses relates to 

perceptions of corrected vision/wearing glasses followed by demographic and clinician 

details. Rasch analysis was used to explore the psychometric performance of the 

questionnaire and scale using WINSTEPS software. 

Results: A total of 125 eligible children completed the SREEQ-R, with mean age of 

12.7±2.9. All items fit the Rasch model and were retained and the scale was 

unidimensional (as indicated by principal-components analysis of the residuals). All 

children and item Infit and Outfit MNSQs fell within recommended fit criteria. Without 

Glasses the item that students were bothered least by was “feeling dizzy” and in contrast 

the item that affected respondents most was “problems seeing the board, at the movies or 

other things far away”. While With Glasses, students found the same item “feeling dizzy” 

to be the least bothering item and “I get headache, or my head or eyes hurt when I read” 
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to be the most problematic symptom. As per the Rasch analysis, person reliability 

coefficient for the Without Glasses version was 0.84 and 0.91 for the With Glasses 

version.  The item reliability for Without Glasses version was 0.99 and 0.80 for the With 

Glasses version.  

Conclusions: The SREEQ-R had satisfactory psychometric properties and Rasch analysis 

further supported the construct validity of the scale to measure the impact of uncorrected 

and corrected refractive error on VRQoL in myopic school-aged children in London. The 

SREEQ-R could be used in future studies to evaluate improvement in VRQoL. 
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Chapter 1: Introduction 
1.1 Introduction/Background 

Myopia also commonly known as nearsightedness is a vision condition whereby 

closer objects can be seen clearly, but objects far away are blurry. It is often seen that 

there can be difficulty seeing a movie or television screen clearly or the whiteboard in 

school. [American Optometric Association, 1997] Myopia falls under a larger 

category of common eye disorders known as refractive errors (RE). World Health 

Organization (WHO), defines as images from the outside world cannot be clearly 

focused. Myopia is a result of the eyeball being too long or the cornea (transparent 

front part of the eye) being too curved. [American Optometric Association, 1997] 

Myopia typically shows in school-aged children and its degree increases throughout 

childhood and adolescence, with adults being affected by 20-50% in the United 

States, US and Europe. [Pan et al., 2011] Despite etiology of myopia is unknown, 

evidences exist that myopia or the possibility of developing myopia has a genetic 

cause. Inheritance from one or both the parents who are nearsighted increases the 

changes of their children also being nearsighted. Even though the predisposition to 

develop myopia may be hereditary, there exists other factors. Some of the risk factors 

that increases the probability to developing myopia is time spent on near work like 

computer usage or reading or other intense vision related work. [American 

Optometric Association, 1997] There is a significant effect of lack of light on the 

development of myopia, which is clearly shown from a meta-analysis consisting of 19 

cohort studies.[French et al., 2013] This study confirms that lack of sunlight is a 

greater risk factor than duration of close-up work. 
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Myopia is commonly seen in school-age children and as the eye grows during 

childhood, it typically progresses into the early 20s. While the optical effects of 

myopia can be adjusted with glasses, contact lenses or refractive surgery, the 

permanent structural changes such as axial elongation are irreversible. In high myopia 

(greater than -5.00 or -6.00 diopter, depending on definition), these structural changes 

can be associated with sight-threatening complications. [World Health 

Organization,2015]. In recent birth cohorts, it is seen that age of onset of myopia is 

earlier with its prevalence also increasing. [Vitale, 2009] High myopia prevalence is 

predominantly concerning since its associated with several co-morbidities that can 

lead to loss of vision such as  retinal detachment, choroidal degeneration, premature 

cataracts, and glaucoma.  With its increasing prevalence and severity, researchers 

including families and patients are interested in methods to control its progression and 

if possible, prevention. Different interventions studied had varying results with some 

showing high benefit-risk ratio are low-dose atropine, dual-focus or corneal reshaping 

contact lenses, and increased time spent outdoors. [Manjunath & Enyedi, 2014] 

 

Focusing on myopia related quality of life (QoL) in children. Uncorrected refractive 

error (URE) effects vision-related quality of life (VRQoL) in children and adults. 

[Hsieh & Lin, 2016] The disease burden of myopia is greater with earlier its onset. As 

it lasts many years and probably over the lifetime of the individual. Myopia has 

several established social, economic, and educational consequences, and its economic 

impact is substantial. [S.-M. Saw et al., 1996b] Vision damage had lower scores 

statistically significantly for psychosocial (p = 0.03), school functioning (p = 0.02) 
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and total QoL (p = 0.03), in a study conducted among Singaporean adolescents 

[Wong et al., 2009] Different pharmacological treatment options are currently under 

study with an aim of slowing down the rate of myopia progression. Eyeglasses 

reduces myopic advancements in numerous studies, but it’s not well-known about 

which group of patients would benefit the most and whether the accomplished benefit 

is clinically meaningful, considering the cost and social impact of eyeglasses. 

Recently, patient health has grabbed more attention, whereby patient-based 

consequence evaluation tools has become accepted as a practical way to identify 

patient concerns and problems. Patient-based measurement tools for measuring their 

QoL is being increasingly famous, and hence, several QoL questionnaires have been 

developed. After the 1990s, QoL has been introduced as one of the most important 

indices to evaluate welfare, health, social, and rehabilitation programs. [Shams et al., 

2015] Hence, measuring QoL may help us understand the needs and decisions of 

patients and help the medical community plan how to best care for myopic patients.   

1.2 Statement of the problem 
URE is a well-established foremost cause of visual damage in children. [Dandona & 

Dandona, 2001] Despite several initiatives targeted to make eye care services more 

affordable and accessible to wide population, the acceptance and usage of eyeglasses by 

children is low.[ Qureshi MB, 2007; kyndt M, 2001] Because URE is assumed to impair 

the child’s academic performance by reducing their learning abilities, investigating the 

impact of URE on the VRQoL is important. Researchers highlight that evidence about 

various health aspects and assessment of QoL could improve management, through 

optimizing therapeutic strategies and identifying effective treatments. [(Badia et al.,1999] 

However, the impact of URE on VRQoL in children remains unexplored. [Jose & 
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Sachdeva, 2009] Due to the lack of psychometrically validated instruments to measure 

QoL related to vision in children, we are using the Student Refractive Error and 

Eyeglasses Questionnaire (SREEQ) which was developed and validated in different 

population.  The SREEQ was adapted to our population of school-aged myopic children 

in London and will be hereafter referred to as the Student Refractive Error and 

Eyeglasses Questionnaire – Revised (SREEQ-R). [Crescioni et al., 2014]  

1.3 Theoretical Framework 
The development of the conceptual framework for this SREEQ-R questionnaire 

measuring impact of VRQoL in myopic school-aged children was based on the 

recommendations that was available from the Pediatric Refractive Error Profile (PREP), 

which was intended and designed to investigate impact of refractive error and quantify 

the QoL of young subjects [Walline et al., 2007] and experts in the field of 

ophthalmology. (See Figure 1 in Chapter 2) 

1.4 Study Purpose 
To assess the SREEQ-R and determine whether instrument is suitable for evaluating the 

impact of spectacle use on the VRQoL in a sample of school-aged children with myopia 

in London.  

The objectives were created based on the availability of the data and variables from the 

data sources. Therefore, the specific aims of this study were: 

1. To evaluate the SREEQ-R dimensionality. 

2. To evaluate the person and item functioning, and response scale of the 

SREEQ-R in the population of school-aged myopic children in London. 
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3. To evaluate the SREEQ-R validity in the population of school-aged 

myopic children in London. 

4. To evaluate the SREEQ-R reliability in the population of school-aged 

myopic children in London. 

5. To evaluate SREEQ-R differential item functioning. 

1.5 Study Objectives & Hypothesis 
The objectives and hypothesis of this research were categorized in relation to each of the 

specific aims listed in section 1.4: 

Aim 1. To evaluate the dimensionality of the items 

Objective 1.1. To evaluate the dimensionality of the items by principal component 

analysis (PCA) of the standardized residuals. 

Hypothesis 1.1.1. We hypothesize that the SREEQ-R questionnaire is 

unidimensional based on evidence that: (a) we will have a cutoff of >60% of the 

raw variance explained by the first factor; (b) an eigenvalue of<3 on first contrast 

and (c) unexplained variance in first contrast < 10%. 

Aim 2. To evaluate the person and item functioning of the SREEQ-R in the 

population of school-aged myopic children in London. 

Objective 2.1. To evaluate item fit statistics 

Hypothesis 2.1.1.  a) We hypothesize that the response scores of the SREEQ-R 

items will fit the model and Infit and outfit are informed as unstandardized 

MNSQ or Z-Standard (Z-STD) scores. Infit and outfit fit reported as a MNSQ will 
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have a value close to 1.0. Values far greater than 1 (UNDERFIT) indicate - too 

much variation (noise), and values very close to 0 - too consistent/overfit. We do 

not prefer neither case. Acceptable values for rating scale is 0.6-1.4 and the 

expected outfit Z-STD value is 0 and values will be within ± 2. 

 b) we hypothesize that there will be low residual value (below 1.96), and a non-

significant likelihood-ratio goodness-of fit (GoF) chi-square statistic (χ2) which is 

conceptually similar to the item having a high item-total correlation.  

Objective 2.2. To evaluate person fit statistics 

Hypothesis 2.1.2. We hypothesize that the responses scores of the people will fit 

the model and Infit and outfit are reported as unstandardized MNSQ or Z-STD 

scores. Infit and outfit fit reported as a MNSQ will have a value close to 1.0 with 

an acceptable range of 0.6–1.4 for rating scales and the expected outfit Z-STD 

value is 0 and values will be within ± 2. 

Aim 3. To evaluate SREEQ-R validity in school-aged myopic children in London.   

Objective 3.1. To evaluate the face validity 

Hypothesis 3.1.1.  We hypothesize that the SREEQ-R has face validity based on 

the agreement of the experts that the items measure the impact of myopia on QoL.  

Objective 3.2. To evaluate the content validity using the Rasch Methods 

Hypothesis 3.2.1. We hypothesize that SREEQ-R questionnaire will have 

evidence of content validity evidence in school-aged myopic children based on 
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evidence of uniform distribution overlapping in item difficulty and person ability 

from the item-person map. 

Content validity will be assessed by:  1) a person-item map and 2) gaps between 

items (i.e., content gaps) where gas in item content is identified to be significant if 

0.5 logits or higher on the measured continuum. 

Objective 3.3. To evaluate construct validity using the Rasch Methods 

Hypothesis 3.3.1. We hypothesize that:  the SREEQ-R questionnaire has construct 

validity (unidimensional); Infit and outfit fit reported as a MNSQ (close 1.0) 

whereby items are deems to fit the Rasch model, with an acceptable range of 0.5–

1.5; and that there is evidence of cognitive data underlying the construct with the 

help of field experts.  

Aim 4. To evaluate the SREEQ-R reliability in the population of school-aged myopic 

children in London. 

Objective 4.1. To evaluate the test-retest reliability 

Hypothesis 4.1.1. The Cronbach’s alpha (for indicating internal consistency) will 

be between 0.70 to 0.95. 

Objective 4.2. To evaluate Person Separation Index (PSI) using the Rasch Methods. 

Hypothesis 4.2.1. The person and item reliability values will be greater than 0.8. 

Aim 5: To measure the SREEQ-R differential item functioning 

Objective 5.1. To test the measurement invariance of the SREEQ-R across ages and 

ethnicity, using the Differential item functioning (DIF). 
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Hypothesis 5.1.1. we hypothesize that ‘from the analysis of variance with one 

factor being the group and the other factor being different levels of the trait: ‘each 

item shares similar difficulty for two groups’’ and a measure called DIF contrast, 

(i.e difference in difficulty of the item between the two groups), must be atleast 

0.5 logits with a p value<0.05 for DIF to be significant. 

1.6 List of acronyms 
The acronyms are listed in Table 1 

 

 

Acronym Definition 

SREEQ-R Student Refractive Error and Eyeglass Questionnaire Revised 

PSI Person separation Index 

DIF Differential item functionating 

US United States 

VRQoL Vision related quality of life 

RE Refractive error 

WHO World Health Organization 

URE Uncorrected refractive error 

Table 1:Acronyms used in the report of this study using Rasch analysis to evaluate SREEQ-R 
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Chapter 2: Literature review 
Review of the literature relevant to this thesis.  

2.1 Uncorrected Refractive Error (URE) and Myopia 
Disease Definition 

URE as defined by WHO as a disorder which occurs commonly when images from the 

outside world cannot be cleared focused by the eye. This occurs due to an irregularity in 

the shape of the eye which inhibits it to focus images clearly, and vision can become 

blurred, weakened and impaired [“WHO | What is a refractive error?” 2013] URE, is also 

a major cause for vision impairment and it is seen to affect persons of all ages and ethnic 

groups. This results in millions of people becoming functionally blind leading to lost 

education and employment opportunities which in turn causes lower productivity and 

impaired QoL. [Jaggernath & Naidoo, 2012] 

URE is classified into four types: myopia, hyperopia, astigmatism, and presbyopia. 

Myopia causes distant objects to look blurry since the incoming light get focused in front 
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of the retina. [Nearsightedness: What Is Myopia, 2019] In Hyperopia, light do not get 

focused correctly, as the cornea in the front of the eye is too curved. [Nearsightedness: 

What Is Myopia, 2019] This leads to objects closer to the eye being out of focus. 

Astigmatism refers to an irregularly curved lens and can often occur with hyperopia and 

myopia. [What Is Astigmatism, 2018] Presbyopia occurs when lens loses the flexibility to 

change with aging, thus making it harder to focus on closer objects. [ “What Is 

Presbyopia?,” 2019] 

Myopia causes farer objects to appear blurry while closer ones appear clearly. With 

myopia, parallel light rays, gets focused in front of the retina after refraction by the 

cornea, lens and other centers of the optical system.[Figure A] In myopia condition the 

cornea is too steeply curved, or too long axial length of the eye, initiating the focus of 

light rays to occurs in front of the retina. In order to correct this condition, a concave 

(minus) lens is usually used. Myopia correction provides a clear image on the retina such 

that farer objects that are blurry appears clearer in focus. Myopic URE in children 

frequently increase until the child stops growing.  
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Figure 1: Diagram of eye with myopia. (Image-National Eye Institute) 

Pathophysiology and Etiology 

Causes of RE includes failure of the eye to focus light on the retina due to several 

anatomical and physiological components. [Carr & Stell, 2017] This leads to blurry 

distance vision as the light gets focused in front of the retina. This condition can also 

affect near vision whereby severe grades of myopia people would have the objects closer 

to the eye to avoid blurry vision. Myopia can be of two types: axial or refractive.Axial 

myopia is where the axial length is increased with the eye having normal refractive 

power. Refractive myopia is a case whereby eye axial length is normal, but refractive 

power is increased. [Mutti et al., 2007] There is evidences of several anatomical changes 

involved in myopic condition. 

The progression of myopia seems to be dependent on two factors: genetic and 

environmental. Forty candidate genes have been identified from genetic studies which 

participate in many pathophysiological pathways, from retinal phototransduction to axial 
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lengthening via scleral remodeling. Scleral remodeling can also be influenced and 

modified through several environmental factors. [Cassagne, Malecaze, & Soler, 2014] 

Psychological Stress theorized in 1967 by Van Alphen, also seems to limit the stretch of 

the sclera. Western diet has also been proposed as one of the environmental risk factors 

whereby raised prevalence of myopia is seen in countries adopting the same. It is 

hypothesized that western dietary patterns can lead to hyperglycemia and 

hyperinsulinemia which induces myopia. [Cordain, Eaton, Brand Miller, Lindeberg, & 

Jensen, 2002] Studies show that physical activity or any outdoor activity is also 

associated with URE seen in children, with myopes spending less significantly time 

engaged in sports, being more associated with myopia.[Mutti, Mitchell, Moeschberger, 

Jones, & Zadnik, 2002] The higher amount of outdoor time spent seems to have a 

protective effect which is medicated by the dopamine release from the retina reducing the 

eye growth [Rose et al., 2008] 

Family history of myopia is a key risk factor for the development of simple myopia. 

[WOLD, 1949; Keller, 1973; Ashton, 1985] Children with both parents having myopia 

showed a 33-60% prevalence of myopia while in those with one parent, the prevalence 

was 23-40%. [Zadnik, Satariano, Mutti, Sholtz, & Adams, 1994] Spending long hours of 

doing near work or greater time spent reading, a higher number of years of education, 

greater academic ability and occupations involving greater amount of near work are all 

positively associated with myopia. Several conditions that prevent normal ocular image 

formation such as: corneal opacity, retrolental fibroplasia associated with retinopathy of 

prematurity, eyelid hemangiomas, neonatal eyelid closure, and vitreous hemorrhage 

among many others often results in myopia. It is currently believed that the risk factors 
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for myopia are sleeping in illuminated rooms until the age of 2 years, a high level of 

education, having a high intelligence quotient (IQ), infrequent outdoor activity, and 

passive exposure to cigarette smoke. [Czepita, Mojsa, Ustianowska, Czepita, & 

Lachowicz, 2011; Morgan, Ohno-Matsui, & Saw, 2012] 

Epidemiology 

Significant vision impairment (VI) affecting distance vision due to URE has impacted 

more than 123 million people whereby at least eight million people were affected with 

blindness. [Pascolini & Mariotti, 2012] URE is the leading cause of VI worldwide, with 

53% of VI resulting from URE. [Bourne et al., 2013] URE prevalence in industrialized 

countries ranges from 6% to 72%. [Bourne et al., 2013] There has been a sharp increase 

in the prevalence of myopia worldwide - it now affects 30-50% of adults in Europe, 

America, Australia and Asia.[Holden et al., 2016] In Europe, there has been an increase 

in myopia prevalence from 17.8% in those born between 1910 and 1939 to 23.5% in 

those born between 1940 and 1979 – approximately a quarter of young adults in Europe 

now have myopia. [Williams et al., 2015] 

Based on global estimates, it is believed that by the year 2020 around 2.5 billion people 

(i.e., 1/3 of the world’s population) will have developed myopia. [World Health 

Organization: WHO, 2019] It is estimated that it will have progressed to “high myopia” 

(recently defined by the WHO as -5.00DS or greater 8). High myopia carries a lifetime 

risk of conditions such as retinal detachment, choroidal neovascular membrane 

formation/myopic maculopathy, and glaucoma whereby vision can be impaired. [Holden 

et al., 2016] [Williams et al., 2015] 
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In the US, myopia typically displays in school-aged children [Schapero & Hirsch, 1952] 

and the severity increases over the childhood, whereby its reported that 20 -50 % of 

adults in the US and Europe being affected.[Pan, Ramamurthy, & Saw, 2011] While in 

Asian countries, the prevalences are expected to be more with some studies pointing to  

90% of high school children being myopic, especially in the urban settings. [Pan, 

Ramamurthy, & Saw, 2011; Lin, Shih, Hsiao, & Chen, 2004] The prevalence among 

school children aged 5–18 years varies from 1.2–35.1% depending on the country and 

environment. [Czepita, 2014]. Onset and progression of myopia occur in childhood and 

adolescence. In Barcelona, Spain, 13% of 7-10-year old’s wear glasses; [Dadvand et al., 

2017] in this age group, glasses are more commonly required for myopia than for another 

UREs. In Poland, 8.4% of children age 8 years have myopia, increasing to 18.3% in 15-

year old’s, [Czepita, Żejmo, & Mojsa, 2006] and in the United Kingdom, the prevalence 

of myopia increases from 10%-15% at age 6-13 years to 15% -45% at the age of 13-18 

years. [McCullough, O’Donoghue, & Saunders, 2016; Guggenheim et al., 2012]. 

Studies which are population-based surveys, have shown that the prevalence of URE in 

5-15 years could not be defined clearly. Several variations such as rural and urban 

locations, geographic regions, and ethinicities. [Ellwein,2002] URE if not noticed in 

children may progress into behavioral difficulties or lag in their education and social 

functioning. [Rose et al., 2008] Myopia commonly manifests in adolescence and not only 

affects School performance but also, sports involvement and also social interaction. 

Factors that lead to myopia progression from childhood is still unknown. 
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The only window of opportunity for myopia interventions is in childhood and 

adolescence (i.e. during the period of eye growth). In most cases, eye growth and myopia 

progression slowdown in early adulthood; high myopia, however, can progress well into 

adulthood.[Tideman et al., 2018] Progression rates are faster in younger 

children.[McCullough, O’Donoghue, & Saunders, 2016; French, Morgan, Mitchell, & 

Rose, 2013] Mean progression is also faster in Chinese (-0.6D per year or more) 18 than 

in Australian (-0.41 in younger and -0.31D in older children) and Caucasian children 

(UK: -0.18 in younger and -0.09 D in older children). [McCullough, O’Donoghue, & 

Saunders, 2016]. For children in Europe, recent eye growth charts demonstrate that in 

myopes, axial length may increase well into the third decade of life. [Guggenheim et al., 

2012] 

 

 

Assessment and Current Treatments  

Since many patients with myopia have difficulty seeing clearly and experience 

discomfort in daily activities, a throughout history will help in noting previous vision 

symptoms. Specific symptoms might not be seen, as changes in vision happens gradually. 

Some related complaints are associated with specific tasks and symptoms such as red , 

itchy and watery eyes. As reported by parents, children routinely report symptoms such 

as squinting or eye rubbing when watching any close screens. While only behavioral 

problems or any learning difficulties may be present in school aged children. [Rose et al., 

2008].  



23 
 

Evaluation and diagnosis of URE is done by the optometrists through the specialized eye 

examination. Testing for both near and distance vision in each eye separately is the 

easiest and commonly used method of assessment. A visual acuity test worse than 6/9 in 

children or 6/12 in adults indicates a referral for optometric examination. Pediatric 

ophthalmologist or optometrist is usually refereed to access and treat younger children. 

There are limited evidence-based guidelines for the management of myopia in children 

and all suggests early diagnosis and treatment [Leat, 2011] There exists no consensus in 

evidences on the best age to test for vision in children. A large randomized crossover 

study (n=1052) of children reported that photo screening was the most effective tool for 

young children with vision conditions. [Salcido, Bradley, & Donahue, 2005] Once 

diagnosis in child is confirmed, correction of the URE is done by optometrists and 

routine eye examination is required every 2 years and in more high-risk cases annually. 

The most common, safest, simplest and cost-effective method of correcting RE is using 

eyeglasses. In developed countries, two third of RE cases are corrected by use of 

eyeglasses while in poor economic backgrounds spectacles may be inaccessible or 

unaffordable for most of the people, [Gilbert & Muhit, 2008] in addition to lack of 

appropriately trained staff. [Resnikoff, 2008] One major hurdle seen with the use of 

correct and cosmetically acceptable spectacles in school children was adherence to its 

regular use. [Wedner et al., 2008] 

Pharmacological agents have also been used in the management of myopia. Two 

randomized controlled trials conducted in Taiwan demonstrated that administrating 

atropine could slow down progression of myopia along with using appropriate right 

correction spectacles.[Lee et al., 2006] There exists some surgical techniques such as 
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Laser in situ keratomileusis (LASIK), photo-refractive keratectomy (PRK) and laser 

epithelial keratomileusis (LASEK) which are popularly increasing. Severe cases of 

myopia are subjected to advanced surgical procedures; implants insertion after clear lens 

extraction (refractive lens exchange). 

Corrective contact lenses are also used by a minority of the population with Res. More 

modern lenses such as gas-permeable ones have overtaken the old fashioned non-

permeable hard lenses, and these have slowed the progression of myopia along with 

providing relief from myopic symptoms. Large percentage of myopic wear soft contact 

lens made of silicone hydrogel. There also exists some risks of using contact lens such as 

corneal ulceration, specific infections such as acanthamoeba and a higher risk of invasive 

corneal vascularization. 

Why REs remains uncorrected? 

Non-correction of UREs especially in the younger population of 5-15 years could be due 

to several factors, while the most important ones are lack of screening and the availability 

of affordable refractive correction eyeglasses. Studies and surveys from countries 

whereby routine screening and easy affordable correction techniques exists show that 

compliance is still low and cultural hurdles also play a significant role. [Preslan & Novak, 

1998; Khandekar, Gogri, & Al-Harby, 2018] A study by Vitale et al. showed that rich 

economically stable countries also have high rate of undetected or uncorrected REs in 

children.[Vitale, 2009] Better medical services access also shows differences in 

prevalence of visual impairment from UREs especially in younger age groups of 5-15 

years between urban and rural areas.[Resnikoff, 2008] The possible explanation for this 

higher prevalence’s in developed society could be attributed to higher education and 



25 
 

literacy levels among the population leading to a direct cause-effect relation with myopia 

[Resnikoff, 2008] 

Vision related QoL (VRQoL) 

As noted earlier in the chapter, being a primary cause of visual impairment and blindness, 

myopia is an urgent global public health condition. [Saw, Gazzard, Shih-Yen, & Chua, 

2005] Its worldwide social and economic impact is considerate and also has educational 

consequences. [S.-M. Saw, Katz, Schein, Chew, & Chan, 1996]. National Health and 

Nutrition Examination Survey (NHANES) conducted in US reports the annual direct cost 

of correcting distance vision impairment due to RE is between $3.9 and $7.2 US billion 

dollars. [ Vitale, 2009]. Apart from the financial burden individually and to the society, 

myopia also affects QoL and personal development. URE affects person's vision related 

QoL and makes it difficult to carry out routine daily activities. [Pan, Ramamurthy, & 

Saw, 2011]. A 2002 study conducted by Aimee et al. evaluated the self-reported impact 

of visual impairment on VRQoL in a Mexican American population concluded that visual 

acuity impairment was significantly associated with a decrease in all measured domains 

of self-reported, vision related QoL. The data suggested that self-reported decreases in 

QoL and mental health were present even with modest visual loss in adults aged 40 years 

or more. [Broman et al., 2002] 

School-age children are a predominantly susceptible group in whom UREs may have a 

high impact with impaired learning capability and educational potential. [Jose & 

Sachdeva, 2009]. Children require greater attention to UREs since they are the high-risk 

groups for myopia, hypermetropia and astigmatism. The school going years are formative 

for children as this is when their physical, intellectual and behavioral development 
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occurs. The ultimate molding of a person’s personality and intellectual potential depends 

on quality of eyesight. Poor school performance and negative influence on child’s 

development can be attributed to impaired vision due to myopia.[Jose & Sachdeva, 2009] 

A study of Singaporean adolescents confirmed this by showing significantly lower scores 

with vision impairment in total QoL (p = 0.03), psychosocial (p = 0.03) and school 

functioning (p = 0.02).[Wong, Machin, Tan, Wong, & Saw, 2009] Another study in china 

indicated that correction of UREs using spectacles evidently improved educational 

outcomes in lower socioeconomic areas, whereby black board is the main media for 

instruction.[Ma et al., 2014] 

A focus group study conducted in 2015 by Sheela et al. among school children with URE 

looked at the current perception and behavior of the students identified several themes. 

One of the major themes were psychological, social and vision-related activity limitation. 

Students reported limitations in activities such as difficulty in reading distant things on 

the blackboard and taking notes while some other indicated hesitation to participate in 

cocurricular activities and academic competitions. Children with URE acknowledged that 

their academic performance was below satisfactory due to the vision-related problems. 

Difficulty in doing schoolwork, reading for long periods, and use of computers, or doing 

any other hobbies like drawing and painting were reported by children. They also 

mentioned limited participation in playing outdoor games. Some examples of hinderance 

in playing games such as difficulty while aiming during caroms (i.e., a board game that 

requires hand-eye coordination) or focusing and tracking ball in ball games were stated 

while not wearing spectacles. This impacted children by self-isolation from games and 

group activities involving other children in the society with the fear of embarrassment. 
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Disbelief regarding these symptoms of eyes eight was reported by children with myopia 

when they expressed it with their parents. [Zadnik et al., 2015] Sleep quality in children 

was also significantly correlated with myopic error. [Ayaki, Torii, Tsubota, & Negishi, 

2016] 

The importance of patient reported QoL measurements is now recognized, and 

accordingly, numerous QoL instruments have been developed. Therefore, in recent 

decade this led to increase in studies based on patient views evaluating the QoL related to 

URE and vision performance. [McDonnell et al., 2003] QoL is recognized as one of the 

chief indices to evaluate health, welfare, social, and rehabilitation programs in recent 

decades. [Shams, Mobaraki, Kamali, & Jafarzadehpour, 2015] Hence, measuring vision 

related QoL may help us understand the needs of myopic subjects. Understanding how a 

child feels about himself and the symptoms are essential for a pediatric health care 

professional. Health related QoL assessment are recently emphasized and endorsed 

enormously by researchers as it provides valued information about various facets of the 

child’s health. This information is cardinally used optimize therapeutic strategies and 

identify effective treatment plans which in turn improves clinical management and 

outcomes. [Kumaran, Balasubramaniam, Kumar, & Ramani, 2015] 

2.2 Clinical Outcome Assessments (COA) 
COAs are instruments that “measures a patient’s symptoms, overall mental state, or the 

effects of a disease on how the patient functions”. A COA tool can be used to measure 

how a patient feel or function in a certain disease condition directly or indirectly and 

determine whether treatment demonstrate any benefit. COAs can also be used to 

determine any adverse effects or additional safety concerns regarding a treatment option. 
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The COA is designed such that there is a standard data collection format, clear elaborate 

stepwise instructions for administration, methods with well-documented scoring 

techniques and analyses that could be interpreted for results in a specific patient 

population. [Testa & Simonson, 2009] 

Performance-based Outcomes Measures 

Performance-based outcome measurement is used when a person’s ability in a given 

condition needs to be measured, patient performs a set of tasks to measure his/her 

functionality.[Erickson, 2020] 

Observer-reported Outcome Measures (ObsRO) 

ObsRO assessments are taken by an individual who do not have any professional 

experience or any background that is relevant to the condition or treatment being 

measured.(observer) ObsROs are used in situations when self-reporting by the patient is 

not possible. An ObsRO is potentially used in cases whereby reporting of any directly 

observed constructs is required but cannot directly assess those symptoms (ex: pain 

which is an unobservable concepts) [European Patients’ Academy, 2016] 

Clinician-reported Outcome Measures, ClinRO 

These kinds of measurements are done by a professional who is trained and recognized to 

conduct such assessments being an observer. As ObsROs, these assessments used to 

access any indirect symptoms (e.g., pain, dizziness, nausea, fatigue) or other 

unobservable concepts. The professional or clinical judgements from these measurements 

can be used for an assessment and interpretation of the patient’s condition [Powers et al., 

2017] 
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Patient-reported Outcome Measures, PRO 

PRO assessments are perception of one’s own health status directly reported by patient 

and can also include any aspects of functional or emotional ability. There is no 

involvement of any direct interpretation of patient’s response from an external observer 

or clinical in this case. The patient measurements are directly recorded, and it is exactly 

recorded as communicated by an interviewer. [National Quality Forum, 2012] 

Importance of assessing Patient-reported Outcome Measures (PROMs) 

As PRO measures are ones which are direct self-reported by the patient without 

interpretation from an external observer or a clinical expert, and measures treatment 

benefit or risk. These types of measures that captures such information is patient reported 

outcome measures (PROMs). [Black, 2013 Patient-Reported Outcome Measures, 2019] 

These could be patient questionnaires administered through paper or elctronically, that 

must be validated in the target population. PROMs measures treatment benefit or risk or 

perceptions of health status which are known as outcomes ex: severity of symptoms , or 

symptom change (improvement /worsening). Health related QoL is a multidimensional 

concept whereby patient self-reporting physical, emotional, and social well-being 

affected by a disease or its treatment is assessed through PROMs. [Weldring & Smith, 

2013] 

PROMs are widely used as a primary outcome in clinical effectiveness research.  

[Azuara-Blanco et al., 2011] PROMs usually form part of the secondary outcomes, along 

with a familiar and standard clinical primary outcome. In some areas of medicine or 

disease conditions, PRO measurements are cardinal and used a primary outcome in 
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several trials. Apart from being used in clinical effectiveness studies,  PRO plays an 

important role in reimbursement and policy decisions.[Snyder, Jensen, Segal, & Wu, 

2013; Rivera et al., 2019] PROs are key to inform health-care decisions whereby two 

interventions need to be differentiated with similar benefits or a trade-off is required for 

benefit-harm profile. 

In ophthalmic research, PROMs are developed as routine methods of clinical 

measurements or lab tests does not fully explain the impact and extent of vision 

impairment and its effects on a patient’s life. Thus PROMs were developed and used to 

assess visual function and its subsequent effect on daily activities. [Denniston, Kyte, 

Calvert, & Burr, 2014] 

2.3 Psychometric Methods 
Psychometrics is a concentration whereby we study theory and techniques of 

psychological measurement, such as knowledge, abilities, attitudes, and personality traits. 

[Drogin, Dattilio, Sadoff, & Gutheil, 2011] It is primarily concerned with differences 

seen between individuals and majorly divided into two areas: (i) the creation of 

instruments and procedures for measurement; and (ii) the development and improvement 

of theoretical approaches to measurement. The following sections shows the various 

theories and common methods that are used to assess a measure.  

Key measurement Theories 

Classical Test Theory, CTT 

CTT, referred as true score theory, is where a measurement is made of true score(T) and 

error (E) which it is free off. A person’s expected score when a measurement/scale is 
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independently administrated infinitely. It is assumed that since scale users can never truly 

observe the true score, only an observed score (X) is obtained which is a sum of T plus 

some E. [Traub, 2005] 

True scores are values obtained from a measurement scale which are quantifying an 

attribute of interest known as the latent trait. Latent trait could be an underlying concept, 

construct or an ability that is being measured. As response rate to these items 

representing the same concept increases the values of the true score also increases, if item 

responses are coded so that higher responses reflect greater concept. Random errors (i.e., 

on the same individual which is recorded are also normally distributed thus the expected 

value of such randomness is assumed to be zero and negligible. [Traub, 2005] 

Reliability 

Reliability is an important consideration for any PRO tool and hence must be taken into 

consideration in its development. However, it is to be noted that the vice versa is not true; 

if responses are consistent does not imply validity. [Cappelleri & Bushmakin, 2014]. 

Reliability is a necessary and critical property for a scale during its early development 

and scores must be reliable for an PRO instrument. [Kimberlin & Winterstein, 2008] 

Reliability overall looks at the reproducibility. Three kinds are : over time (test-retest 

reliability), across items (internal consistency), and across different researchers (inter-

rater reliability. Reproducibility of scale scores when the scale is administered over a 

period of time and the latent trait underlying has not changed is well indicated by test-

retest reliability. This type of reliability must be established for both one item scales and 

multiple item scales and is calculated by the kappa statistic for categorical responses and 
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the intraclass correlation coefficient for constant answers (or assumed to be continuous). 

Reliability increases with the number of items in a scale. Cronbach’s coefficient alpha is 

the most commonly used indicators of scale reliability in multi-item scales which is 

dependent on two factors: how many items does scale have and its correlations. High 

level of reliability and appropriate correlation is established by values higher than 

0.70.[Nunnally J C 1979; Takegata et al., 2017] 

Reliability is defined as shared or common variances of the items related to a latent trait 

as proportion of total variance. As the number of items sharing the latent trait increases, 

the higher is variance shared and thus leads to uniform measurement of latent trait with a 

common true score. Coefficient alpha used as a measure of reliability is covariance-based 

formula. [Crocker & Algina, 1986] 

Validity 

Validity refers to whether a measurement is what’s its intended to measure, and right 

target population is essential to establish validity. Validity of an  instrument is of 

different kinds such as face validity and content validity (concept/domain of interest). 

[Crocker & Algina, 1986] 

Validation strategies include: 

• Content-related:  Validity pertaining to the content of an instrument is dependent 

on the concepts being measured, intended population and its use. It looks at the 

evidence that the idea of interest is being measured by ensuring all items are 

suitable and comprehensive for the purpose. An instrument can have reliability or 
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other kind of measurement properties but does not replace content validity or 

rectify it. [Patrick et al., 2011] 

• Construct-related: this kind of validity looks for evidences between  items and 

concepts based on a hypothesis established by the underlying trait. Ensures that 

the measures and items responses are having logical relationships between each 

other and also the demographics of the people filling the instrument.[Campbell & 

Fiske, 1959] and 

• Criterion-related validity: This is useful when investigating validity of a newly 

developed instrument whereby gold standard measures already exists. Criterion 

measures the degree to which an instrument scores are  these scores are connected 

to pre-existing standards which define the same concept. When an existing 

criterion does not exist for the concept being measured, such as in many cases, it’s 

not possible to do a criterion validity testing for a PRO. [(American Educational 

Research Association et al., 1985)] It is vital to note that validity of an instrument 

must be established  each time an instrument is administered in different 

environment such as languages or ethnic groups or cultural backgrounds and 

populations than the one originally developed. PROs used in general for clinical 

purpose such as RCTs usually have established validity in those trial patients 

while the same PRO measure needs to be re-validated in other populations or 

studies. [Kimberlin & Winterstein, 2008] 

Item Response Theory, IRT 

IRT underlies several models used for measurement looking at scale and observed item 

and its association to an underlying latent trait. These IRT based models are founded on 
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mathematical equations which are scientifically tested to relate between subjects’ levels 

on a latent variable and item response probability, is described by a non-linear monotonic 

function. [Embretson & Steven Paul Reise, 2000] It is critical just like in CTT, each item 

being tested with IRT techniques must be distinct from each other but also consistent and 

similar such that all items reflect the underlying trait or construct. Instead of proportions, 

IRT models have logic measures and models which access the difficulty of an item and 

person ability in logit measures.  

Various IRT models exist based on parameters: one, two and three-parameter models and 

based on dichotomous only or polytomous items of the instrument. In simple cases such 

as one parameter model, there exists only one parameter- severity or difficulty of item 

responses that is evaluated. In binary item, severity or difficulty indicates the level of 

underlying trait at which the person answering the question had a 50% chance of 

endorsement of this binary(dichotomous) item. For a polytomous item, severity or 

difficulty can represent several values of different meaning for each item based on what 

model is used. Several IRT models are used for PRO measures and includes: graded 

response model, generalized partial credit model, and rating scale model. Each model has 

their own assumptions and parameters for the data to fit into.IRT models compared to 

CTT methods have added potential advantages in assessing self-reported health 

outcomes.  

Rasch Measurement Theory 

IRT is based on a basic hypothesis that how a participant responds to an item is 

dependent on the characteristic of the item and also ability of the participant and the item-

person interaction. This mathematical approach for quantifying latent traits has several 
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models and assumptions based on the type of data and trait being collected. Under IRT, 

Rasch model is one whereby while evaluating items, involves essentially difficulty as a 

primary interest. Developed by a mathematician called Georg Rasch in 1950s it was 

initially used to test school children for their achievements. Rasch model is commonly 

used in educational assessment, and social sciences research, which depend profoundly 

PROs. 

Among the various ITR techniques and approaches, Rasch is the one-parameter model 

most commonly used. [Reise & Waller, 2009; Rocha et al., 2012; Tennant et al., 2004]. 

In this model, all items have same the discrimination parameter is fixed at 1 and only 

difficulty parameter differs - one parameter model[Kim & Baker, 2018]. When the data 

fits the Rasch model, its assumed that the estimated underlying latent trait is interval 

scaled. In comparison to CTT, IRT evaluates the performance of each item included in a 

questionnaire rather than focusing on the total score achieved. In case of binary 

dichotomous cases, probability of someone endorsing an item depends on the difficulty 

of the item and ability of the responder. It is based on the foundation that in Rasch, the 

easy the items, the higher is the probability that a responder will correctly answer and 

vice versa whereby more harder items , lower probability of answering them correctly. 

This item fit and person ability is measured using a statistics called fit statistics which 

looks closely at comparing between what is expected and what is observed from the 

questionnaire responses through this established probabilistic relationship.[Andrich, D. 

1988] Theses statistics are reported in the from of chi-square and fit residuals known as 

INFIT and OUTFIT residuals. As mentioned earlier they look at discrepancies between 

what is observed and what is expected for each person responses and item. Set standards 
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exist for Rasch INFIT and OUTFIT statistics and also chi-squares which enables us to 

identify any misfitting items and persons and also help in diagnosing any issues causing 

them. Acceptable values ranging from -2 to + 2 for INIFT and OUTFIT and p-value for 

chi-square being >0.05. 

Why Should Rasch Analysis Be Used? 

Clinical trials are increasingly using these PRO instruments to access for scores from the 

questionnaires and use Rasch analysis techniques to enable interval level scoring which 

in turn help in running parametric statistics. [Svensson et al., 2001].Using Rasch analysis, 

its possible to convert the ordinal scores obtained from a questionnaire into an interval 

level when the data fits the model assumptions. Rasch analysis is a powerful tool that is 

used to ensure validity and reliability of a newly developed instrument in a population 

and also an approach to validate the transformation of ordinal to interval scaling. 

Appropriateness of category ordering and also interval-level scaling can be obtained. DIF 

analysis which is a critical part of Rasch helps us to look for any differences in responses 

based on demographics character tics or bias exist for an item among subgroups. 

When Should Rasch Analysis Be Used? 

Rasch analysis is used to in development of new instrument and to establish its validity 

and reliability including construct validity in the population its been tested. It also helps 

to get an overall sum score for a questionnaire of multiple items and response scales with 

multiple subscales and dimensions. Based on items that fit and persons that fit the Rasch 

model, its possible to rewrite the items or remove misfitting items and persons to refine 

an instrument.[Gilworth et al., 2004] Items in the final questionnaire would the one which 
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are unidimensional measuring a single construct, free of DIF and also well fitting to all 

the other assumptions of Rasch [Smith, 2000]. Existing scales and other psychometric 

properties of a questionnaire can also be reviewed and refined using same Rasch 

techniques. If response scales does not seems to be fitting or working properly for a set of 

items and persons, it can be broken down to few options or reworded to better express the 

responses to the items.[Tennant et al., 2004]. Rasch analysis gives extremely abundant 

information on the items based on the fit statistics and their properties such as 

unidimentionality. If any redundant items measuring the same construct or a different 

construct, it can be removed or moved to another section. This enable us to build an item 

bank in cases like computer adaptive testing  [Pallant JF,2006]. Having a single logit 

measure scale and all items on this continuum helps us to construct these item bank and 

also predict difficult of each which was already established using the calibrated item 

`banks. It is possible to use computer algorithms to present items to patients in such a 

way that their level on the construct to be measured can be determined by just a few 

questions. This is called computer adaptive testing [Gershon RC,2005]. With the data 

fitting the model, ordinal scales are converted into interval level scoring and thus change 

or difference in scores between patients can be calculated and several other parametric 

testing can be run on these logit based-measures which increases the accuracy of results. 

 

 

 Differential Item Functioning, DIF 
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It’s usually a practice to code items such that higher total score would mean higher of the 

latent trait we are measuring in outcomes research and DIF is said to occur when same 

item Reponses or behavior changes between respondents based on other factors than the 

latent trait measuring. Items are verified to be independent on their demographic 

characteristics or other external factors between subgroups. If the probability of 

endorsement is not uniform between two subgroups classified based on  a certain 

characteristic, then DIF is said to be present or when the item is more discriminating for 

one subgroup than the other. Ensuring DIF is not present, also confirms one of the 

fundamental assumptions of IRT which states that unidimentionality of the instrument 

and that it measuring a single construct. [Angoff WH,1982]. If significant DIF is present, 

then it suggests that items are measuring more than one construct which it was intended 

to measure, and it creates noise which might not be relevant to the intended construct. 

IRT techniques can be used to asses DIF and various ways to construct statistical tests. 

Graphical representation of DIF exists whereby the plots help to evaluate each item and 

whether DIF has any potential effect  both at item level and overall test level.[Orlando & 

Marshall, 2002].If any DIF is detected then it must be addressed appropriately and how 

the effect of this DIF on measurement must be evaluated. One way of approach is to 

make modification by removing items which show significant DIF or either rewording it 

such that they all measure a single construct. [Orlando & Marshall, 2002]. This handling 

of DIF is critical to make sure that overall sum test scores have same meaning among all 

persons responding to that instrument. In case of any subgroups where DIF is noticeable 

then item parameters for those subgroups must be estimated separately. Assessing how 

much DIF changes  the overall sum scores for a particular subgroup is also essential to 
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look at.[Roznowski M,1999]. One indication of DIF is also the fact that there could be a 

possible second dimension and it is important to look for unidimentionality in this case. 

Item content could also be an issue which might cause DIF to be seen. 

2.4 Existing VRQoL instruments  
The major rationale behind this study was to ensure a reliable valid questionnaire to 

measure quality of life related to vision in children since there is a lack of such 

instruments targeting this area. Especially in condition such as myopia, children’s daily 

activities are health related quality of life is extensively affected. Sime of the literature 

search does have several instruments which are aimed at VRQoL in a variety of RE 

conditions and situation. 

2.4.1 The Children's Visual Function Questionnaire (CVFQ) 

Aimed at infants and young children upto 7 years old, this CVFQ is a VRQoL that is 

usually filled by parents of the children. This questionnaire also has several age-specific 

versions whereby younger children of less than 3 years has 34 items and older children of 

3-7 years has 39 items which are more age-targeted questions. [Felius et al., 2004] This 

instrument also has 4 subscales all pertaining to QoL: Competence, Personality, Family 

Impact, and Treatment Difficulty. CVFQ is a questionnaire that is completed by parents 

of children with vision problems and the items are widely developed to asses not just 

daily tasks but also child’s development, personality, social behavior and also attitude 

towards any treatment.[Felius et al., 2004] Rasch analysis of this questionnaire showed 

that all items were well distributed and had good psychometric properties. This CVFQ 

was more sensitive towards moderate to severe vision impairment children’s and affected 

their QoL. [Felius et al., 2004] CVFQ does not serve the purpose to be sued in myopia 
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since it’s been targeted developed and tested for noncorrect able visual impairment, 

[Cochrane et al., 2011; Gothwal et al., 2013] 

There exists so far 4 different questionnaires validated to be used in evaluating VRQoL in 

specific to RE: the National Eye Institute RE QoL Instrument (NEI-RQL-42),[ Hays et 

al., 2003] the Refractive Status and Vision Profile Survey (RSVP),[Vitale et al., 2000] the 

Quality of Vision questionnaire,[McAlinden et al., 2010] and the QoL Impact of 

Refractive Correction (QIRC) questionnaire.[Pesudovs et al., 2004] 

2.4.2 National Eye Institute RE QoL Instrument (NEI-RQL-42) 

The NEI-RQL-42 is a commonly used questionnaire that seeks to measure RE-related 

QoL in cases whereby RE correction patients still experience issues related to their vision 

and well-being.[Hays et al., 2003] The scored questionnaire consists of 42 items across 

13 subscales. There are multiple response options for some subscales, such as the “Near 

vision” subscale. [McAlinden et al., 2012] A scoring system was developed for NEI-

RQL-42 where by 0-100% scale was ruled and the raw scores calculated was recoded 

using the standard ruler and it was such that better QoL is established by higher scores. 

There also exists subscales for this questionnaire where by items in the subscales are 

ranked for their responses and average of these forms the subscales. Studies revealed 

serious psychometric deficiencies with the NEI-RQL-42 QoL questionnaire, including 

response categories not performing as expected, questions that did not fit with the trait 

represented by a subscale, and poor precision. [McAlinden et al., 2012] Hence it was not 

suitable for use in myopia in children. 
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2.4.3. Refractive Status and Vision Profile Survey (RSVP) 

RSVP, is a questionnaire specifically designed to measure self-reported functioning, 

symptoms, health perceptions, and expectations in individuals with RE. Consists of 45 

questions used to calculate 8 subscale scores which are rescaled to a 100-point scale. 

Higher subscale scores indicate worse constructs. The subscales include concern, 

expectations, physical and social functioning, symptoms, driving, optical problems, glare 

and problems with corrective lenses. [Nichols, 2003] The Cronbach's alpha of the 

individual subscales, measuring internal consistency, ranged from 0.70 to 0.93. The 

RSVP and its subscales have been shown to be highly responsive to the intervention of 

refractive surgery and change in satisfaction with vision postoperatively. [Schein et al., 

2000] 

2.4.4. The Quality of Vision (QoV) Questionnaire 

The QoV Questionnaire consists of a Rasch-tested, linear-scaled, 30-item instrument on 

three scales providing a QoV score in terms of symptom frequency, severity, and 

bothersomeness. It is suitable for measuring QoV in patients with all types of refractive 

correction, eye surgery, and eye disease that cause QoV problems. QoV is a subjective 

entity based on an individual's unique perception of his or her vision. This perception is 

multifactorial, consisting not only of visual factors but also of psychological factors. 

Rasch analysis demonstrated good precision, reliability, and internal consistency for all 

three scales of QoV. [McAlinden et al., 2010] 

2.4.5. QoL Impact of Refractive Correction (QIRC) questionnaire 

QIRC is a 20-item questionnaire reporting a single-valued score of QOL in the refractive 

corrected. This instrument has several advantages over existing instruments: developed 

on equal numbers of subjects corrected by spectacles, contact lenses, and refractive 



42 
 

surgery; proven with Rasch analysis that all the items measure a single content area; and 

scaled using Rasch analysis to be a true linear measurement of QOL. The questionnaire 

was targeted at adults requiring refractive correction who did not have other ophthalmic 

problems but confined to the prepresbyopic population because the majority of contact 

lens and refractive surgery patients are prepresbyopes, and presbyopes are likely to 

encounter different issues than prepresbyopes related to the use of reading glasses, 

bifocals, and varifocals and the much higher prevalence of ocular disease. Limitations of 

QIRC include that it has only been developed for the prepresbyopic population. 

[Pesudovs et al., 2004] 

2.5 Gaps in current research   
In assessing the suitability of a patient-reported outcome measure, for URE/myopia a 

major point to consider is whether the study is best served by a generic instrument, a 

vision-specific instrument, or a condition-specific instrument (if available). Generic 

instruments, such as the Short Form-36, assess broad aspects of QoL and health status. 

Vision-specific instruments, such as the NEI VQL-42, are focused on aspects of RE-

related QoL experienced by ophthalmic patients. However, most of these instruments do 

not have psychometric validity and reliability evidence for use in school age children 

who have URE.   

URE affects a large percentage of the population and evidences suggest that failure to 

address RE in childhood has lasting consequences, and that the large untreated adult 

population imposes a significant burden on society. Although RE specific instruments are 

available, they were primarily developed for adults to measure the VRQoL after 

refractive correction and to compare the QoL of those with different types of refractive 



43 
 

correction (spectacles, contact lens, and refractive surgery).To the best of our knowledge, 

SREEQ-R is the only child specific VR-QoL instrument developed by modification of 

PREP (Pediatric RE Profile) to measure the benefit of spectacle correction on VR-QoL of 

school-aged children who have previously worn glasses and who are currently wearing 

glasses.[Crescioni et al., 2014] However, most of the items in the instrument target those 

with spectacle prescription for astigmatism, myopia, hyperopia or anisometropia.  

PROs are an integral part of modern ophthalmology and are now finding their place in 

both clinical trials and in routine clinical practice. It should however be recognized that 

the measures that evaluate these outcomes (PROMs) are complex and need to be utilized 

and interpreted with care. [Denniston et al., 2014] Guidance from international consortia 

is directed towards improving the quality of PROMs, assisting researchers in the 

selection of suitable instruments and helping them collect, analyze, and publish the 

results in an accurate and meaningful way. [Denniston et al., 2014] This focus of PROs 

has the potential to inform care, encourage shared decision-making, and help deliver a 

patient-centered approach to clinical practice. Hence there is a need to gather additional 

reliability and validity evidence when the SREEQ-R questionnaire is used in different 

population or in a different disease state or who live in a different culture (different 

country). [Frost et al., 2007] 

2.6 Background on SREEQ 
The goal of  SREEQ is investigating the effect of eyeglasses on VRQoL in school-aged 

children using the survey responses. The SREEQ measures the impact of using spectacles 

on children VRQoL and the study was conducted in a sample of middle school and high 
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school Native American students who were dominantly astigmatic. [Crescioni et al., 

2014] 

Development of questionnaire 

Development of the SREEQ was based on PREP questionnaire’s framework. [WALLINE 

et al., 2006] This PREP questionnaire had 10 subscales and 26 statements of two 

scenarios: “When I wear my eyeglasses’’ and ‘‘When I wear my contact lenses’’. 

‘‘contact lenses’’ was replaced with ‘‘glasses’’ in 15 of the statements from the PREP, 

and 12 newly formed statements added to address any gaps in areas and ensure relevant 

questions that matches our target population of astigmatic. Overall Likert-scaled 

instrument with 38-item was formed. 15 statements(part A) related to student perceptions 

on perspectives to  uncorrected vision and 23 statements(Part B) on student perceptions 

to corrected vision with spectacle usage and also VRQoL. Part A had a four-point scales 

of(‘‘All of the time,’’ ‘‘Most of the time,’’ ‘‘Some of the time,’’ and ‘‘None of the time’’ 

and part B had ‘‘Very much,’’ ‘‘Somewhat,’’ ‘‘A little bit,’’ and ‘‘Not at all’’).[Crescioni 

et al., 2014] 

Study population 

Students recruited into the SREEQ study were from the Tohono O’odham Reservation or 

belonged to language and culture. The study was conducted from 2010-2011 and children 

were in 6th-12th grade. For this longitudinal study, subjects were selected based on their 

spectacle prescription  of  either astigmatism, Q1.00 diopters [D] in either eye; myopia, 

Q1.00 D on any meridian, in either eye; hyperopia, Q2.50 D on any meridian, in either 

eye; anisometropia, Q1.50 D) upon eye examination. Furthermore, students on presenting 
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for an eye examination, were asked about the use of eyeglasses. Those who reported any 

previous history of wearing eyeglasses (maybe broken or lost now) or currently wear 

glasses were only included. [Crescioni et al., 2014] 

Overall Rasch analysis of this SREEQ questionnaire led to modification into SREEQ-R 

version which has a better functionality. SREEQ-R is a shorter version of SREEQ, and it 

has all modifications such as using a three-point scale and had10 statements that are 

repeated in parts A and B. This SREEQ-R is expected to be an improved version whereby 

it can be reliable and a feasible instrument to evaluate VRQoL in children. 

2.7 Theoretical framework 
The development of the conceptual framework for this SREEQ-R questionnaire 

measuring impact of vision related QoL in myopic school-aged children was based on the 

recommendations that was available from the Pediatric RE Profile (PREP), designed to 

quantify the QoL of young subjects who are affected only by RE [Walline et al., 2007]. 

This questionnaire development and validation which was done in children and teen 

using contact lens, was used as a reference for our framework.  

Furthermore, we made changes to the PREP questionnaire items and modified the 

framework based on the reviews of published literature regarding the factors affecting 

vision related QoL in children and, compliance of wearing eyeglasses from the patient’s 

perspective were conducted. During the search and review of current PRO measures for 

RE correction, it was determined that were no PRO measure in existence that was “fit-

for-purpose” in evaluating different domains of VRQoL for corrected RE, therefore the 

SREEQ-R was developed to address this unmet need. Ultimately, the measure was 

constructed using several items based on the direct input from a panel of experts 
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(clinicians and measurement experts in the field of ophthalmology) who had experience 

working with this age group of children wearing eyeglasses.  

The items and domains from the PREP were modified to match with our clinical experts’ 

experiences and to better focus on capturing symptoms of children with myopia. Several 

additions and deletions from the PREP were done to match our criteria to make sure our 

domains were relevant and most accurately define our population. Content validity and 

framework development was done by a robust inter disciplinary team of experts from the 

field and prescribing guidelines such as American Academy of Pediatric Ophthalmology 

was also used in this process. 

In the conceptual framework (Figure 1), the overall concept was the VRQoL in myopic 

school-aged children. The item-level concepts were: Overall Vision, Near Vision, Far 

Vision, and Symptoms. Each of the item-level concepts was associated with items that 

were included in the final 20-item PRO measure, SREEQ-R. 

 

 

 

Figure 2: Conceptual Framework for the Student Refractive Error and Eyeglass 
Questionnaire in Myopics 
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Chapter 3: Methods 

3.1 Study Purpose 
The purpose of this study is to assess SREEQ-R validity and to determine if this 

instrument is appropriate to measure VRQoL related to spectacle utilization in school-

aged children sample with myopia in London. 

3.1.1 Significance/Impact 

This SREEQ-R enables us to measure the QoL in children who are wearing eyeglasses 

and not and there also compare them to ensure if VRQoL is improved. Looking at 

dimensionality in Rasch analysis ensures we are measuring a single construct and also 

provides evidence that the statements in the questionnaire are able to differentiate among 

children with different levels of VRQoL. Rasch analysis also help to validate the 3-point 

response scale used. 

3.1.2 Study Objectives 

Objective 1.1. To evaluate the dimensionality of the items using principal component 

analysis (PCA) of the standardized residuals 

Objective 2.1. To evaluate person and item fit statistics 

Objective 3.1 To evaluate the face validity 
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Objective 3.2. To evaluate the content validity using the Rasch Methods 

Objective 3.3. To evaluate construct validity using the Rasch Methods 

Objective 4.1. To evaluate the test-retest reliability 

Objective 4.2. To evaluate Person Separation Index (PSI) using the Rasch Methods 

Objective 5.1. To test the measurement invariance of the SREEQ across ages and 

ethnicity using the DIF 

 

 

3.1.3 Study hypotheses 

Hypothesis 1.1.1. We hypothesize that the SREEQ questionnaire is unidimensional 

Hypothesis 2.1.1. We hypothesize that the responses scores of the SREEQ will fit the 

model and Infit and outfit are reported as unstandardized MNSQ or Z-Standard (Z-STD) 

scores 

Hypothesis 3.1.1.  We hypothesize that the SREEQ has face validity based on the 

agreement of the experts that the items measure the impact of myopia on QoL 

Hypothesis 3.2.1. We hypothesize that SREEQ questionnaire will have evidence of 

content validity evidence in school-aged myopic children based on evidence of a match 

between item difficulty and person ability 

Hypothesis 3.3.1. We hypothesize that SREEQ questionnaire has construct validity based 

on evidence that all items measure a single construct and that the items “fit” the Rasch 
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model with infit and outfit statistic will be between -2 to +2 in school-aged myopic 

children 

Hypothesis 4.1.1. The Cronbach’s alpha (indicating internal consistency) will be between 

0.70 to 0.95 

Hypothesis 4.2.1. The person and item separation values will be greater than 0.8 

Hypothesis 5.1.1. we hypothesize that ‘‘this item has the same difficulty for two groups’’ 

3.2 Data source/Study Design 
 

3.2.1 Data Collection Procedures 

Children who attend their local optometrists’ practice for a routine eye test, and their 

parents/care givers were asked to participate in this research. A short information leaflet 

(one for children, one for parents), and verbal explanation of the aim of the study was 

explained. No consent/assent in writing was taken to avoid collecting any personal 

information. Enough time was provided to read the information sheet and optometrist 

was available to answer any questions that the parent/guardian/child might have. Clear 

and easier information was provided to the child about the study and free will was given 

to decline to participate in the study without any reason. Upon interest and acceptance to 

participate in the study, SREEQ-R questionnaire was administered single time for both 

sections. Upon agreement of the parent/guardian, child filled the questionnaire and it took 

about 10 minutes to complete it. 

3.2.2 Data storage and access procedures 

Basic demographic and clinical details: child's ethnic background, age, gender, spectacle 

prescription, and visual acuity with and without glasses was collected. All these were 
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routinely collected as part of standard clinical practice. The principal outcome measure 

collected was the SREEQ-R score. 

All participant information was collected on the case report form (CRF), which included 

the demographic, clinical and the SREEQ data, and was given a unique identification 

number for analysis. Digital information was stored on the firewall protected server of 

Moorfield’s Eye Hospital. Data were transferred to a Microsoft Excel database on the 

Moorfield’s computer network.  Electronic records were password protected and access 

limited to the study researchers. The encrypted Excel worksheet was sent electronically 

to the collaborators at the University of Arizona, USA. At no stage identifiable data was 

collected or stored.  

Paper records will be kept for a duration of 5 years after conclusion of the study, in 

locked cabinets at Moorfield’s Eye Hospital. Electronic data will be stored on the 

Moorfield’s firewall protected server for 5 years after conclusion of the study. 

Moorfield’s adheres to the Data Protection Act 1998 and Caldicott.  

3.3 Eligibility Criteria 
Inclusion: Children who had an eye examination and had worn eyeglasses in the past 

(lost/broken/not wearing) or currently wearing glasses. Spectacle prescription (for 

myopia, Q1.00 D on any meridian, in either eye) upon eye examination. 

Exclusion: contact lenses wearing children. Subjects of any other eye condition that 

would affect vision (retinopathy of prematurity, retinal dystrophy, glaucoma, amblyopia, 

cataract) were excluded. 
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3.4 Study Design 
This study was a prospective cross-sectional observational study using a questionnaire 

design. 

3.5 Human subjects 
Human Subjects: School-aged children with myopia and visiting Moorfield’s Eye 

Hospital. Approval by London IRB (RAS 256327 by NHS).   

3.6 Sample Size 
Instruments: Student Refractive Error and Eyeglasses Questionnaire Revised (SREEQ-R) 

Hundred children until 12 years, and 100 young people age 13-18 years were asked to 

anonymously complete the SREEQ questionnaire. 

3.7 Theoretical Framework 
The development of the conceptual framework for this SREEQs questionnaire measuring 

impact of VRQoL in myopic school-aged children was based on the recommendations 

that was available from the Pediatric Refractive Error Profile (PREP), designed to 

quantify the quality of life of young subjects who are affected only by refractive error 

[Walline et al., 2007]. This questionnaire development and validation which was done in 

children and teen using contact lens, was used as a reference for our framework.  

Furthermore, we made changes to the PREP questionnaire items and modified the 

framework based on the reviews of published literature regarding the factors affecting 

vision related quality of life in children and also compliance of wearing eye glasses from 

the patient’s perspective were conducted. During the search and review of current PRO 

measures for refractive error correction, it was determined that were no PRO measure in 

existence that was “fit-for-purpose” in evaluating different domains of vision-related 

quality of life for corrected refractive error, therefore the SREEQ was developed to 
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address this unmet need. Ultimately, the measure was constructed using several items 

based on the direct input from clinicians and measurement experts in the field of 

ophthalmology who had experience working with this age group of children wearing eye 

glasses. 

The items and domains from the PREP were modified to match with our clinical experts’ 

experiences and to better focus on capturing symptoms of the children with myopia. 

Several additions and deletions from the PREP were done to match our criteria to make 

sure our domains were relevant and most accurately define our population. Content 

validity and framework development was done by a robust inter disciplinary team of 

experts from the field and prescribing guidelines such as American Academy of Pediatric 

Ophthalmology was also used in this process. 

In the conceptual framework (Figure 1), the overall concept was the vision related quality 

of life in myopic school-aged children. The item-level concepts were Overall vision, Near 

vision, Far vision and symptoms. Each of the item-level concepts was associated with an 

item that was included in the final 20-item PRO measure. 

3.8 Independent and dependent variables 
 

3.8.1 Independent variables 

Questionnaire responses and demographics (child's ethnic background, age, gender), 

spectacle prescription, and visual acuity with and without glasses.  

3.8.2. Dependent variables 

VRQoL, reliability, validity of the SREEQ 



53 
 

3.9. Data analysis 
The questionnaire took about 10 min to complete. Data were then entered into Excel. 

Rasch analysis was performed using Winsteps 4.0.1 [Linacre, 2017]. The rating scale 

model was used since all items shared the same polytomous response structure [Linacre, 

2017]. The procedures of Rasch analysis used was based on recent guidelines. 

3.9.1 Dimensionality Analysis 

Assessing instrument dimensionality is important to ensure that SREEQ is measuring one 

construct. We measured dimensionality using PCA for both versions of the questionnaire 

(With Glasses and Without Glasses). Uncorrected refractive error dimensionality is 

defined by raw variance explained where the recommended value is more than 60%, an 

eigenvalue of less than 3 (equivalent to three items) in the first contrast, and an 

unexplained percentage variance in 1st contrast less than 10% [Linacre,2016]. 

3.9.2 Person and Item Reliability Analysis 

Rasch measurement analyzes both person and item reliability. The purpose of reliability 

evaluation is to identify poorly performing items in the questionnaire. High person or 

item reliability indicates high probability that persons or items with high estimated 

measures indeed show higher measures than do persons or items with low estimated 

measures. Specifically, person reliability reflects reproducibility of person ordering that 

can be expected if the same sample responded to another set of items measuring the same 

construct, and item reliability reflects reproducibility of items’ hierarchy and/or given 

item scores if another sample responded to the same items. Rasch analysis measures 

reliability including person separation reliability. This statistic shows the ability of the 

items to separate persons at different levels of ability. According to the Linacre[2006] 
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and Bond & Fox [2015], acceptable reliability is greater than 0.50 and acceptable 

separation value should be more than two [Fisher,2010]. 

According to Bond & Fox [2007], the Cronbach’s Alpha (α) acceptable reliability is 

between 0.71 - 0.99. The person reliability is equivalent to the traditional Cronbach’s 

alpha and is indicative of a measure’s internal consistency. Low person reliability values 

(<0.8) indicate a narrow range of person measures (i.e., not having enough persons with 

more extreme abilities, both high and low), or having too few items. 

 

 

 

 

 

 

 

3.9.3 Item Polarity Analysis 

Item polarity is necessary in measuring construct validity. Examination of the item 

polarities is tested if the construct achieves its goals and the relationship among the items 

that are built with the respondents. Point-measure correlations were examined to identify 

potentially mis fitting items and to ensure all correlations were positive indicating they 

contribute to the construct. According to Bond & Fox [2015], to determine whether an 

item measures the construct, the value shown on the point-measure correlation must be 

Alpha-Cronbach Score  Reliability  

0.9 – 1.0  Very good and effective level of 

consistency  

0.7 – 0.8  Good and acceptable  

0.6 – 0.7  Acceptable  

<0.6  Item need to be repaired  

<0.5  Items need to be dropped  

Table 2:Interpretation of Cronbach Alpha-Score 
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positive. If the value obtained is negative, it means the item does not measure the 

construct to be measured and it needs to be dropped. The criteria of good correlation are 

the values should be > 0.20 [Bond & Fox, 2015]. 

3.9.4 Instrument validity- Item Fit Analysis 

In order to analyze appropriateness of SREEQ-R items, each item was analyzed 

separately. Each item’s mean square (MNSQ) can used to identify a misfitting item. The 

MNSQ value can be used to determine whether the item is appropriate (i.e., item fit) and 

measures the latent variable or construct. According to Bond & Fox [2015], and Wright 

et al. acceptance value of MNSQ for infit analysis should be 0.4 < x <1.5 and Z- 

standardized (ZSTD) values range between -2 and 2. Any items that do not adhere to the 

criteria must be evaluated and possibly dropped. 

3.9.5 Person Misfit Statistics 

Rasch provides option to investigate further concerning misfit for each student misfit. 

The most unexpected responses can be used to verify response patterns based on ability 

for further investigation and can be used to diagnose why people may be mis fitting. 

3.9.6 Category Probability Curves 

The category probability curves provide a visual means of examining the distinctions 

between thresholds to see if each response category has a distinct peak to indicate that 

each category was the most probable response for some portion of the latent variable 

[Bond,2015]. 

3.9.7 Person-Item Distribution Map 

Person-item distribution map (PIDM), where the person is the children whilst the item is 

the question of the instrument (survey). PIDM is a diagram of two variables that are 
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plotted on the same logit scale. By virtue of the same scale; the relationship of person 

ability, and item difficulty, can now be established. 

3.9.8 Differential Item Analysis 

In order to examine whether the scale items were used in the same way by all groups, a 

differential item analysis (DIF) was conducted. DIF occurs when a characteristic of the 

respondent other than their ability on the underlying trait influences their response to an 

item [Bond & Fox, 2015].  

There is a requirement of minimum of 30 in a group for a tentative finding in DIF 

analysis [lineacre,2015] hence divided ethnicity into (white vs non-white) groups and ran 

DIF among age groups and ethnicity. The DIF analysis enabled examination of potential 

contrasting item-by-item profiles associated with the following variables: (a) age groups 

(less than or equal 12 years vs greater than 12 years), (b) white vs non-whites. For DIF 

analysis, the sample was categorized by two age groups (1- less than or equal to 12 years, 

2- more than 12 years). In determining DIF when comparing two groups (i.e. age groups 

≤ 12 years or > 12 years) with the hypothesis ‘‘this item has the same difficulty for two 

groups’’ the DIF contrast, which is the difference in difficulty of the item between the 

two groups, should be at least 0.5 logits with a p value < 0.05 for DIF to be 

noticeable.[Linacre,2016] 

3.10 Limitations with methodological approach 
Compliance: The children will be truthful in their questionnaire responses and provide us 

with the most accurate information regarding their condition. The study is susceptible to 

bias due to low response and recall bias which in turn can affect the reliability and 

validity of the questionnaire. Being a cross sectional study design, generalizability of the 
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study results to predict VRQoL is limited. Dependent on the representative sample of 

children that is achieved in this study. No precise sample size calculation was conducted. 

Respondents may not feel encouraged to provide accurate, honest answers as that present 

themselves in an unfavorable manner. There are some missing data in few variables 

collected.  
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Chapter 4: Results 
A total of 125 eligible children completed the SREEQ-R, with mean age of 12.7±2.9. 

Most of them were White (57.6%), followed by Asians (9.7%). The majority (79%) of 

the respondents did not report gender information. Since all participating children were 

diagnosed with myopia, their right eye uncorrected visual acuity had a median and IQR 

of 0.70 (-0.03,1.43) and left eye uncorrected visual acuity was 0.60 (-0.18,1.38). Data 

were collected in a single zip code in London. The clinical and demographics data of the 

participants are presented in Table 3. 

 

Gender, n (%) 

  Male 

  Female 

  Missing  

 

12 (8.3) 

14 (9.7) 

99 (79.2)  
Age  

  Mean (SD) 

  Range 

  Number missing, (%) 

 

12.7 (2.9) 

7-18 

16(12.8)  
Ethnicity, n (%) 

  White 

  Asian/British Asian 

  Black/Black British 

  Mixed 

  Prefer not to say 

  Missing  

 

83 (57.6) 

14 (9.7) 

5 (3.5) 

7 (4.9) 

3 (2.1)12 (8.3) 

Clinical characteristics, median (IQR) 

Right Eye: 

  Uncorrected visual acuity of the right eye 

  Spherical equivalent 

  Best-corrected visual acuity of the eye 

Left Eye: 

  Uncorrected visual acuity of the left eye 

  Spherical equivalent 

  Best-corrected visual acuity of the eye  

 

 

0.70 (-0.03,1.43) 

-2.00 (0.58, -4.38) 

0.00 (-0.08,0.08) 

 

0.60 (-0.18,1.38) 

-1.75 (0.75, -4.25) 

0.00 (-0.06,0.06) 

Myopia severity, n (%) 

Right Eye: 

  Mild 

  Moderate 

  Severe 

Left Eye: 

  Mild 

  Moderate 

  Severe 

 

 

88 (70.4) 

29 (23.2) 

6 (4.8) 

 

86 (68.8) 

31 (24.8) 

6 (4.8) 
Table 3:Participant demographics and clinical characteristics 
Key: IQR- Inter quartile range; SD – Standard Deviation 
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4.1 Dimensionality Analysis 
Without Glasses Questionnaire 

Table 4 shows the dimensionality of SREEQ-R for the uncorrected refractive error 

(Without Glasses questionnaire). Observed and expected values were similar, and raw 

variance explained by measures of SREEQ-R was 60.5% and unexplained variance was 

8.4% indicating evidence for unidimensionality. Of the 60.5% explained variance, the 

items measures (34.7%) explain more of the variance than the person measures (25.8%). 

The total raw unexplained variance (39.5%) has an eigenvalue of 10.0 and the eigenvalue 

in the first contrast of 2.13, thus the items represent one construct (VRQoL). 

 

 

Table 4:Standardized residual variance for the Without Glasses Questionnaire 

 

With Glasses Questionnaire 

Similarly, principal component analysis for the corrected refractive error is shown in 

Table 5. The raw variance explained by measures is 30.0% and the unexplained variance 

in the first contrast is 12.3%, which exceeds the normal control limit, however the 

eigenvalue of the first contrast is 1.75 which is less than the cutoff value of 3. 

 

 

Table 5:Standardized residual variance for the With Glasses Questionnaire 
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4.2 Person and Item Reliability Analysis  
Table 6 shows the item and person reliability for the Without Glasses questionnaire and 

Table 8 shows the With Glasses questionnaire item and person reliability. 

The Without Glasses questionnaire has an item reliability of 0.99 and a person reliability 

of 0.80 while the With Glasses item reliability and person reliability was 0.80 and 0.22 

respectively.  The With Glasses questionnaire meets the standard set criteria for item and 

person reliability. The Without Glasses have an item separation of 8.63 and a person 

separation of 2.03 while the With Glasses item separation and person separation were 

1.99 and 0.53 respectively. For the With Glasses questionnaire, person reliability and 

separation index, values do not meet the criteria set by the Linacre (2006) and Bond & 

Fox (2015).  The person separation index is also lower than the limit for the With Glasses 

questionnaire. Thus, the ability of these items to separate persons With Glasses at 

different levels of the corrected refractive error measured is not achieved.  

  

 

Table 6:Item and person reliability for the Without Glasses Questionnaire 
Key: SE- standard error, MNSQ- mean square infit statistics, ZSTD- Z score standardized fit statistics, PSD- 

population standard deviation, SSD-Sample standard deviation, RMSE-real model standard error. 
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Table 7:Item and person reliability for the Without Glasses Questionnaire 
Key: SE- standard error, MNSQ- mean square infit statistics, ZSTD- Z score standardized fit statistics, PSD- 

population standard deviation, SSD-Sample standard deviation, RMSE-real model standard error. 
 

 

Table 8:Item and person reliability for the Without Glasses Questionnaire 
Key: SE- standard error, MNSQ- mean square infit statistics, ZSTD- Z score standardized fit statistics, PSD- 

population standard deviation, SSD-Sample standard deviation, RMSE-real model standard error. 
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Table 9:Item and person reliability for the Without Glasses Questionnaire 
Key: SE- standard error, MNSQ- mean square infit statistics, ZSTD- Z score standardized fit statistics, PSD- 

population standard deviation, SSD-Sample standard deviation, RMSE-real model standard error. 
 

The reliability of the Without Glasses questionnaire (i.e., Cronbach Alpha (α)) is 0.84 and 

0.91 for the With Glasses questionnaire. 

 

4.3 Item Polarity Analysis 
Table 10 shows there were no negative correlations and all point-measure correlations for 

items are > 0.20 for all persons who competed the Without Glasses and With Glasses 

questionnaires. This indicates that there are no mistakes in data entry or miscoded items, 

which would otherwise lead to negative correlations. 
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Table 10:Summary of item polarity analysis and item fit for the Without Glasses questionnaire 
KEY: SE- standard error, MNSQ- mean square infit statistics, ZSTD- Z score standardized fit statistics, PTMEASUR 

CORR- point measure correlation EXP- expected OBS%- percentage observed EXP%- percentage expected P.SD- 

population standard deviation 
 

4.4 Instrument validity- Item Fit Analysis 
Table 10 shows analysis of item fit for all items for the Without Glasses Questionnaire. 

Infit MNSQ values for all items were within the standard range. Thus, all 10 items fit the 

construct and were retained. Table 11 shows that the items in With Glasses Questionnaire 

infit MNSQs are within the recommended range. However, the outfit MNSQ is slightly 

outside the standard range for the item 8 of the Without Glasses Questionnaire “When I 

don't wear my glasses, I get headaches, or my head or eyes hurt when I read.” Although 

there is one outfit ZSTD score that fails to fit the model than infit ZSTD scores in 

Without Glasses, there are no inconsistencies in the extent or direction of the misfit. 

Thus, it is not regarded as a threat to item misfit. The infit and outfit ZSTD scores for the 

With Glasses Questionnaire are in an acceptable range; no misfit. 

Examining item misfit for the With Glasses Questionnaire shows that all items infit and 

outfit MNSQ and ZSTDs are all within the acceptable range. 
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Table 11:Summary of item polarity analysis and item fit in the With Glasses Questionnaire 
KEY: SE- standard error, MNSQ- mean square infit statistics, ZSTD- Z score standardized fit statistics, PTMEASUR 

CORR- point measure correlation EXP- expected OBS%- percentage observed EXP%- percentage expected P.SD- 

population standard deviation 
 

4.5 Person Misfit Statistics 
Several of the children’s response patterns were suspected to be misfitting for the 

Without Glasses Questionnaire (Table 12) because they exceeded the acceptable value of 

outfit MNSQ or because ZSTD or had negative point measure correlations. However, all 

three parameters need to be out of range for the responses to be considered misfit, hence, 

only four persons “50, 81 ,76 and 73” misfit. These students are not responding as 

expected which is evident from the negative point measure correlation value, the 

infit/outfit mean square values being higher than 1.5 and z-standard values exceeding 

2.00. 

Similarly, for the With Glasses Questionnaire, there are few children’s responses which 

were suspected to be misfitting (Table 12). Overall, based on all three parameters of 

MNSQ, ZSTD and the negative point measure correlation it was concluded that only 

person 26, is misfitting. 
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Table 12:Person measures -Without Glasses Questionnaire 
KEY: SE- standard error, MNSQ- mean square infit statistics, ZSTD- Z score standardized fit statistics, PTMEASUR 

CORR- point measure correlation EXP- expected OBS%- percentage observed EXP%- percentage expected P.SD- 

population standard deviation 
 

With Glasses Questionnaire 

 

Table 13:Person measures -With Glasses Questionnaire 
KEY: SE- standard error, MNSQ- mean square infit statistics, ZSTD- Z score standardized fit statistics, PTMEASUR 

CORR- point measure correlation EXP- expected OBS%- percentage observed EXP%- percentage expected P.SD- 

population standard deviation 
 

4.6 Category Probability Curves 
As can be noted from the visual examination of the category probability curves (Table 

14), all items in the Without Glasses and With Glasses questionnaires are ordered and 

distinct, as expected. This indicates that every category has a distinct probability of being 
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selected more than any other category for a particular person difficulty. Peaks for each 

response option are separated and similar; therefore, the likelihood of each response 

option is satisfactory in both the Without Glasses and With Glasses Questionnaires. 

 

 

Without Glasses Questionnaire 

 

Table 14:Category probability curves for the SREEQ-R showing ordered thresholds 
KEY: SREEQ-R- Student Refractive Error and Eyeglasses Questionnaire-Revised, X-axis-Measure relative to item 

difficult, Y-axis-Category probability; response category 1- “all the time” response category 2- “some of the time”  

response category 3- “none of the time” 
 

With Glasses Questionnaire 
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Table 15:Category probability curves for the SREEQ-R showing ordered thresholds 
KEY: SREEQ-R- Student Refractive Error and Eyeglasses Questionnaire-Revised, X-axis-Measure relative to item 

difficult, Y-axis-Category probability; response category 1- “all the time” response category 2- “some of the time” 

response category 3- “none of the time” 
 

4.7 Expected Score/Threshold Map 
The expected score map, Figure 3, illustrates ordering of item difficulty with the most 

difficult item to endorse “none of the time” at the top and the easiest at the bottom.  

Since the coding of the raw data was done such that: “all the time” = 1, “some of the 

time” = 2, and “none of the time” = 3, the most difficult item to answer “none the time” 

(and therefore the easiest to answer “all of the time”) for children Without Glasses is item 

6 and With Glasses is item 8. While most easiest item to answer “none of the time” (and 

therefore most difficult to answer “all of the time”) in children Without Glasses is item 9 

and with glasses is also item 9.  The curve at the top represents the distribution of 

children as assessed by the SREEQ-R. 
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Without Glasses Questionnaire 

For example, the most difficult item to endorse ‘none of the time’ is item 6 “problems seeing the 

board, at the movies or other things far away” and the easiest item to endorse “none of the time” 

is item 9 “I feel dizzy”. 

 

 

 

 

 

 

 

 

 

 

Figure 3:Item threshold map of the SREEQ-R illustrating the plausible response options obtained by Rasch analysis for 
the study population in Without Glasses Questionnaire 

KEY: SREEQ-R- Student Refractive Error and Eyeglasses Questionnaire-Revised, A-All of the time, S- Some of the time, 
N- None of the time 
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With Glasses Questionnaire 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For example, the most difficult  item to endorse “none of the time” is  item 8 “get headaches or 

my head or eyes hurt when I read” and the easiest item to endorse “none of the time” is item 9 “I 

feel dizzy.” 

4.8 Person-Item Distribution Map 
Figure 5 shows the item-person variable map and depicts the construct hierarchy by 

illustrating the distribution and order of item difficulty, children’s ability to agree with an 

item, and gaps in the measurement continuum. Due to the coding of the raw data we have 

hardest item to agree “none the time” (and the easiest to respond “all of the time”) at the 

top and the easiest item to answer “none of the time” to (and the hardest to respond with 

“all of the time”) is at the bottom. The left side of the map shows the distribution of 

children’s VRQoL over the same continuum and its well distributed within 2 standard 

deviations with few outliers on the terminal ends of the map with relatively high and low 

ability. The person with high ability on the top of the map, is the child with high VRQoL 

whereby they endorsed more of “none of the time” which was the highest score. The 

Figure 4:Item threshold map of the SREEQ-R illustrating the plausible response options obtained by 
Rasch analysis for the study population in Without Glasses Questionnaire 

KEY:  SREEQ-R- Student Refractive Error and Eyeglasses Questionnaire-Revised, A-All of the time, S- 
Some of the time, N- None of the time 
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person at the bottom of the map, is the child with low VRQoL whereby they endorsed 

more of “all of the time” which was the lowest score. 

Overall, the items were well distributed and did not cluster in the middle of the 

continuum but fell within two standard deviation of mean logits without significant gaps 

warranting no addition of items in the in-between item gaps. There were clustered items 

with the same level of difficulty, as illustrated by their same position on the map:  items 2 

and 1; and items 3 and 7. There were no missing items in the middle, top or bottom of the 

measurement continuum indicating no need for additional items. The children 

measurements were well distributed throughout the continuum with a few placed at the 

top and bottom as well, yielding a distribution closer to normal.  

 

 

Without Glasses Questionnaire 
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For example, the most difficult item to endorse “none of the time” is item 6 “problems seeing the 

board, at the movies or other things far away” and the easiest item to endorse “none of the time” 

is item 9 “I feel dizzy”. While the person with high ability/score on Without Glasses is on the top 

of the map showing high VRQoL. 

With Glasses Questionnaire  

Figure 5:Item and Person Map of SREEQ-R 
KEY: SREEQ-R- Student Refractive Error and Eyeglasses Questionnaire-Revised 

# = 3 children, N= 124, M= Mean S= 1 Standard Deviation T= 2 Standard Deviations 
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For example, the most difficult  item to endorse “none of the time” is  item 8 “get headaches or 

my head or eyes hurt when I read” and the easiest item to endorse “none of the time” is item 9 “I 

feel dizzy”. While the person with high ability/score is on the top of the map showing high 

VRQoL. 

 

 

4.9 Differential Item Analysis 
None of the items in the With Glasses or Without Glasses questionnaires demonstrated 

differential item functioning (DIF) (Table 16&17) for age and ethnicity (White vs non-

white). This result suggests that these person factors do not exert an influence on how a 

person responds to SREEQ-R. Further, it supports one of the invariant measurement 

assumptions in that the measurement of persons and items should be independent of one 

another.  The summary of the DIF analysis for With Glasses and Without Glasses is 

presented in Table 16&17 below.  

 

Figure 6:KEY: SREEQ-R- Student Refractive Error and Eyeglasses Questionnaire-Revised 
KEY: SREEQ-R- Student Refractive Error and Eyeglasses Questionnaire-Revised 

# = 3 children, N= 122, M= Mean S= 1 Standard Deviation T= 2 Standard Deviations 
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Without Glasses Questionnaire 

 

Table 16:Differential item analysis of SREEQ-R for age and ethnicity 
KEY: SREEQ-R- Student Refractive Error and Eyeglasses Questionnaire-Revised, DIF- Differential Item Functioning, 

SE- standard error,  t- t-statistic 
 

With Glasses Questionnaire 
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Table 17:Differential item analysis of SREEQ-R for age and ethnicity 
KEY: SREEQ-R- Student Refractive Error and Eyeglasses Questionnaire-Revised, DIF- Differential Item 

Functioning, SE- standard error, t- t-statistic 
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Chapter 5: Discussion 
The purpose of this study was to assess the validity and reliability of SREEQ-R, in 

measuring  VRQoL effected by use of spectacle utilization sample of school-aged 

children with myopia in London. The SREEQ-R is a 20-item questionnaire with part 

A(Without Glasses) and B (With Glasses) and also gathers participant demographics. We 

evaluated data from 125 children who responded to the SREEQ, which is considered a 

sufficient sample size when using the Rasch model which provides enough power for 

accurate results. Rasch analysis provided information about how the respondents and the 

items fit the Rasch model, as well as the dimensionality of the questionnaire construct.  

A discussion of the findings appears below according to: (4.1) Dimensionality Analysis, 

(4.2) Person and Item Reliability Analysis, (4.3) Item Polarity Analysis, (4.4) Item Fit 

Analysis, (4.5) Person Misfit Statistics, (4.6) Category Probability Curves, (4.7) Expected 

Score/Threshold Map, and (4.8) Person-Item Distribution Maps, followed by limitations 

and clinical implication/future research. 

5.1 Dimensionality Analysis  
Unidimensionality is an important aspect to assess to ensure that the SREEQ-R is 

measuring one construct. [Brentani & Golia,2007] While the PCA for the Without 

Glasses questionnaire indicated one construct, the PCA for the With Glasses 

questionnaire did not meet all of the criteria.  While at first, this may seem like a 

problem, these were minor deviations and it is important to note that it is more important 

to accurately measure the VRQoL when children are not wearing glasses.  The high 

ceiling effect seen with the With Glasses questionnaire, which makes it difficult to assess 

different levels of the corrected refractive error when children are wearing their glasses, 

is acceptable and perhaps even desirable from a conceptual standpoint. It is our 
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contention that this high ceiling effect with the With Glasses items is to be expected since 

children responding to this portion of the questionnaire have corrected refractive error 

achieved by the use of glasses and hence have a high VRQoL. Thus, it is concluded that 

the SREEQ-R was shown to be unidimensional, all the items contributed to a single 

underlying construct (i.e., VRQoL). 

  

5.2 Person and Item Reliability Analysis 
Internal consistency as measured by Cronbach alpha for items was high in both Without 

(0.84) and With Glasses (0.91) questionnaires. This compares favorably with previous 

research as the original SREEQ had an item reliability of 0.98 and 0.85 for the Without 

and With Glasses versions respectively.[Crescioni et al., 2014] Also, the person 

reliability of SREEQ-R is also high in the Without Glasses (0.80) but is lower in the With 

Glasses questionnaire (0.22). Similar trend was seen from the original SREEQ Rasch 

analysis whereby lower values was seen With Glasses section of questionnaire (Person 

reliability for part A is 0.86 and part B is 0.25). [Crescioni et al., 2014] This is, however, 

deemed acceptable since children completing the With Glasses questionnaire have 

relatively similar good visual acuity and thus uniform VRQoL.  Therefore, responses did 

not vary widely among them hence producing low reliability index (which indicates the 

ability of the instrument to reliably rank the students). Modifications to SREEQ-R 

includes addition of questions in part B where With Glasses statements are set in order to 

increase person separation index. 

 However, the goal of the SREEQ-R is to measure VRQoL and to assess clinical change 

between not wearing glasses and wearing glasses.  Thus, while more items could be 
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added, they may not be important or clinically relevant.  Thus, conclude that these values 

indicate that the SREEQ-R provides a high level of consistency and can be used for 

research and clinical assessment.   

5.3 Item Polarity Analysis 
Any item that contains a negative value requires the respective item to be dropped. For 

SREEQ-R, the Point Measure Correlation for all values was positive, thus allowing all 

items to be retained. It means the items do measure the construct intended to be measured 

(i.e., VRQoL). This could not be compared to previous research as the original SREEQ 

questionnaire did not report item polarity. [Crescioni et al., 2014] 

5.4 Instrument Validity- Item Fit Analysis 
Both overfitting and underfitting items are a threat to measurement with the Rasch model 

whereby overfitting leads to the suggestion that measure is functioning better than 

expected while underfitting items distort the model. [Wright & Linacre, 1994] Outfit 

statistics are often regarded as less important than infit statistics, since they are 

unweighted, but it is important to examine for agreement between infit and outfit scores. 

[T. Bond & Fox, 2015] In the Without Glasses questionnaire item 8 showed outfit MNSQ 

and ZSTD outside the fit range but since the direction of misfit is consistent and infit 

statistics are well within the range, no items were removed.  This is to be expected 

because during previous research and analysis of the SREEQ two items from part A and 

B were eliminated due to misfit. Thus, the resulting questionnaire (the SREEQ-R) had 

good fit properties. 

Underfit (i.e., too much variation as because responses are too haphazard) is of greater 

concern than overfit as it can degrade the model. [T. Bond & Fox, 2015] With underfit 
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(MnSq > 1.4); (Z-STD > 2) being regarded as the bigger threat to the measure, this was 

examined first. Underfit in both infit and outfit scores (MnSq > 1.4; Z-STD > 2) was 

observed for item 8 “When I don't wear my glasses, I get headaches, or my head or eyes 

hurt when I read” while With Glasses, no underfit was seen. Thus, in order to avoid 

reducing reliability and validity of the Without Glasses questionnaire, it was not 

eliminated. 

5.5 Person Misfit Statistics 
Person fit statistics provide a summary of the discrepancies between what is observed and 

what is expected to be observed.[Linacre,2002] If for any reason a few persons from the 

group do not perform as expected, these will be flagged as persons differing from the 

expectation and therefore mis-fitting. Fit indicates the validity of the person measures. 

[Linacre,2002] Standard misfit indicators are used to recognize these persons and in 

Without Glasses questionnaire, the most unexpected responses are seen in four persons 

with “50, 81 ,76 and 73”. These person’s raw responses were investigated to diagnose 

reasons for misfit; however no possible explanation was found. This was considered 

random noise in the data and there were no related irregularities in person responses that 

could be detected. Hence no persons were eliminated from the final data set for Rasch 

analysis of Without Glasses questionnaire. This could not be compared to previous 

research as person misfit statistics were not reported in original SREEQ questionnaire 

Rasch analysis. [Crescioni et al., 2014] 

5.6 Category Probability Curves 
The application of Rasch analysis to the SREEQ-R has allowed greater scrutiny of the 

performance of the response scale that would not have been possible with the traditional 

approach to test development (i.e., classic test theory).  The sample of children with 



79 
 

myopia in this study consistently used all response options for 10 items in both the With 

Glass and Without Glasses questionnaires. This consistent endorsement of all response 

options across items is a benefit from the shortening of the response scales after Rasch 

analysis of the SREEQ questions in the previous study. [Crescioni et al., 2014]  

5.7 Expected Score/Threshold Map 
The map showed how logits and category response were linked to the test items in 

hierarchical order. The locations of respective thresholds of all items (the points where 

the probabilities of adjacent levels of response are equally likely) should ideally increase 

with increasing difficulty of the item, expressed by its location on the latent trait 

continuum. [Smith, 1994] Due to the coding of the raw data, the most difficult item to 

agree with “none of the time” is on the top and easiest is at the bottom. Visual inspection 

of the item threshold map showed that a smooth transition of responses seen with the 

items in Without Glasses questionnaire. This compares favorably with previous research 

however, the expected score maps of SREEQ Rasch analysis had bottom of the map all 

items which were representing higher VRQoL and thus easy to endorse while top items  

were representing poor VRQoL and those having more symptoms hence difficult to 

endorse by children.[Crescioni et al., 2014] 

Thus, this map can be used to identify plausible health states in terms of average rating to 

expect for persons of a particular measure. The map illustrates the most likely 

combinations of responses expected to be obtained by children with myopia at various 

levels (locations) of ability. [Mavranezouli et al., 2011] The item threshold map allows 

prediction of the most likely responses at various levels of symptom severity/poor to high 

VRQoL. Then, it is possible to predict the response of a respondent (or group of 
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respondents) to each of the instrument items. With Rasch techniques it is possible to plot 

the location of each respondent’s measures and then predict what the answers should be 

for that “respondent measure.” Hence a respondent with a particular measure will be 

predicted to have different responses to survey items as a function of where the item lies 

on the trait. It is possible to assign unique values to each item based on how likely people 

with different levels of the measured trait are to endorse an item. Once these item values 

(“parameters”) are estimated (“calibrated”) for each item in a questionnaire or item bank, 

the parameters can be used to score any new response data from any subset of items. This 

threshold maps help to develop a pre-calibrated expected-score scale that could be used 

as a scoring mechanism in clinical practice which enables the clinicians to translate this 

instrument into a useful tool for establishing treatment goals for children with different 

visual acuity and also make decisions on whether Glasses are helpful or not and what 

could be hurdles to non-adherence. The item difficulty hierarchy provides clinicians more 

meaningful information and helps to get a general idea of a respondent’s overall 

capability to perform on particular items based on the probabilistic Rasch model. On the 

threshold map presented, a line be drawn by person ability measure could be estimated. 

Such a line could be estimated even with missing responses to some items. [Kielhofner et 

al, 2005] The line may allow clinicians to visually predict respondent’s next levels of 

challenging items as setting goals and what daily activities the child is having difficulty 

with. To monitor progress during regular consultation, ophthalmologist can record 

therapy goals before prescribing Glasses and re-administer items periodically (e.g., at 

each child’s visit) to evaluate performance and improvement in VRQoL after the eyeglass 

prescription.  
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5.8 Person-Item Distribution Map 
Without Glasses questionnaire, the most difficult item to endorse “none of the time” is 

item 6 “problems seeing the board, at the movies or other things far away” and the easiest 

item to endorse “none of the time” is item 9 “I feel dizzy”. While the person with high 

score is on the top of the map, by endorsing more of “none of the time” showing high 

VRQoL. While in With Glasses, the most difficult  item to endorse “none of the time” is  

item 8 “get headaches or my head or eyes hurt when I read” and the easiest item to 

endorse “none of the time” is item 9 “I feel dizzy”. While the person with highest score is 

on the top of the map, by endorsing more of “none of the time” showing high VRQoL.  

However, because of the manner in which it was scored when in previous research (i.e., 

opposite scoring) the SREEQ questionnaire showed that the “difficult” statement to 

answer “all of the time” is squint to see things clearly when not wearing glasses. Whereas 

feel dizzy when not wearing their glasses was “easy” statement to answer, ‘all of the 

time”.[Crescioni et al., 2014] 

Although it is difficult to compare vision-specific areas of activity limitation between 

these population of school- children in London and other populations because of the use 

of different scale scoring, it is clear that, no matter the scoring technique used, activities 

associated with distance vision are consistently rated as the most difficult without glasses 

in myopia children due to nature of the condition. Thus, participants felt that without 

glasses they had problems seeing things far away (board or movies or other things far 

away) and they had lower VRQoL. While the participants felt “easier” to agree with 

“none of the time” feel dizzy when not wearing their glasses or higher VQoL because 
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majority do not experience dizziness without glasses. This is slightly different than 

previous research as the analysis of original SREEQ showed that the “difficult” item to 

agree “none of the time” was when subjects are asked about whether they have to squint 

to see things clearly when they are not wearing their glasses. While it was “easy” to agree 

“none of the time” when subjects were asked whether they feel dizzy when they are not 

wearing their glasses [Crescioni et al., 2014] The person–item threshold map shows that 

the items of the SREEQ-R are fairly well distributed in terms of difficulty in Without 

Glasses. While numerous participants recorded a positive person logit score in With 

Glasses, which suggests that the person’s level of functioning is higher than the mean 

required level of functioning for the items. Considering that all the children after wearing 

glasses experience a better and improved VRQoL. Person-item map was not plotted in 

the original SREEQ analysis, but the item order is the same as the threshold map. 

[Crescioni et al., 2014] 

 

5.9 Differential Item Analysis (DIF) 
DIF was used to examine the potential contrasting item-by-item profiles associated with 

age and ethnicity. The summary of DIF analysis for Without Glasses and With Glasses 

revealed that none of the items showed significant DIF. However, previous research DIF 

analysis of the SREEQ found that item 12 “When I don’t wear my glasses, I feel dizzy” 

(1.15 logits). [Crescioni et al., 2014] 

5.10 Comparison with Other VRQoL Questionnaires  
The 20-item Quality of Life Impact of Refractive Correction (QIRC) questionnaire 

looking at QOL people with refractive correction in the prepresbyopic age group (ages 16 
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to 35 years) demonstrated good precision, reliability, and internal consistency in its Rasch 

analysis. This study included participants with myopia, hyperopia, or astigmatism 

managed with spectacles, contact lenses, or by refractive surgery at least 1 year 

previously and was a single-administration questionnaire. Although the population 

groups used in QIRC was from UK, participants were prepresbyopic, older age groups 

and included several other modes of refractive correction other than glasses and hence 

not indicated to use in myopic children with eyeglasses. [Pesudovs et al., 2004] 

The Quality of Vision (QoV) questionnaire is a 30-item instrument looking at subjective 

quality of vision in groups of spectacle wearers, contact lens wearers, and those having 

had laser refractive surgery, intraocular refractive surgery, or eye disease.  QoV 

Questionnaire involved measuring of a patient’s QoV perception before and after 

refractive correction or surgery, disease progression, medical therapy, or surgical 

intervention similar to our pre-post design. Rasch analysis showed that it had satisfactory 

reliability and validity with all parameters met such as mean square infit and outfit within 

variance explained by the principal component; person separation; and minimal DIF. 

However, this instrument was suitable for measuring QoV in patients with all types of 

refractive correction, eye surgery, and eye disease that cause QoV problems and not 

specific to myopia condition. The age range of participants tessted in QoV was 21-78 

years old. [McAlinden et al., 2010]  

The NEI-RQL-42 Quality of Life questionnaire, (NEI-RQL-42) was Rasch tested for 

psychometrics properties in keratoconus condition with spectacle and contact lens 

wearers undergoing laser refractive surgery. This questionnaire was also self-

administered with preoperative laser refractive surgery patients and 6-weeks 
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postoperative. The mean age group of participants were 36.3 years and Rasch analysis 

showed serious lack of precision in subscales and outcomes. There was several misfitting 

items and scale distortions and hence was concluded to be not an appropriate tool for 

measuring patient reported outcomes in refractive error correction.  [McAlinden et al., 

2012] 

While another instrument, Refractive Status and Vision Profile (RSVP), a questionnaire 

that measures self-reported vision-related health status (symptoms, functioning, 

expectations, concern) in persons with refractive error used a similar technique of test-

retest analysis in those undergoing refractive surgery. Cronbach’s alpha, Spearman rank 

correlations, factor analysis, and multitrait analysis was performed on this questionnaire 

to measure QOL. A high Cronbach’s alpha of 0.92 on overall scale [S. Vitale et al., 2000]  

and Rasch analysis of the subscales lack appropriate and adequate items to address the 

individual concepts. [Gothwal et al., 2010] RSVP was designed to be administered in a 

population representative of those considering refractive surgery and hence cannot be 

generalizable to children with myopia and its subscales were tested in adult population.  

 

5.11 Limitations 
While it has several strengths, this study also has several weaknesses.  For example, 

future research should assess additional psychometric properties, including 

responsiveness. Responsiveness examines the ability of an instrument to detect change 

over time in the construct being measured. [Lohr et al., 1996] Responsiveness was 

outside of the scope of our study but is an essential psychometric property. Only 

measures that are responsive to change over time can provide valid and reliable outcome 
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data in intervention studies and for clinical purposes to evaluate the improvement in 

VRQoL in using eyeglasses over time. Although responsiveness of this SREEQ-R 

instrument in measuring changes to QOL was not assessed specifically. Its evidently 

proven that change in VRQoL seen from the pre and post assessment showed a clinically 

significant improvement and shift in responses With Glasses. 

One important point to remember is this was a convenient sampling of children who 

completed the questionnaire and thus may not fully represent the diverse characteristics 

found within a population of myopics. Generalizability of this questionnaire use cannot 

be extrapolated to other age groups or ethnicities and countries. Since this questionnaire’s 

validity and reliability was only established in myopia, it cannot be used in other 

refractive error conditions without reestablishing the psychometrics properties. 

The SREEQ-R reports visual symptoms Without Glasses as well as With Glasses. There 

is a possibility of recall bias whereby children who loyally wear their eyeglasses, canoot 

recall symptoms without eyeglasses. Similarly, if any children filling the questionnaire 

had broken their eyeglasses or were not using it at the time of filling the form, cannot 

accurately recall what they felt using eyeglasses. This kind of errors might be minimal 

and subjective but are worth keeping in mind. 

Future studies should test the SREEQ-R with other impaired refractive error conditions 

and in adults. The previous study by Crescioni et al. [Crescioni et al., 2014] and this 

study has established validity and reliability evidence to support using the SREEQ-R in 

school children in native Americans in Arizona and school children in a specific area of 

London to measure VRQoL. However, in order to be applicable in other populations or 

geographical areas it needs to be reassessed over time periods and geographical locations.  
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Another major limitation is SREEQ-R is that it was only tested in the English language 

and in order to use it globally in variety of cultural settings, detailed linguistic validation 

process using a standardized instrument translation method is required. 

 

5.12 Conclusions and Implications for Practice 
Our results provide further evidence that the SREEQ-R questionnaire is a valid and 

reliable measure of refractive error correction (improvement in VRQoL) in school age 

children with myopia in London. This instrument has several advantages proven by 

Rasch analysis and good has clinical applicability. Based on the Rasch analysis of the 

SREEQ-R data, its recommended that future studies should focus on testing it in different 

age groups and refractive error conditions apart from myopia before being used. 

Developing and testing among those diagnosed with a cataract or other conditions 

associated with impaired vision, is essential to ensure generalizability of our findings. 

Since this questionnaire was only developed and tested in English language, it should be 

translated and reevaluated for validity and reliability before being administered in other 

countries or different language/cultural patient populations. With the help of threshold 

maps and person-item where items and person are both on the same continuum scale, its 

useful for clinicians to describe probable impact on vision-related activities and in 

guiding patient expectations regarding disease progression or treatment benefits. Future 

directions involve developing a scoring template/mechanism to improve the 

interpretability of the results obtained from this SREEQ-R and improve its usability in 

clinical practice. This would involve further consideration: qualitative research and 

clinical anchoring. 
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Appendix A- SREEQ-R Questionnaire used in the survey 
 

Student Refractive Error and Eyeglasses Questionnaire: Myopia 
 
Consultant:  Annegret Dahlmann-Noor annegret.dahlmann-noor@nhs.net  
 
For children  

• age 6 to under 18 years with myopia and wear glasses 

• who, with glasses, have a visual acuity of 0.1 logMAR or better in at least one eye 

• who do not have any other eye condition that would impair vision in both eyes, such as 
retinal dystrophy, glaucoma, amblyopia, cataract, keratoconus 

 
Page 1: To be completed by the optometrist or orthoptist 
 

Date:  Site   Ethnic background: White  

      Asian/British Asian  

Age:      Black/Black British  

      Mixed  

      Other  

      Prefer not to say  

        

        

        

 

 

Unaided VA Sphere Cylinder Axis 

Best-
corrected VA 

(Last 
available) 

 
Right 
 

     

 
Left 
 

     

 
Please turn over to page 2: To be completed by the child 

 

 
PLEASE RETURN FULLY COMPLETED FORMS TO  

A Dahlmann-Noor 
Consultant Ophthalmologist 

Moorfields Eye Hospital 
162 City Road 

London EC1V 2PD 
- THANK YOU - 

 

mailto:annegret.dahlmann-noor@nhs.net
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To be completed by a parent/carer (please select Yes or No) Yes No 

I agree that my child may complete this questionnaire.   

 

These questions ask about what it is like  
when you ARE NOT wearing your glasses. 

All of the 
time 

Some of 
the time 

None 
of the 
time 

1. When I don't wear my glasses, I have problems seeing clearly.  O O O 

2. When I don't wear my glasses, my vision is blurry. O O O 

3. When I don't wear my glasses, I have to squint to see things clearly. O O O 

4. When I don't wear my glasses, I have problems seeing the 
computer or video games clearly. 

O O O 

5. When I don't wear my glasses, I have problems reading. O O O 

6. When I don't wear my glasses, I have problems seeing the board, 
at the movies, or other things far away 

O O O 

7. When I don't wear my glasses, I have problems recognizing people 
across the street or down the hall. 

O O O 

8. When I don't wear my glasses, I get headaches or my head or eyes 
hurt when I read. 

O O O 

9. When I don't wear my glasses, I feel dizzy. O O O 

10. When I don't wear my glasses, things look distorted, slanted or 
double. 

O O O 

 

These questions ask about what it is like  
when you ARE wearing your glasses 

All of the 
time 

Some of 
the time 

None of the time 

1. When I wear my glasses, I have problems seeing clearly. O O O 

2. When I wear my glasses, my vision is blurry. O O O 

3. When I wear my glasses, I have to squint to see things 
clearly. 

O O O 

4. When I wear my glasses, I have problems seeing the 
computer or video games clearly. 

O O O 

5. When I wear my glasses, I have problems reading. O O O 

6. When I wear my glasses, I have problems seeing the 
board, at the movies, or other things far away. 

O O O 

7. When I wear my glasses, I have problems recognizing 
people across the street or down the hall.  

O O O 

8. When I wear my glasses, I get headaches or my head or 
eyes hurt when I read  

O O O 

9. When I wear my glasses, I feel dizzy. O O O 

10. When I wear my glasses, things look distorted, slanted 
or double.  

O O O 

Thank you for taking the time to answer these questions! 
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