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Abstract 

Introduction: The direct ophthalmoscope is a standard tool for fundus examination but is underutilised in practice due to 

technical difficulties. Although the smartphone ophthalmoscope has been demonstrated to improve fundus abnormality detection, 

there are limited studies assessing its utility as a teaching tool for fundus examination in Southeast Asian medical schools. This 

study explored the perception of medical students' toward using a smartphone ophthalmoscope for fundus examination and 

compared their abilities to diagnose common fundal abnormalities using smartphone ophthalmoscope against direct 

ophthalmoscope.   

Methods: Sixty-nine Year-4 undergraduate medical students participated in the study. Their competencies in using direct 

ophthalmoscope and smartphone ophthalmoscope for fundus examination on manikins with ocular abnormalities were 

formatively assessed. The scores were analysed using the SPSS statistical software. Their perceptions on the use of smartphone 

ophthalmoscopes for fundus examination were obtained using a questionnaire. 

Results: The students' competency assessment scores using the smartphone ophthalmoscope were significantly higher than those 

using the direct ophthalmoscope. A significantly higher percentage of them correctly diagnosed fundus abnormalities using the 

smartphone ophthalmoscope. They were confident in detecting fundus abnormalities using the smartphone ophthalmoscope and 

appreciated the comfortable working distance, ease of use and collaborative learning. More than 90% of them were of the view 

that smartphone ophthalmoscopes should be included in the undergraduate medical curriculum. 

Conclusion: Undergraduate medical students performed better in fundus examination on manikins with ocular abnormalities 

using smartphone ophthalmoscope compared to direct ophthalmoscope. Their positive perceptions toward smartphone 

ophthalmoscope support its use as a supplementary teaching tool in undergraduate medical curriculum. 
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I. INTRODUCTION 

Fundus examination is one of the essential procedures 

which provides information about ocular conditions that 

may compromise the quality of vision and lead to 

blindness (Leonardo, 2018). The direct ophthalmoscope 

(DO) is one of the robust ocular clinical examination 

Practice Highlights  

▪ The smartphone ophthalmoscope is a useful supplementary teaching tool for fundus examination in undergraduate 

medical education. 

▪ Fundus examination is performed at a safe working distance from the patient using a smartphone ophthalmoscope. 

▪ Students are able to detect fundus abnormalities with greater ease and accuracy using a smartphone 

ophthalmoscope compared to a direct ophthalmoscope. 
▪ Students appreciate the collaborative learning through peer discussion of the fundus findings using the smartphone 

ophthalmoscope. 
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tools to be grasped during clinical skill training in 

medical schools as well as clinical practice. However, 

students have difficulty mastering the technique of using 

it  (Kim & Chao, 2019), particularly when they have to 

coordinate their hand movements at a very near distance 

to the patient and close one eye when examining the 

patient's fundus through the pupil  (MacKay et al., 2015). 

They also have to adjust the power of the direct 

ophthalmoscope lenses to get a clearer picture if there is 

a refractive error with the patient's eye or their own eyes. 

Instead of concentrating on detecting fundus findings, 

the students are preoccupied with adjusting the direct 

ophthalmoscope. 

 

Technical constraints may be the main reason for the 

underuse of direct ophthalmoscopes. Experienced 

physicians who use the direct ophthalmoscope may lack 

confidence and frequently miss significant abnormalities 

(Purbrick & Chong, 2015),  causing delayed diagnosis of 

preventable eye disorders and permanent vision 

impairment (Myung et al., 2014). This has led to the 

exploration of alternative tools to overcome some of 

these challenges (Giardini et al., 2014; Kim & Chao, 

2019). Smartphone ophthalmoscope, for example, is a 

breakthrough digital portable retinal imaging system that 

allows medical practitioners to view the fundus with 

high-definition images or video of a routine 

ophthalmoscope examination. 

 

The D-EYE smartphone ophthalmoscope was developed 

by Doctor Andrea Russo in 2015 (Russo et al., 2015). It 

is a small, portable, and inexpensive retinal imaging 

system that can capture retinal images using an 

attachment to a smartphone that uses a cross-polarisation 

technique to reduce corneal reflections. It is integrated 

with the smartphone's autofocus feature to accommodate 

the patient's refractive error.   

 

A. Problem and Rationale 

Fundus examination requires extensive practice to 

develop adequate interpretation skills (Leonardo, 2018). 

Medical students are taught to use the direct 

ophthalmoscope in order to recognise retinal signs of 

life-threatening disorders (Benbassat et al., 2012). The 

International Council of Ophthalmology recognises 

direct ophthalmoscope examination as one of the seven 

core ocular medical education competencies. All 

graduating medical students are expected to recognise 

common abnormalities of the ocular fundus using a 

direct ophthalmoscope (Dunn et al., 2021). However, 

there is a lack of competencies among the medical 

graduates using this tool (MacKay et al., 2015). This 

needs to be addressed as at least 2.2 billion people 

globally have visual impairment or blindness, of which 

at least 1 billion have deterioration in vision that could 

have been prevented if they were screened or detected 

earlier, World Health Organization (2019). Tan et al. 

(2020) reported several favourable studies carried out in 

Italy, UK, and India on the advantages of smartphone 

ophthalmoscopes for fundus examination and 

visualisation of the retinal image. In a randomised cross-

over study done by Curtis et al. (2021) on the ease of use 

of D-EYE smartphone ophthalmoscope versus direct 

ophthalmoscope, 44 Year-one medical students in 

Canada examined the patients' fundus for optic disc 

assessment and compared their findings with the 

respective photographs provided. The ease of use and 

confidence was more significant with the D-EYE 

smartphone ophthalmoscope. 

 

Although the smartphone ophthalmoscope is available in 

Southeast Asian countries such as Malaysia, it is not 

commonly used in public hospitals and general 

practitioner clinics. This is probably due to resource 

constraint issues in developing countries. Moreover, 

there are limited studies assessing its use, in particular, 

there is no literature report on such studies among 

undergraduate medical students in Southeast Asia. 

However, based on the positive findings from the 

literature, it has been proposed that smartphone 

ophthalmoscope be included in clinical skill training for 

fundus examination among undergraduate medical 

students at the university where this study was 

conducted. Therefore, this study was carried out to 

explore the students' perceptions of using smartphone 

ophthalmoscopes for fundus examination and determine 

whether their competencies in fundus examination 

improved using this tool compared to using the direct 

ophthalmoscope. In this study, the D-EYE smartphone 

ophthalmoscope was chosen over the other types of 

smartphone ophthalmoscope due to reasons including the 

ease of data management using the available app facility, 

cost feasibility and convenience. The two research 

questions of the study were:  

1) What were the perceptions of medical students on the 

use of smartphone ophthalmoscope for fundus 

examination?  

2) Was there a difference between students' 

competencies in fundus examination when using the 

smartphone ophthalmoscope compared to the direct 

ophthalmoscope? 

 

The cognitive theory of multimedia learning can be 

applied in the context of fundus examination using a 

smartphone ophthalmoscope. Using a smartphone 

ophthalmoscope, the student can visualise the fundus on 

the smartphone screen. According to the cognitive theory 

of multimedia learning (Figure 1), the students engage in 

active cognitive processing in order to create a cohesive 

mental representation of their experiences based on their 
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recall knowledge of fundus structures and ocular 

abnormalities. This will allow them to integrate the 

findings with other relevant information. They can then 

describe their findings and organise the selected images 

into a "mental model" of the items they are learning. 

Finally, their prior knowledge of ocular disorders is 

incorporated and reconciled with these verbal 

explanations and graphical representations. 

 

 
Figure 1. Cognitive theory of multimedia learning 

 

According to the social constructivism theory, learning 

is social, active and constructed through social 

interaction (Lötter & Jacobs, 2020). Technologies have 

been shown to enhance students' problem solving by 

breaking down complex concepts into sub-problems 

(Kim & Hannafin, 2011). A smartphone ophthalmoscope 

is an appropriate tool for encouraging active interaction 

between the students and lecturer to work on real-world 

problems in the teaching and learning environment. 

When the students perform fundus examination using the 

smartphone ophthalmoscope, they can see the findings 

on the screen together with their peers and the lecturer. 

This will allow them to gain more knowledge and 

understanding as they can discuss and link the new ideas 

in the context of their prior knowledge.  

 

II. METHODS 

The study was approved by the International Medical 

University Joint-Committee on Research and Ethics 

(IMU-JC). Informed consent was obtained from all 

respondents. The nature and purpose of the study were 

explained to them. The respondents were assured of 

anonymity and confidentiality of the collected 

information. 

 

A. Study Setting  

The data were collected from Year-4 undergraduate 

medical students who undertook ophthalmology rotation 

for the academic year 2020/2021, at the University of 

Cyberjaya, Malaysia. 

 

In the fourth year of the medical curriculum, the students 

undertake four major postings (Orthopedic, Family 

Medicine, Psychiatry and a speciality posting) over two 

semesters (Semesters 7 and 8). These are conducted in 

four rotations per year (rotations 1 & 2 in Semester 7, 

rotations 3 & 4 in Semester 8). The speciality posting 

includes Ophthalmology, Anaesthesia, ENT and 

Radiology. The duration of each of these speciality 

posting is two weeks. In the ophthalmology posting the 

students are taught the principles of history taking and 

ocular examination in the Clinical Skill Training 

Department and in the hospital, where they clerk patients 

with eye conditions. Additionally, they learn about basic 

common eye conditions during interactive sessions and 

case-based discussion sessions in small groups. 

However, during the COVID-19 pandemic, the posting 

was affected by lockdown measures. Therefore, the case-

based discussion sessions were conducted online, and 

ocular examination was demonstrated through online 

interactive video sessions. Nevertheless, there was a 

window of opportunity where the students could return 

to the campus physically for a one-week revision. During 

this period, the students practice ophthalmoscopy 

examination on manikins in the Clinical Skill Training 

Department. 

 

B. Study Design 

The direct ophthalmoscope examination technique was 

introduced to the students virtually through video 

demonstrations and during online interactive discussion 

sessions. During the revision week, the students were 

trained for two hours to perform fundus examination 

using the direct ophthalmoscope. For the smartphone 

ophthalmoscope, they were briefed and trained on its use 

for 20-30 minutes. The training was conducted by a 

member of the teaching staff (who is the researcher in 

this study, AMAQ). Following that, the students were 

required to examine various slides of fundus images 

provided in the manikins (M1 and M2).  

 

The selected slides on the manikins represented the 

common pathological fundus findings, i.e. optic disc 

swelling, branch retinal vein occlusion, optic 

atrophy/glaucoma and diabetic retinopathy/ 
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maculopathy. Each student performed the fundus 

examination on M1 and M2 using the direct and 

smartphone ophthalmoscopes separately (approximately 

2-3 minutes on each manikin) on the same day. The 

students were required to fill in their findings based on 

their observation (without discussing with their peers) on 

the formative assessment forms (shown in Appendix 1) 

and indicate the tools they utilised (direct or smartphone 

ophthalmoscopes). The formative assessment form was 

adapted from Mamtora et al. (2018) and had been 

validated by two ophthalmologists in the department. 

 

To avoid bias, all the completed formative assessment 

forms were collected and submitted to another researcher 

(SCF) who was not involved in marking (to remove 

information on the tool used by the student on each 

form). These were then returned to the researcher in this 

study, (AMAQ) for marking. 

 

After completing the formative assessment, the students 

were requested to fill in an online questionnaire 

regarding their perception on the use of smartphone 

ophthalmoscope for fundus examination. This 

questionnaire (Appendix 2) was adapted from Nagra & 

Huntjens (2020). In addition, the students were requested 

to provide the reasons for their suggestions to include 

smartphone ophthalmoscopes or replace direct 

ophthalmoscopes with smartphone ophthalmoscopes in 

the medical curriculum. 

 

C. Data Analysis 

All data were statistically analysed using SPSS version 

23. The paired t-test was used to compare the 

performance of the students in the formative assessments 

using direct ophthalmoscopes and smartphone 

ophthalmoscopes. The number of students getting the 

correct diagnosis using both tools was statistically 

analysed using the McNemar (Chi Square) test (Liao & 

Lin, 2008). The statistical significance was determined 

based on the p-values (the difference is significant if p ≤ 

0.05). The responses of the students in the perceptions 

questionnaire related to the ease of use, confidence, and 

preference were analysed. 

 

III. RESULTS 

Sixty-nine Year-4 medical students participated in this 

study. The demographic data are shown in Table 1. 

 

Socio-demographic data Frequency 

Age 22 7(10%) 

 23 40(58%) 

 24 18(26%) 

 25 2(2%) 

 26 1(1%) 

 28 1(1%) 

Gender 

 

Male 

 

 

 

 

24(34%) 

Female  45(65%) 

Students with refractive error  35(50%) 

Table 1: Demographic data 

 

A. Comparison of Formative Assessment Scores Using 

Smartphone Ophthalmoscope and Direct 

Ophthalmoscope  

The mean scores of the students were higher using the 

smartphone ophthalmoscope (59%) than the direct 

ophthalmoscope (39%). The same trend was observed 

for the students with and without refractive error. The 

results are shown in Table 2. A higher number of students 

were able to make the correct diagnosis for all fundus 

abnormalities using the smartphone ophthalmoscope 

compared to the direct ophthalmoscope. The difference 

is statistically significant (p-value < 0.05). The results are 

presented in Table 3. The data that support the findings 

are openly available in Figshare at   

https://figshare.com/s/d45da87ea42c596e714b 

 

https://figshare.com/s/d45da87ea42c596e714b
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Category (number of students) Tools Mean score (%) (SD) *p-value 

 

All students (69) 

DO 39 (17)  

<0.001 

SPO 59 (16) 

 

Male students (24) 

DO 35 (18)  

0.002 

SPO 53(15) 

 

Female students (45) 

DO 41(16)  

<0.001 

SPO 62(15) 

 

Students with   refractive error (35) 

DO 41(15)  

<0.001 

SPO 59 (14) 

 

Students without refractive error (34) 

DO 36 (18)  

<0.001 

SPO 58 (16) 

Table 2: Comparison of formative assessment scores using direct ophthalmoscope (DO) and smartphone ophthalmoscope (SPO). 

*p-value (paired t-test) 

 

Diagnosis  (%) all students with accurate diagnosis 

(DO) 

 (%) all students with accurate diagnosis 

(SPO) 

*p-value  

 **BRVO  16 (23%)  59 (86%)  <0.001  

Papilledema  30 (44%)  43 (62%)  0.037  

Glaucoma  19 (28%)  43(62%)  <0.001  

Diabetic Retinopathy 

(DR)  

19(27%)  38(55%)  0.002  

Table 3: Comparison of correct diagnosis using direct ophthalmoscope and smartphone ophthalmoscope. 

*McNemar (Chi square) test (Liao & Lin, 2008),  

 **(Branch retinal vein occlusion) 

 

A.  Students' Perceptions on the Use of Smartphone 

Ophthalmoscope for Fundus Examination 

A total of 69 students participated in the online 

questionnaire. All the students appreciated that their 

peers could share the findings with them on the 

smartphone screen. Most of the students (87%) preferred 

using smartphone ophthalmoscopes over direct 

ophthalmoscopes, and 86% felt confident when using the 

smartphone ophthalmoscope. In addition, the 

comfortable working distance was appreciated by 87% 

of the students. The responses of the participants are 

shown in Table 4. 
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Online student evaluation Form  

  

                         Likert scale   

 1= Strongly disagree 2= disagree, 3 = Neutral, 4 =agree, 5= 

Strongly agree  

Section 1   

Perception on smartphone ophthalmoscope use   

1 2 3 4 5 

I feel confident while using it  
1.4% 2.9% 8.7% 56.5% 30.4% 

I feel easy to view the fundus      
0.0% 5.8% 11.6% 44.9% 37.7% 

I feel comfortable when my peer can observe with me the 

findings  0.0% 0.0% 0.0% 30.4% 69.6% 

My hand is steady while I am performing examination   

0.0% 4.3% 20.3% 40.6% 34.8% 

I can pick the finding faster  
0.0% 4.3% 21.7% 42.0% 31.9% 

Smartphone ophthalmoscope  

user-friendly  0.0% 1.4% 7.2% 39.1% 52.2% 

I prefer to use it  

 
0.0% 4.3% 8.7% 40.6% 46.4% 

Online student evaluation Form                      Likert scale    

 1= Strongly disagree 2= disagree, 3 = Neutral, 4 =agree, 5= 

Strongly agree  

 

Section 2  

Efficiency of smartphone ophthalmoscope 

1 2 3 4 5 

It takes shorter duration to detect finding  

0.0% 4.3% 27.5% 33.3% 34.8% 

It has comfortable working distance  

0.0% 0.0% 13.0% 40.6% 46.4% 

I found difficulty in handling it  

10.1% 44.9% 21.7% 20.3% 2.9% 

I think Smartphone ophthalmoscope must be added to the 

medical curriculum  0.0% 0.0% 4.3% 47.8% 47.8% 

I think direct ophthalmoscope should be replaced by 

smartphone ophthalmoscope  1.4% 10.1% 26.1% 33.3% 29.0% 

Table 4: Responses of participants in the questionnaire to evaluate their perception and efficiency on the use of smartphone ophthalmoscope 

for fundus examination 

 

B.  Students' Preference for Types of Ophthalmoscopes 

Most of the students (94%) suggested that the 

smartphone ophthalmoscope be included in the medical 

curriculum, and 62% suggested to replace the direct 

ophthalmoscope with the smartphone ophthalmoscope. 

Their preference was mainly attributed to the efficiency, 

ease of use (for those with refractive error and amblyopia 

(lazy eye)), autofocus function using the smartphone, 

and the possibility of using both eyes to see the images 

on the smartphone screen. In addition, the comfortable 

working distance, ease of cleaning after use and peer 

discussion were cited. Meanwhile, 11% of the students 

suggested keeping direct ophthalmoscope alongside the 

smartphone ophthalmoscope in the curriculum. They 

opined that smartphone ophthalmoscope should be 

included as an additional teaching and learning tool for 

fundus examination but disagreed that it should replace 

direct ophthalmoscope totally as the smartphone 
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ophthalmoscope might not be readily available in all 

healthcare settings. One of the participants commented 

that "eye examination using direct ophthalmoscope was 

thought to be a basic procedural skill that doctors must-

have. Smartphone ophthalmoscope was a newer 

technology that might not be available in hospitals, 

unlike direct ophthalmoscope, which was more 

common".   

 

IV. DISCUSSION 

The students scored significantly higher in the formative 

assessment for fundus abnormalities using the 

smartphone ophthalmoscope compared to the direct 

ophthalmoscope. The findings from this study were 

consistent with those of Kim and Chao (2019) and Dunn 

et al. (2021). In addition, the study also showed that the 

difference was statistically significant regardless of the 

presence of refractive error. 

 

The students with refractive error and amblyopia have 

commented that they found the smartphone 

ophthalmoscope more convenient and efficient than the 

direct ophthalmoscope. They stated that they had 

difficulty using their amblyopic eye when performing the 

examination using the direct ophthalmoscope as they had 

to follow the 'Three R rule' in which students should use 

their right eye and their right hand when examining the 

right eye of the patient at the side of the patient at about 

45 degrees to avoid kissing position with the patient. The 

students with refractive errors highlighted another issue 

that they needed to adjust the direct ophthalmoscope very 

frequently to get a proper and clear view. However, when 

they used the smartphone ophthalmoscope, they were 

able to perform the examination using both eyes, as they 

could view the fundus on the smartphone screen without 

having to close one eye. Fifty percent of the students in 

this study reported they had refractive errors. In the study 

by Al-Rashidi et al. (2018), it was found that 89 out of 

162 medical students (54 %) had refractive errors. In this 

study, a significantly higher number of students obtained 

the correct diagnosis of branch retinal vein occlusion 

(86%) and glaucoma (62%) using the smartphone 

ophthalmoscope compared to the direct ophthalmoscope 

(p-value < 0. 001). 

 

In a study conducted by Mrad et al. (2021) on the 

accurate method for glaucoma screening, they found that 

the D-EYE smartphone ophthalmoscope was more 

accurate for capturing fundus images and assessing the 

optic disc in detecting glaucoma compared to the direct 

ophthalmoscope. In addition, Mamtora et al. (2018) 

reported that it was more convenient and easier to detect 

optic disc and blood vessels using the D-EYE 

smartphone ophthalmoscope. Providing alternative tools 

in medical education could help students learn and 

perform more efficiently during their teaching and 

learning activities. 

 

In our study, 86% of the students felt confident using the 

smartphone ophthalmoscope, and 83% of them found it 

easy to view the fundus. The majority of the students 

(91%) found the smartphone ophthalmoscope user 

friendly, and 73% indicated that they were able to 

identify the findings quickly while using the smartphone 

ophthalmoscope. It has been reported previously that 

medical students preferred smartphone ophthalmoscopes 

to direct ophthalmoscopes and were more likely to make 

correct and faster diagnoses (Nagra & Huntjens, 2020). 

Though mastering the technique of using the direct 

ophthalmoscope is important, it is equally paramount to 

be able to identify the fundus findings accurately. The 

cognitive load theory states that the human working 

memory can only hold a certain number of interrelated 

objects (Chu, 2014). Motivational components can 

enhance student learning by boosting generative 

processing as long as the learner is not constantly 

overburdened with needless processing or diverted from 

critical processing (Mayer, 2014). The technical 

challenges faced while using the direct ophthalmoscope 

could hamper the students' ability to recognise the 

features associated with fundus abnormalities. The 

smartphone ophthalmoscope offers an advantage in this 

context. 

 

In this study, 87 % of the students found that the working 

distance of a smartphone ophthalmoscope was more 

comfortable compared to the typical 1–3 cm working 

distance of a direct ophthalmoscope. This finding was 

similar to the study conducted by Huntjens & Nagra 

(2020), where they found that 92% of the students 

preferred the longer working distance of 20–60 cm of the 

D-EYE smartphone ophthalmoscope. 

 

The use of smartphone ophthalmoscope as a teaching 

tool increases student engagement and enhances their 

learning experience. All students appreciated that their 

peers could observe the findings together with them on 

the smartphone screen. They were able to discuss among 

themselves, as well as with the lecturer. Learning must 

be an engaging and meaningful experience for the 

learners to be productive (Mellis et al., 2013). Learners 

will utilise strategies developed earlier in their training to 

optimise their knowledge and skills through reflection. 

When the students record the fundus images, they can 

discuss their interpretation of findings with the lecturers 

and peers. Feedback from this process will improve their 

learning efforts (Kaufman, 2019). The feedback and 

reflection facilitate the construction of new knowledge, 

as well as strategies for improving the performance as all 
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of them could see the same findings on the smartphone 

screen and discuss accordingly. 

 

In our study, 93% of the students' suggested that 

smartphone ophthalmoscopes should be included in the 

medical curriculum. It was easier for them to see the 

findings without spending a longer time trying to focus 

by squinting and shutting one eye to look for the findings, 

as the image is automatically adjusted in a smartphone 

ophthalmoscope. This has been highlighted as one of the 

advantages of using the smartphone ophthalmoscope in 

medical training and screening in primary care centres 

(Nagra & Huntjens, 2020). Smartphone-based fundus 

image could even replace the direct ophthalmoscope in 

clinical medicine (Wintergerst et al., 2020). In our study, 

out of the 69 students, only eight students (11%) opined 

that the direct ophthalmoscope should not be totally 

replaced with a smartphone ophthalmoscope. From their 

point of view, the direct ophthalmoscope is a must-know 

clinical skill that contributes to their professional 

identity. In particular, the smartphone ophthalmoscope 

may not be easily available in developing countries due 

to resource constraints. The direct ophthalmoscope is one 

of the fundamental skills that all clinicians should be able 

to perform. It is included in the assessment of the final 

year undergraduate curriculum as well as the 

postgraduate membership assessment. (Purbrick & 

Chong, 2015). 

 

With a specific instructional scaffolding strategy, 

smartphone ophthalmoscopes can be used as a prologue 

to the direct ophthalmoscope. Students will be able to 

share the fundus pictures with their peers through the 

screen simultaneously for the same patient during 

clinical practice sessions in packed clinics, without 

having to struggle with the technical challenges of the 

direct ophthalmoscope. As a result, patients will be less 

burdened in terms of examination time, and students will 

be able to evaluate more patients with fundus 

abnormalities in a shorter amount of time. The concept 

of just-in-time learning can be a useful pedagogical tool 

for medical academicians to improve their teaching and 

learning approach in the age of technology. The just-in-

time learning idea uses technology to deliver teaching 

and learning activities, allowing learning communities to 

understand better and practise (Naseem et al, 2019). 

According to Riel (2000), academics continue to play an 

essential role in encouraging learners to apply their 

knowledge effectively. As new technologies emerge, 

educators must prepare students to be lifelong learners 

who are digitally literate and resourceful in their 

application of technology. 

 

 

 

A. Limitations of the Study  

As the study was conducted during the COVID-19 

pandemic, the duration for recruitment and training of 

the students was limited. As a result, the students had a 

shorter period of face-to-face clinical training. This 

limited the student's exposure to performing fundus 

examinations on real patients in the hospital and using 

the various ophthalmoscopic tools. In addition, the lack 

of practice could have affected the students' performance 

in the formative assessment on fundus examination using 

the smartphone and direct ophthalmoscopes. Therefore, 

we recommend repeating this study when the COVID-19 

situation is resolved. 

 

Another limitation of the study was that the students 

performed the fundus examination on the same manikins 

using the direct ophthalmoscope followed by the 

smartphone ophthalmoscope (or vice versa) on the same 

day. This could result in bias in their judgement in 

identifying the fundus abnormalities. Nevertheless, the 

students were reminded to be objective and record their 

findings accurately based on their observations using 

either tool. 

 

V. CONCLUSION 

Smartphone ophthalmoscope is an effective teaching tool 

for improving the skills in detecting common clinical 

ocular diseases. It provides a comfortable working 

distance and promotes collaborative learning by enabling 

peer discussion. It is also convenient for students with 

refractive errors. Therefore, the smartphone 

ophthalmoscope is a valuable supplementary teaching 

tool for fundus examination and is highly recommended 

to be included in the undergraduate medical curriculum. 
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Appendix 1. Formative assessment form (Adapted from Mamtora et al., 2018)  

Name     

Age     

Gender     

Refractive Error    Yes                           

 No  

Part 1:  

Manikin 1 Right 

eye  

   

Allocated 

mark  

          Awarded 

mark  

Optic disc   1  Normal   Swelling   Pale   Not 

sure  

Not  

visible   

  

macula  1  Normal   Hard exudate   drusen  Not 

sure  

Not  

visible   

  

 blood vessels   1  Normal   Dilated   Congested   Not 

sure  

Not  

visible   

  

Retina   1  Normal   Heamorrhage/ 

vascularization   

Drusen/Hard     

exudates/cws  

Not 

sure  

Not  

visible   

  

Diagnosis   1  Normal    Diabetic retinopathy (NPDR/PDR)/   

               Diabetic maculopathy)   

    Glaucoma    

    Papilledema  

    Branch retinal vein occlusion (BRVO) 

  

 

    Age related macular degeneration (ARMD)   

Part 1  

Total  

Mark   

5       

Part 2:  

Manikin 1  

Left eye  

   

Allocated 

mark  

           Awarded 

mark  

Optic disc   1  Normal   Swelling   Pale   Not 

sure  

Not  

visible   

  

macula  1  Normal   Hard exudate   drusen  Not 

sure  

Not  

visible   

  

 blood vessels   1  Normal   Dilated   Congested   Not 

sure  

Not  

visible   

  

Retina   1  Normal   Heamorrhage/ 

vascularization   

Drusen/Hard 

exudate/CWS  

Not 

sure  

Not  

visible   

  

Diagnosis   1  Normal    Diabetic Retinopathy/ NPDR/PDR/ Diabetic 

maculopathy)  

 Glaucoma   

  papilledema   

 Branch Retinal vein occlusion (BRVO)  

 Age related macular degeneration (ARMD   

 

  

 Part 2  

Total  

Mark   

5     

 

 

Part 3:  

Manikin 2 Right 

eye  

   

Allocated 

mark  

          Awarded 

mark  
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Optic disc   1  Normal   Swelling   Pale   Not 

sure  

Not  

visible   

  

macula  1  Normal   Hard exudate   drusen  Not 

sure  

Not  

visible   

  

 blood vessels   1  Normal   Dilated   Congested   Not 

sure  

Not  

visible   

  

Retina   1  Normal   Heamorrhage/ 

vascularization   

Drusen/Hard     

exudates/cws  

Not 

sure  

Not  

visible   

  

Diagnosis   1  Normal    Diabetic retinopathy (NPDR/PDR)/   

               Diabetic maculopathy)   

    Glaucoma    

    Papilledema  

    Branch retinal vein occlusion (BRVO) 

  

 

    Age Related Macular Degeneration (ARMD)   

Part 3  

Total  

Mark   

5       

Part 4:  

Manikin 2  

Left eye  

   

Allocated 

mark  

           Awarded 

mark  

Optic disc   1  Normal   Swelling   Pale   Not 

sure  

Not  

visible   

  

macula  1  Normal   Hard exudate   drusen  Not 

sure  

Not  

visible   

  

 blood vessels   1  Normal   Dilated   Congested   Not 

sure  

Not  

visible   

  

Retina   1  Normal   Heamorrhage/ 

vascularization   

Drusen/Hard 

exudate/CWS  

Not 

sure  

Not  

visible   

  

Diagnosis   1  Normal    Diabetic Retinopathy/ NPDR/PDR/ Diabetic 

maculopathy)  

 Glaucoma   

  papilledema   

 Branch Retinal vein occlusion (BRVO)  

 Age Related Macular Degeneration (ARMD   

 

  

 Part 4 

Total  

Mark   

5     
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Appendix 2. Online questionnaire to evaluate perception and efficiency on the use of smartphone ophthalmoscope for fundus 

examination (Adapted from Nagra & Huntjens, 2020).  

 

 

 

 

Online student evaluation Form  1= Strongly disagree 2= disagree, 3 = Neutral, 4=agree, 5= 

Strongly agree  

Section 1   

Perception on smartphone use   

1  2  3  4  5  

I feel   confident while using it            

I feel easy to view the fundus                

I feel comfortable when my peer can observe 

with me the findings  

          

My hand is steady while I am performing 

examination   

          

I can pick the finding faster            

Smartphone ophthalmoscope is 

user friendly  

          

I prefer to use it            

Online student evaluation form  1= Strongly disagree 2= disagree, 3 = Neutral, 4 =agree, 5= 

Strongly agree  

Section 2  

Efficiency of Smartphone ophthalmoscope 

          

It takes shorter duration to detect finding            

It has a comfortable working distance            

I found difficulty in handling it            

I think Smartphone ophthalmoscopes must 

added to the medical curriculum  

          

I think Direct ophthalmoscope should be 

replaced by smartphone ophthalmoscope  

          


