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Abstract

The authors present their experience using Kern's Six Step Process in developing an asynchronous e-
learning module targeting gaps in foundational knowledge at an early stage in the clinical rotation.
Toward the goal of increasing efficiency in the learners’ mastery of critical RNFL Thickness OCT
analysis, learners showed improvement on the post-test of foundational concepts as part of the formal
needs assessment and provided positive feedback. The process and concept are analyzed in relation to
contemporary educational theory including critical thinking in clinical reasoning, Bloom’s taxonomy of
cognitive development, and cognitive load. This process could be upscaled to target more concepts for
learners throughout the world by developing a web-based delivery application. For context, the pretest
and video portion of the learning module are presented.

Keywords

clinical rotations, critical thinking, curriculum, learning modules, Retinal Nerve Fiber Layer (RNFL)
Thickness

Introduction

Critical thinking is a desirable skill in optometric clinical learners. The 2019 ASCO Optometric Education
Global Summit identified recruitment of students who exhibit critical-thinking skills as one of the
opportunities in future development of optometric education." Critical thinking is often identified as a
component of clinical reasoning,” and clinical reasoning is a goal of most, if not all clinical curricula
throughout the world.

The National Council for Excellence on Critical Thinking and Education Reform defines critical thinking
as “...conceptualizing, applying, analyzing, synthesizing and/or evaluating information...as a guide to
belief and action.” These action words are consistent with Bloom’s Taxonomy of Learning, with cognitive
skills like application, analysis, synthesis and evaluation positioned higher on Bloom'’s hierarchy. These
more advanced abilities are built on top of the foundational skills of knowing, remembering and
comprehending.*

Generally, this framework is layered so that the higher on the taxonomy a learner climbs, the greater the
mastery of the topic of regard, while attaining the lower levels often helps in attaining the upper levels.®
An optometric curriculum should be designed with this layering in mind, first calling for knowing,
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remembering and comprehending foundational concepts before moving on to the higher cognitive skills
which allow for critical thinking and clinical reasoning.

A natural conceptual division of pedagogy in optometric programs is classroom learning vs experiential
learning in the clinic. Ideally, all taxonomic levels of regard should be taught in the classroom learning
phase of the curriculum, while the higher taxonomic functions are reinforced during clinical rotations. But
there is a caveat that the learning or relearning of foundational knowledge will be facilitated as needed
before moving on to guided and intentional practice the learner needs to master those higher functions.

By the clinical phase of the education process, the lower taxonomic strata tend to become known simply
as “background knowledge,” and two things may be evident to clinical preceptors about background
knowledge. First, background knowledge can and should be itself layered with simpler concepts
preceding higher concepts. Though intuitive enough, this principle of building complexity over time
decreases the intrinsic cognitive load which is thought to enhance learning.® Second, clinical preceptors
are often faced with handling knowledge gaps as some learners may not always present with adequate
foundational knowledge. In that event, the preceptor’s responsibilities include helping the learner identify
any gaps in foundational knowledge that interfere with clinical reasoning, assisting in correcting those
knowledge gaps, and facilitating the higher levels of clinical reasoning that follow.

Figure 1: Kern's 5 Step Approach to Medical Cuniculum Dovelopment. Adasted from
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Figure 1: Kern's Six Step Approach to Medical Curriculum
Development. Click to enlarge

From this perspective, the clinical educators at three optometric clinics within the VA llliana Healthcare
System set out to ensure their students begin the clinical rotation prepared to maximize development of
critical thinking as it relates to a single clinical skill — interpretation of retinal nerve fiber layer thickness
(RNFLT) optical coherence tomography (OCT) — by utilizing Kern's Six Step Approach for medical
curriculum development.” Kern’s approach is presented in Figure 1. The three involved clinics are in
different geographic areas within Central Illinois and host clinical learners from five different schools of
optometry, each school with a different start date for clinical rotations and two of the three clinics hosting
students from multiple schools simultaneously. Depending on the school, rotations lasted 3 to 4 months.

Step 1. Informal Needs Assessment

Some, but certainly not all, students send a letter of introduction to their assigned optometry clinic prior
to a clinical rotation. Unfortunately, this is often the only information the preceptor receives regarding the
learner’s educational progress, strengths and weaknesses.

Anecdotally, within these introductory letters, learners sometimes indicate OCT interpretation as a self-
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assessed target area of growth. There may be three reasons for this. First, the presence of OCT in
optometry clinics in the US has become ubiquitous and OCT sales world-wide are increasing,’ therefore
there is a need for clinical trainees to have mastery of this technology. Secondly, critical analysis of OCT,
particularly RNFLT OCT, requires a high degree of training and critical thinking to discriminate against a
host of potential confounding factors.”*****? Lastly, teaching experience in these clinics suggests that
learners are unable to interpret these scans competently. Improvement in foundational understanding
would be helpful, with the ultimate goal of overall skill mastery.

Critical analysis of OCT requires higher level taxonomic functions that are likewise reliant on lower levels
of background knowledge, with mastery often depending on clinical experience. One aspect of the
informal needs assessment included observation of and conversation with clinical learners. This led the
authors to devise, by open conversation, a list of four concepts that could be considered foundational to
the higher-level skills of critical OCT analysis. These four foundational concepts are represented in
Table 1.
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Table 1: Four concepts identified to be foundational to
mastery of critical analysis of RNFLT OCT. Click to enlarge

One concept that must be understood for much of this critical analysis is scan location. It was observed
that clinical learners are apt to think the RNFLT scan is a scan of the nerve head itself rather than a
circular, peripapillary scan. After all, the scan and resulting graph are presented in a linear fashion and
so a circular RNFL scan is not as intuitive as a macular scan, for example. This discrepancy may be due
to the clinical learner’'s understanding that a macular scan is typically acquired as a line raster vs the
RNFL scan which is acquired in a circular fashion. Therefore, this knowledge gap could be an
unperceived need for clinical learners, as they may have never questioned if these scans are acquired
differently.

Another foundational skill that can be challenging for clinical learners, but vital for critical analysis, is the
identification of retinal blood vessels in the RNFLT scan. This is an important skill as vessel branching
pattern may play a role in RNFLT****** and many small artifacts will be found adjacent to blood

VeSSG|S 15,16,17,18

Similar to being able to identify retinal blood vessels and adjacent artifacts, it is crucially important for
clinical learners to correlate a potential artifact from the scan with the location on the corresponding
graph. This skill was included in the list of necessary foundational concepts.

Lastly, the authors identified RNFL identification, or differentiation of RNFL from non-RNFL, as a
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foundational skill often underdeveloped in early clinical learners. This is important because segmentation
errors are a significant source of artifact in RNFLT results and need to be examined critically.*® This can
only be done if the clinician can identify the RNFL without relying exclusively on automated
segmentation.

Step 2. Formal Needs Assessment of Targeted Learners
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Figure 2.Questions adapted from the formal
needs assessment. The pretest questions and
posttest questions were the same. The answer
key was not shared with the learners.
RNFL=Retinal Nerve Fiber Layer. OCT=Optical
Coherence Tomography. Click to enlarge

As part of the formal needs assessment prescribed by Kern et al.,” the authors developed a test to
evaluate the clinical learners’ understanding of these foundational concepts. This test has been adapted
for publication and is presented in Figure 2. Early versions of the test were paper-based, but a
computer-based version was subsequently developed and administered using standardized images. The
earlier paper test presented questions as text and allowed respondents to circle labels and draw arrows
to structures. This modality was abandoned in favor of the more standardized computer version which
presented textual questions provided as multiple choice or multiple response multiple choice. To
determine if current teaching strategies were effectively remediating these concepts, the test was given
to a cohort of eight students as a post-test at the completion of rotation through the VA llliana clinics. In
this way, if a learner failed a question or indicated low confidence with a correct answer, it showed that
not only did the learner likely enter with a knowledge gap, but that knowledge gap was not effectively
remediated during the learner’s rotation. If a learner correctly answered the question and noted high
confidence with the answer, that student was identified as having passed that question. Participation was
voluntary and students were made aware that the results would not impact their summative evaluation
for the rotation. The results of this phase of the curriculum development are shown as rates of those
learners who passed each question in Figure 3 and show some knowledge gaps persisted throughout
the rotation. These results prompted the development of a teaching strategy to target these knowledge

gaps.

With the understanding that participation was voluntary and the results would not impact summative
assessment for the rotation, the test was then administered as a pretest at the start of the rotation for
subsequent cohorts totaling 14 clinical learners. As seen again in Figure 3, a lower percentage of
learners passed each of the tested concepts than for the previous cohort who took the test at the end of
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the rotation. These results indicated two important findings: 1) students were starting with knowledge
gaps in these foundational concepts, and 2) despite some knowledge gaps persisting for some students,
completing a rotation through a VA llliana optometric clinic was overall helpful in bridging these gaps.
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Figure 3: Passed Pretest vs Posttest with and without
Targeted Intervention Grouped by Learning Objective. Click

to enlarge

It is important to highlight that this test assessed foundational knowledge, the knowledge needed to gain
the skills necessary to critically analyze the RNFLT OCT, rather than assessing the skill of critical
analysis itself. Assessing critical-analysis skills was outside of the scope of this curriculum.

Step 3. Goals and Specific Measurable Objectives
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Table 2 Learning objectives developed for the learning
module on RNFLT foundational concepts. Click to enlarge

With the goals of shifting the learning curve and helping clinical learners conceptualize data presented in
the RNFLT OCT report, learning objectives were developed. They were written in the SMART Goals
format, being Specific, Measurable, Achievable, Relevant and Timebound.*** These learning objectives,
based on the targeted foundational concepts, are listed in Table 2.

Step 4. Educational Strategy

The formal needs assessment underscored the need for remediation at the start of a learner’s clinical
rotation. However, the authors found it unrealistic to personally remediate each student at the beginning
of each rotation because each clinic has multiple students from different schools, and students from
different schools have different rotation start dates yielding an unreasonable teaching workload in a busy
clinic.

As a solution, an asynchronous e-learning module was chosen as the best educational strategy. The
video portion of the module was created by the lead author, using Heidelberg Spectralis OCT images
obtained through informed consent and processing those images through Procreate on iPad Pro.
Animations were also added using Procreate and a second-generation Apple Pencil. Both testing and
the learning module were delivered to participating learners using web-based teaching.
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Both the pretest and the learning module have been edited for a wider audience and are available for
review by readers. The pretest/post-test questions and answer key are shown in Figure 2, while the
video portion of the learning module is presented as Figure 4.

https://journal.opted.org/wp-content/uploads/2025/11/FA25P260Figure4-1.mp4

Figure 4. Video portion of learning module. RNFLT=Retinal Nerve Fiber Layer Thickness. Click to play.
Step 5. Implementation

To minimize the impact of guessing correctly on multiple choice questions, success was defined by
simultaneously answering a question correctly and also indicating high confidence with that answer
(questions one and two). Students who failed any question of the pretest were invited within the
orientation period of clinical rotation to participate in the e-learning module.

Step 6. Evaluation and Feedback

The learning module included knowledge checks on all targeted concepts. These knowledge checks
included the same questions as before and acted as a post-test at completion of the learning module.
Following module completion, all students successfully identified the fundus location of the RNFL scan.
Improvement from pretest scores was seen for all other questions. Figure 2 also shows these results
compared to results of pretest and post-test without intervention.

Flgure 5. Results from seven participamis who evaluated the lsarmang module

Sa Thg gasts of (i lasrerg S Ths baarring mocuis
moculas a ety weled Increaass my undensteading ol
e inpicn preasnisd

Seabul
b Matrpsdng s e lperng 5. POleGiag 8 e
moduie greas e loandabonal lndrmng ey al
s ~Bia1om b vy - prachea
B Shcagy dhnagee
I 5, for hs stmbemrent, “The goaks of Mis Keimng aolity o o eaiy slaked " 57% of respordens

sironghy agresd, 4% agresd, [P wee neiral 0% diagress, and 0% sirong by disagresd. In B,

Tor I mtwemment, “This lnarming mosuls nore rxtardding ol the mpics pressisd,” 5T%
o iz b shueply ageed 2% o s, 1% o sl | el % strusgly
RSB, I 52, o9 I SIBliaTHend, P MLeaaling i les 4D OO SRS T4 T BnakTsonal
ncsdeddgs (Tai othar conoepis con be bk upon, ™ 43% of sesponoens shonghy ngresc, 5T% agmsd
O wore risaieal Madingraed . wnd 0% stongly desgred, In 34, & fhe silemeani. " Particpring
TG KEeng sclvily will Frifosrion 1wy | pracies © 14% of nispandaits shiongly agrsed 25%
agread, O weene neutral, 0% dsagied, and I8 srongly desgresd

Figure 5: Results from seven participants who evaluated
the learning module. Click to enlarge

Learners who took the pretest, completed the module, and took the post-test were also invited to share
their perceptions of the learning module. Seven of eight students provided feedback, and the results of
this feedback (Figure 5) were positive. These evaluations demonstrated that: the learning goals were
clearly stated, there was strong agreement the module was helpful, the skills covered were those that
other skills could be built on, and the targeted concepts are important to clinical practice.

Kern's Six Step Approach advocates for curriculum evaluation to promote continuous improvement.
Despite the positive feedback from students, evaluation of test results shows a trend that will need to be
addressed in future iterations of this module as it is clear the module targets two of the four concepts
disproportionately. While the concepts of fundus location of the RNFL scan and blood vessel
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identification showed marked reductions in knowledge gaps following participation in the learning
modules, gains made for the other two concepts — relationship between scan and graph as well as RNFL
identification — were less robust. Because the pretest, learning module and post-test were all
administered within the first 2 weeks of the rotation, no doubt, the failure rate would continue to drop by
the end of the rotation. However, the goal here is to minimize knowledge gaps at the rotation’s start, so
revising this learning module further would be advisable.

Discussion

Speculating on why knowledge gaps persist past the classroom phase of education is difficult. There are
many possible reasons a student may move into clinic with deficiencies in background knowledge. One
possible source of these knowledge gaps is prioritization. With so many different modes of practice
awaiting the clinical optometric learner, including primary care, disease, contact lens, low vision,
pediatrics and binocular vision, it would be difficult for any educational program or any learner to
effectively prioritize the information that will be most needed for an individual clinical rotation from the
vast breadth of topics taught. Other reasons may include individual learner inefficiency or a lack of
review prior to rotation start, though further study would be warranted. It should also be considered that
the learners evaluated here are part of the COVID generation of learners, so there is a possibility these
students have knowledge gaps due to disruptions in education caused by the pandemic.

During a patient encounter, when a preceptor probes for prior knowledge and finds the student has a
knowledge gap, the preceptor has three choices. The first is to teach only the prior knowledge. This
means the higher-level concept that should have been taught must wait until the next time it is
encountered in the clinic by that student and there is a chance it will not be. At a minimum, this tactic
delays mastery. The second option is to reteach the concept and then teach the broader concept that is
built on that knowledge, effectively teaching two concepts rather than one. This is not only time
consuming, and often prohibitively so, but also serves to increase the intrinsic cognitive load of the
concept at hand, reducing the chances it will be understood, retained or utilized.** Concepts taught in this
manner may need to be retaught in the future. For this reason, it is widely recommended that clinical
educators resist the urge to teach multiple concepts per patient encounter, instead focusing only on a
general rule.?** The third choice is for the preceptor to assume the role of facilitator rather than teacher
and to assign the foundational concept as homework for the clinical learner to review on their own.
However, assigned learning needs to be assessed to ensure the learning occurred, so this option
requires the preceptor revisit the topic later with the learner. Should this occur in a clinic with multiple
learners, it may only serve to postpone the discussion. The broader topic could then be taught, but at a
time when it is less relevant to the learner as the patient encounter has passed. Again, with this choice,
mastery is delayed. A more efficient solution than any of these might be for the clinical learner to
eliminate the knowledge gap before ever seeing the patient.

Strengths

This pedagogical approach works for several reasons. Targeting these knowledge gaps is important as
they hinder a learner’s journey to mastery of critical analysis of RNFLT OCT results. Classically, this
process of gaining mastery is distilled down to an S-shaped curve.”* This idealized curve is presented
in Figure 6a, with the early latent period representing little to no progress towards mastery, building to
an upward slope representing gains in mastery, before plateauing as mastery is achieved.
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This is a conceptual simplification, but one that helps to illustrate a few simple points. To begin with,
everything that happens before the plateau has the potential to negatively impact the patient as well as
the preceptor. For the patient, the risk of medical error is higher, while the preceptor, whose
responsibilities include patient safety and educating the student, will see decreased efficiency in both of
those tasks. At a minimum, this results in increased chair time and with patient harm resulting in the
worst case. Similarly, a clinical rotation is of a specified duration, and if it ends before mastery is
achieved, then the consequences may be felt by the learner or by society at large, with the learner being
less prepared to reach full professional potential while future patients bear the risk of being cared for by
a provider who is less than maximally prepared. Lastly, as represented in Figure 6b, these scenarios
can be mitigated by shortening the latent period and shifting the curve left.

Shifting the learning curve was a goal of this learning module. Rather than simply “teaching to the test”
by providing the answers to the test questions, this e-learning module teaches concepts. It uses
animations, which have been found in previous studies to be more engaging when teaching medical
concepts.”* Further, it otherwise complies with Mayer's Multimedia Principles to reduce extraneous
cognitive load and facilitate understanding.”**"*

Limitations

One deficiency in this pedagogic approach is the formats used to test the learners were not consistent
throughout. Testing and video delivery evolved over the span of curriculum development with the goal of
maximizing automation. A consistently high level of automation would be needed if implemented in a
larger test population.

Device type is also a limiting factor as some devices may not display graphics as clearly as others.
However, as part of the curriculum assessment, students were invited to share open-response feedback
regarding what could be done to make the module better, and the issues of image size or image quality
were not identified as an improvement opportunity by any participating learner.

Additionally, the video portion of the module is a first draft and needs refining. The current iteration is
geared heavily toward users of the Heidelberg Spectralis OCT, which is employed in all three teaching
clinics. As proof of concept, however, this module succeeds in teaching the targeted topics and is

10
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functional enough even for interested outside users and clinics using OCT platforms other than
Heidelberg.

Some of the pretest questions employed here are, unfortunately, necessarily complex. Earlier versions
involved the learner drawing arrows and circling structures, but this approach was abandoned due to
possible ambiguity in responses. Multi-select multiple choice questions were ultimately designed as they
enabled less variability of answers. The concepts covered here are conceptually complex, which resulted
in multiple choice prompts that were more difficult to understand.

It has been noted that decreasing extraneous cognitive demand improves understanding of the
guestions and concepts. Expecting students to complete this learning while balancing a heavy patient
load is impractical and experience shows this can lead to poor comprehension of the questions and the
learning module. If given after the learner begins seeing patients in the clinic, protected time should be
given to complete the task, or it should be assigned to do after clinic hours. Even so, it should be
expected that there will still be students who require face to face remediation, though the goal is to
minimize this need.

This learning module is designed for learners beginning a rotation in a clinic with a high proportion of
ocular disease as opposed to a contact lens clinic or a pediatric/binocular vision clinic. The participating
VA clinics are heavy in ocular disease. However, only VA clinics were involved and other clinic
modalities, such as private practice clinics or other government administered clinics, may have different
outcomes if implementing such a learning strategy. Similarly, learner outcomes could be impacted by the
students’ rotation experiences preceding the clinical rotation that utilizes this strategy. It is not clear if all
students in all clinics would have the same benefit from this educational strategy.

There are some unanswered questions. First, does starting a rotation with a better grasp on foundational
concepts translate into more efficient mastery of the critical thinking that builds on foundational
knowledge? This is presumed to be the case, but this question was not directly addressed in any of the
steps of curriculum development here. Second, would the lessons learned in this scenario benefit clinical
optometry trainees at large? The authors see evidence for this, but more reporting may be needed. And
third, are there other common gaps in foundational knowledge holding learners back in their progress
towards critical thinking as applied to other concepts and disorders? Here again, the authors believe the
answer is yes, but there is certainly room for further study.

In summary, the authors and students have found this asynchronous e-learning module useful in
remediating the four targeted concepts, setting the stage for more efficient mastery of critical RNFLT
OCT analysis. This pedagogical method shows promise and warrants exploration of a community-based
solution. Utilizing existing online teaching platforms and building a broader curriculum to help remediate
common knowledge gaps, this solution could help clinical learners throughout the world gain mastery
more efficiently. This would help not only the learners but would also improve the experience of both
current and future patients. It might also decrease some of the educational burden contributing to
preceptor burn-out.
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United States.

References

10.

11.

12.

13.

14.

15.

Vitek MA, Wingert TA. Results and Action Plans from an Optometric Education Global Summit.
Optometric Educ. 2022 Fall; 48(1):50-59.

Richards JB, Hayes MM, Schwartzstein RM. Teaching Clinical Reasoning and Critical Thinking:
From Cognitive Theory to Practical Application. Chest. 2020 Oct;158(4):1617-1628. DOI:
10.1016/j.chest.2020.05.525

. Defining Critical Thinking [Internet]. Santa Barbara, CA: The Foundation for Critical Thinking;

c2019 [cited 2024 January 23]. Available from:
https://www.criticalthinking.org/pages/defining-critical-thinking/766

Bloom BS. Taxonomy of educational objectives: the classification of educational goals. New York,
NY: Longmans, Green, 1956.

Adams NE. Bloom’s taxonomy of cognitive learning objectives. J Med Libr Assoc. 2015
Jul;103(3):152-3. DOI: 10.3163/1536-5050.103.3.010

. Young JQ, Van Merrienboer J, Durning S, Ten Cate O. Cognitive Load Theory: implications for

medical education: AMEE Guide No. 86. Med Teach. 2014 May;36(5):371-84. DOI:
10.3109/0142159X.2014.889290

Thomas PA, Kern DE, Hughes MT, Chen BY. Curriculum development for medical education: a six
step approach. 3rd ed. Baltimore: Johns Hopkins University Press; 2015.

Grand View Research. Optical coherence tomography market size, share & trends analysis report
by technology (time domain OCT, frequency domain OCT), by application (ophthalmology,
oncology), by type, by region, and segment forecasts, 2023 — 2030 [Internet]. San Francisco, CA:
Grand View Research; c2025 [cited 2024 Jan 22]. Available from:
https://www.grandviewresearch.com/industry-analysis/optical-coherence-tomography-oct-market
Chong GT, Lee RK. Glaucoma versus red disease: imaging and glaucoma diagnosis. Curr Opin
Ophthalmol. 2012 Mar;23(2):79-88. DOI:10.1097/ICU.0b013e32834ff431

Sayed MS, Margolis M, Lee RK. Green disease in optical coherence tomography diagnosis of
glaucoma. Curr Opin Ophthalmol. 2017 Mar;28(2):139-53. DOI:10.1097/ICU.0000000000000353
Hood DC, Salant JA, Arthur SN, Ritch R, Liebmann JM. The location of the inferior and superior
temporal blood vessels and interindividual variability of the retinal nerve fiber layer thickness. J
Glaucoma. 2010 Mar;19(3):158-66. DOI:10.1097/1JG.0b013e3181af31ec

Moore DB, Jaffe GJ, Asrani S. Retinal nerve fiber layer thickness measurements: uveitis, a major
confounding factor. Ophthalmology. 2015 Mar;122(3):511-7. DOI:10.1016/j.ophtha.2014.09.008
Resch H, Pereira |, Weber S, Holzer S, Fischer G, Vass C. Retinal blood vessel distribution
correlates with the peripapillary retinal nerve fiber layer thickness profile as measured with GDx
VCC and ECC. J Glaucoma. 2015 Jun-Jul;24(5):389-95. DOI:10.1097/13G.0000000000000237
Hood DC, Fortune B, Arthur SN, et al. Blood vessel contributions to retinal nerve fiber layer
thickness profiles measured with optical coherence tomography. J Glaucoma. 2008 Oct-
Nov;17(7):519-28. DOI:10.1097/1JG.0b013e3181629a02

Spaide RF, Fujimoto JG, Waheed NK. Image artifacts in optical coherence tomography

12


https://www.criticalthinking.org/pages/defining-critical-thinking/766

Optometric Education: Volume 51 Number 1 (Fall 2025)

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

angiography. Retina. 2015 Nov;35(11):2163-80. DOI:10.1097/IAE.0000000000000765

Ferrara D. Image artifacts in optical coherence tomography angiography. Clin Exp Ophthalmol.
2016 Jul;44(5):367-8. DOI:10.1111/ce0.12781

Li Y, Tang J. Blood vessel tail artifacts suppression in optical coherence tomography angiography.
Neurophotonics. 2022 Apr;9(2):021906. DOI:10.1117/1.NPh.9.2.021906

Mansberger SL, Menda SA, Fortune BA, Gardiner SK, Demirel S. Automated segmentation errors
when using optical coherence tomography to measure retinal nerve fiber layer thickness in
glaucoma. Am J Ophthalmol. 2017 Feb;174:1-8. DOI:10.1016/j.aj0.2016.10.020

US Department of Health and Human Services, Centers for Disease Control and Prevention.
Writing smart objectives [Internet]. Atlanta (GA): Centers for Disease Control and Prevention; 2018
Nov 21 [cited 2024 Jan 22]. Available from:
https://www.cdc.gov/healthyyouth/evaluation/pdf/brief3b.pdf

Chatterjee D, Corral J. How to write well-defined learning objectives. J Educ Perioper Med. 2017
Oct 1;19(4):E610.

Young JQ, Van Merrienboer J, Durning S, Ten Cate O. Cognitive load theory: implications for
medical education: AMEE Guide No. 86. Med Teach. 2014 May;36(5):371-84.
DOI:10.3109/0142159X.2014.889290

Gatewood E, De Gagne JC. The one-minute preceptor model: a systematic review. J Am Assoc
Nurse Pract. 2019 Jan;31(1):46-57. DOI:10.1097/JXX.0000000000000099

Neher JO, Gordon KC, Meyer B, Stevens N. A five-step “microskills” model of clinical teaching. J
Am Board Fam Pract. 1992 Jul-Aug;5(4):419-24.

Day J, Devers CJ, Wu E, Devers EE, Gomez E. Development of educational media for medical
trainees studying MRI physics: effect of media format on learning and engagement. J Am Coll
Radiol. 2022 Jun;19(6):711-21. DOI:10.1016/j.jacr.2022.03.009

Krishnan N, Brannan E, Hafler J, Brennan-Wydra E, Encandela J. Assessment of a hemodialysis
e-curriculum in postgraduate nephrology education: a pilot mixed methods study. Clin Nephrol.
2022 Nov;98(5):247-55. DOI:10.5414/CN110778

Mayer RE, Moreno R. Nine ways to reduce cognitive load in multimedia learning. Educ Psychol.
2003;38(1):43-52. DOI:10.1207/S15326985EP3801_6

Gooding HC, Mann K, Armstrong E. Twelve tips for applying the science of learning to health
professions education. Med Teach. 2017 Jan;39(1):26-31. DOI:10.1080/0142159X.2016.1231913
Young JQ, Van Merrienboer J, Durning S, Ten Cate O. Cognitive load theory: implications for
medical education: AMEE Guide No. 86. Med Teach. 2014 May;36(5):371-84.
DOI:10.3109/0142159X.2014.889290

Villani V, Bohnen JD, Torabi R, Sabbatino F, Chang DC, Ferrone CR. “Idealized” vs “true” learning
curves: the case of laparoscopic liver resection. HPB (Oxford). 2016 Jun;18(6):504-9.
DOI:10.1016/j.hpb.2016.03.610

Siddaiah-Subramanya M, Smith S, Lonie J. Mastery learning: how is it helpful? An analytical
review. Adv Med Educ Pract. 2017 Apr 5;8:269-75. DOI:10.2147/AMEP.S131638

Jonathan Bradley, OD, FAAO, graduated from Indiana University School of Optometry and completed a
pediatrics and binocular vision residency at Indiana University and a hospital-based primary care
residency at VA llliana Health Care System. He is the optometry student externship coordinator for the
Bob Michel VA Outpatient Clinic in Peoria, IL.

Jessica Johnson, OD, FAAO, graduated from Indiana University School of Optometry and completed an
ocular disease and low vision residency at Jesse Brown VAMC in Chicago. She is the Chief of
Optometry at VA llliana Health Care System in Peoria, IL.

Guadalupe Mejia, OD, FAAO, graduated from Indiana University School of Optometry and completed a
residency in low vision and traumatic brain injury rehabilitation and primary care optometry at the

13


https://www.cdc.gov/healthyyouth/evaluation/pdf/brief3b.pdf

Optometric Education: Volume 51 Number 1 (Fall 2025)

Northport VA in Northport, New York. She serves as the Assistant Director of the William S. Middleton
Memorial Veterans Hospital and Clinics in Wisconsin and lllinois.

Lara Pedretti Staley, OD, graduated from the lllinois College of Optometry and completed 4 years Active

Duty as an Army Optometrist. Currently she is an Optometrist at the VA llliana Health Care System in
Peoria, IL.

14



Optometric Education: Volume 51 Number 1 (Fall 2025)

PEER REVIEWED

Bridging the Divide: Strategies to Improve Equitable
Access to Quality Eyecare Services Globally Through
Collaborative Optometric Education

Parres Wright, OD, FAAO, Diane van Staden, PhD, MPA, BOptom | Optometric Education: Volume 51
Number 1 (Fall 2025)

Abstract

There is an urgent public health mandate facing the profession of optometry. The 2030 In Sight call to
action demands that vision be recognized as fundamental economic, social and developmental issue,
and as part of this, proposes leveraging educational settings in the strategy to end avoidable sight loss.
Despite advancements in optometric education and services globally, inequities in access to quality eye
care persist both within and between countries. Variable training standards and scopes of practice
across the world also contribute to disparities in access to quality care; further exacerbated by
inequitable access to advanced technologies that promote early diagnosis and treatment and mostly
affects institutions in low- and middle-income countries. Collaborative education models between
countries presents a possible solution to addressing these variable resource and training standards, as
well as promoting shared learning. This paper argues that exploring collaborative teaching and learning
opportunities between institutions in contextually differently regions of the world could help support
global goals in respect of achieving equitable access to high-quality eye care and reducing the
unnecessary causes of vision impairment or loss.

Keywords
eye care access, optometric education, scope of practice, teleoptometry
Background

Globally, uncorrected refractive error, which is primarily the responsibility of the optometry profession, is
a significant unmet health need and a major cause of avoidable vision impairment." Despite an increase
in optometric education and services in both the developed and the developing world over the past
decade, avoidable vision impairment remains a public health challenge.” There has been long-standing
inequitable distribution of the burden of unaddressed eyecare needs, with low- and middle-income
countries (LMICs) typically having higher rates of blindness and vision impairment.” Among the main
challenges limiting the coverage and quality of eyecare services, particularly in developing countries, are
the availability of trained human resources and access to appropriate equipment and technologies.’

Optometrists are considered primary eyecare providers responsible for diagnosing, managing and
treating diseases and disorders of the eye and visual system. However, scope of practice variations from
country to country or state to state, result in disparities in the level of care optometrists can provide* both
within and between countries. Even more concerning is that in some countries in the developing world,
there are no established optometry schools, meaning that there isn’'t a steady supply of qualified
optometry personnel entering the health workforce to address these unmet eyecare needs, even where
optometrists are available, essential ophthalmic equipment and consumables to manage ocular
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conditions are frequently unavailable or not in good working condition particularly in the public health
sector of some low- and middle-income settings.®

While the last decade has seen the establishment of new optometry training programs in low- and
middle-income countries,’ training standards may not be immediately regulated due to delays or
bureaucracies in establishing new regulatory authorities for the profession of optometry.” In this paper,
the authors argue that there is a collective obligation facing the optometric community; specifically
optometrists and optometry training institutions, to address the needs and challenges facing the
profession in terms of addressing the unmet eye health needs of populations.

Opportunity exists for training institutions in better-resourced settings to collaboratively support this
broader developmental agenda in partnership with institutions in developing countries as well as other
supports. Collective accountability will promote shared learning as well as elevate the role of all
optometric institutions beyond their primary training mandate, to that of an active participant in the global
fight against avoidable vision impairment and social responsibility to reduce the disparities in access to
guality optometric care.

Discussion
Disparities in Optometric Education and Scope of Practice

Optometric training varies in terms of curriculum content, duration and certification requirements both
within and between countries around the world. In the United States (US), the optometric scope of
practice varies between states as well and has advanced to the point where, in some states optometrists
can now perform certain surgical and laser procedures. However, in most parts of the developing world
where unmet eyecare needs are high, the scope of practice for optometrists is limited to diagnostic level
or in some cases, just refraction. This, coupled with the additional challenge of a limited number of
ophthalmologists to provide secondary and tertiary care, compounds the challenge of unmet needs;
limiting opportunities for early diagnosis and treatment which reduces the risk of avoidable vision
impairment. Similarly, eyecare centers and training institutions in developed countries are generally
better equipped and often have access to state-of-the-art technologies, unlike the reality for most
institutions in low- and middle-income countries. These contextual disparities may inadvertently be
contributing to widening the gap in terms of access to quality optometric care for people everywhere —
regardless of nationality and socio-economic status.

The World Council of Optometry (WCO) describes optometry as “a healthcare profession that is
autonomous, educated and regulated (licensed/registered), and optometrists are the primary healthcare
practitioners of the eye and visual system who provide comprehensive eye and vision care, which
includes refraction and dispensing, detection/diagnosis and management of disease in the eye, and the
rehabilitation of conditions of the visual system”.? In 2024 the WCO revised its previous Competency
Framework for Optometry which categorized optometry into four levels of service starting at Category 1,
Optical Technology, up to Category 4, Ocular Therapeutics, with Visual Function and Diagnostic services
representing Categories 2 and 3 respectively.”**** The WCO now presents five competency domains
reflecting the expected minimum competencies of optometric education programs globally, so
optometrists can make a greater contribution towards meeting future demands of eye care. One of these

domains includes public health.*

The former WCO categories were used to assess the global optometric workforce in the Global Mapping
of Optometry Workforce study. The survey compiled responses from 123 of 152 countries with only 66 of
123 countries meeting the recommended 1:50,000 optometrists-population ratio."* According to the
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study, there was a positive relationship between the prevalence of significant vision impairment and
optometrist-population ratios. Unsurprisingly, countries with low Gross Domestic Product (GDP) had
higher optometrist-patient ratios and greater deficits of optometrists.

Though there are varying levels of practice and scope of practice between countries, globally, one
optometrist serves an average of 20,479 people.** However, in Central Sub-Saharan Africa, a single
optometrist serves 1,198,141, while in Western Europe the ratio is 1:3,877. This highlights the imbalance
disadvantaged developing countries face in terms of addressing unmet eyecare needs, improving
access and providing quality care. Of the 21 Global Burden of Disease (GBD) regions (Figure 1), three
did not have any institution within its countries to train optometrists."* Regions most affected were
Central Asia, Central Sub-Saharan Africa and Oceania."* Approximately half of the countries surveyed
regulate optometry as a profession. Furthermore, optometry was a recognized profession in all high-
income regions, with 34% of countries imposing mandatory continuing professional education to
maintain clinical competency and enforce up-to-date practices."’

Since public health now has a stronger global focus in optometry,*® this should be reflected in the
curricula and training models of optometry programs everywhere, if 2030 global targets are to be met.

Figure 1:Figure 1 Map of the 21 GBD regions.Source:
https://www.researchgate.net/figure/Map-of-the-21-GBD-region
s-GBD-Global-Burden-of-Disease-Risk-Factors-and-
Injuries_figl_233955589. Click to enlarge

The rise in demand for eyecare services

Population aging, along with a greater awareness of rehabilitation options for people with severe vision
impairment, is resulting in a rise in the demand for vision care services in general, and low vision
services in particular. All members of the “Baby Boomer” generation, which includes those born in
1946-1964 will reach age 65 years and older by 2029, bringing the US population over 75 to 12%." This
growth in the aging population in the US mirrors the ever-growing, aging populations globally. By 2030,
one in six people in the world will be aged 60 years or over and will total approximately 1.4 billion
people.™ Putting this in perspective, the over 60 population of the world will double by 2050 and those
over age 80 is expected to triple between 2020 and 2050, reaching 426 million.** This trend started in
high-income countries, like Japan, whose over 60 population has already reached 30%.™ Currently, low-
and middle-income countries are experiencing the greatest change regarding population aging."

With the aging of populations, the numbers of those with vision loss are expected to increase. In 2019 it
was reported that a minimum of 2.2 billion individuals worldwide have some form of visual impairment.®*°
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It is projected that by 2050, 6.95 million people in the US will have vision impairment and 2.09 million
people will have blindness.™ In addition to aging leading to increased numbers of those with vision loss,
studies have also shown that visual impairment is also expected to rise among working-aged adults
worldwide. “In 2019, the highest number of visual impairment associated disability-adjusted life years
(DALYs) among working-age individuals was documented in South Asia, whereas the lowest was
documented in Oceania.” Vision impairment negatively impacts employment opportunities and as such,
the increasing trend of vision loss in working-aged adults is poised to be a global public health concern.*
Optometrists worldwide must therefore be properly, trained, educated and equipped to address these
growing needs preventing and treating vision loss and blindness.

Opportunities for shared learning through teleoptometric education

Given the disparities between how optometrists are training globally, and the potential impacts of this on
widening the gap in terms of equitable access to quality care, finding innovative ways to bridge training
and development gaps between the different regions of the world, may prove mutually beneficial for
training institutions.

Studies have highlighted the lack of access to equipment and technologies as a barrier to delivering
quality eye care in LMICs." The reality is that, given the economic and structural problems facing
developing nations, resource acquisition for eye care must compete with other more pressing health
system demands and may therefore not be a priority. For many of these countries, there is no short-term
fix to address resourcing gaps.

Within this digital age, our world is essentially borderless; meaning that the lack of skilled human
resources, as well as access to routine equipment or diagnostic technologies affecting certain countries
need not be a limitation in terms of providing quality primary eyecare services in any setting. Innovative
strategies such as remote, real-time consultations and the use of diagnostic software applications which
are increasingly being utilized to serve remote communities, can also be employed to support training in
various parts of the world where resourcing is a challenge.

Remote optometry is emerging as a viable tool to address unmet resource and skills needs by using
telemedicine, making access to more specialized services accessible for people in outlying areas, even
in developing countries. Teleoptometry, and by extension teleoptometric education, allows for increased
access to care in remote areas worldwide and increased timeliness of care. It also supports the training
needs of optometry students in developing countries to help them be better prepared for the future of eye
care and rapidly advancing technologies. However, this need not be a one-sided benefit as
underresourced institutions may also have rich lessons to share on creative approaches to instruction
when standard resources are not available, particularly when students are engaging in service learning
outside of the academic center. These innovative models of teaching and learning as well as unique
clinical cases can be a shared learning opportunity.

The post-COVID world removed geographical barriers to shared learning and resistance to virtual and
remote clinical care and training models. Where institutions in the developed world may lack specific
expertise available at institutions in the developing world, various lectures or clinical training can also be
facilitated virtually. Much like learning online has become more commonplace even within the health
professions, institutional collaboration and shared learning using digital technologies at higher education
level is a very real possibility and should rightly be explored particularly in the context of growing needs
and limited resources. Opportunity exists to bridge the access divide in the areas of training and
diagnostic services in underresourced countries, while also creating diversified teaching opportunities
and rich experiential learning opportunities, including international exchanges, for students in high
income countries.
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Where health partnerships exist, support from established partners for improved regulations and quality
standards can help strengthen institutions still in a developmental stage, though both partners stand to
benefit from shared knowledge, clinical cases, etc.

Graduates who make a difference

To build a workforce of optometrists trained to keep up with the burgeoning demand for eye care
requires focusing on recruitment of diverse candidates and constructing robust, innovative training
programs and curricula. To address some of the global challenges in providing high-quality eye care,
insufficient numbers of optometrists, and discrepancies in levels of training the WHO developed the Eye
Care Competency Framework (ECCF).? This framework utilized a wide range of eyecare professionals
from both high- and low-income countries. The aim was “to facilitate eyecare workforce planning and
development by providing a comprehensive set of competencies and activities that encompass the
diverse roles represented by eyecare workers.” This competency framework is a tool to "strengthen the
alignment of the workforce with the population’s needs.” The value of such a framework would be
greatest when designed to be applied to any context, particularly to low- and middle-income countries,
where tools for workforce development are limited.® Learnings from both contexts would be invaluable in
shaping the future of training and scope of practices in various regions of the world; with such guidance
critical in educating and constructing the next generation of eyecare professionals.

Rise in new optometry schools

The world is favorably responding to global calls for increased access to eyecare services, with many
new optometry schools in the US and Africa being opened to address the availability of skilled personnel
to meet the growing eye health needs. Just 15 years ago, only one in four countries in Sub-Saharan
Africa had optometry training programs. Since then, new optometry schools have opened across the
African continent. With the development of new optometry programs across the US, the opportunity to do
teaching and learning differently should be explored, and to include not only a global public health and
developmental mandate within the ethos of training programs, but to further explore partnerships and
collaboration opportunities which strengthen training via hybrid in-person and remote learning within a
global optometry perspective, regardless of country of training.

Conclusion

The disparities in terms of optometric care standards across the world have been well documented. The
authors believe that there is an opportunity for the optometry community globally, specifically optometry
training institutions, to collaborate on improving access to better quality care through innovative training
models and the use of technology. Technology has expanded the realm of what is possible via
teleoptometry. Where resource gaps exist, the proposed use of a teleoptometry model to strengthen a
collaborative public health approach to training could potentially lead to a more highly trained, better-
equipped optometric workforce for all students through shared virtual learning.

By rethinking what we teach, and how we teach in terms of addressing the needs and challenges facing
the profession, we can potentially create rich opportunities for mutual learning, share contextual lessons
in advancing the access and quality of care, and ultimately move closer to the ideal of a single global
standard for optometry education and scope of practice. Finally, the development, use and sharing of
creative options to collectively address the profession’s public health mandate improves equity in access
to care globally, as well as egalitarianism to high-quality eye care.
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Abstract

This study examined the usage, purpose and attitudes of optometry students toward generative Artificial
Intelligence (GAI) and explored their perceptions of Al in general (including both generative and
predictive Al) in optometric practice, patient care and education. Over half of the respondents reported
not using GAI, and most used it rarely or occasionally. Common uses included answering questions,
clarifying complex topics, writing papers and emails, and providing mental health support. While
satisfaction with GAI was above average, perceptions of its impact, efficiency, and accuracy were
neutral. Students acknowledge Al's potential in the industry and are open to using it in their future
practices; however, reluctance persisted, particularly among those who had not yet adopted GAl tools.

Keywords

Al in education, Al in optometric practice, artificial Intelligence, student attitudes toward Al

Introduction

The public release of Artificial Intelligence (Al)-powered tools in 2022, particularly ChatGPT and other
Large Language Models (LLMs), captured global attention. For many, the accessibility to these powerful
Al systems—which mimic key human cognitive processes such as learning, reasoning, pattern
recognition, problem-solving, perception and generating human-like text from prompts—evoked mixed
feelings.”*** There was excitement about the accessibility, vast potential and low cost to consumers
(e.g., LLM-based tools such as ChatGPT), and apprehension regarding their potential to transform
various sectors.*®

Since these initial public releases, numerous Al tools based on machine learning—particularly deep
learning models that enable both generative and predictive Al—have entered the marketplace. Adoption
of Al tools in health care and healthcare education has been equally significant, marked by an increasing
number of students and clinicians integrating Al into their practices, and a surge in companies offering
targeted Al-driven solutions.*"®

Generative Artificial Intelligence (GAl)—a type of Al that creates new content such as text and images
based on large datasets—holds immense promise for transforming learning experiences, enhancing
healthcare communications and documentation, and supporting patient care and practice efficiency.**°
GAI's applications span various domains. In education, it supports teaching by, for example, generating
practice tests and learning by enhancing study strategies, such as summarizing complex materials, and
enabling virtual clinical training simulations. In clinical settings, it can assist with analyzing patient
symptoms and guiding further testing, chart summaries, educating patients, translations and streamlining
healthcare processes (e.g, billing codes, customer service).”**"*
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Predictive Al—a type of Al that uses deep learning to identify patterns, anticipate behaviors and forecast
future events—has shown promise in diagnosing refractive error, predicting the risks of myopia
progression and extracting clinical insights and risk markers from medical images that were previously
considered undetectable, to name a few."***

Al has the potential to augment, rather than replace, the capabilities of students and healthcare
providers by leveraging collective knowledge to improve patient care.**> However, while there is
excitement, there are also concerns, including ethical and legal challenges, the risk of generating
incorrect information, over-reliance on Al leading to decline in cognitive processes and the lack of
preparedness of students and professionals to effectively use Al systems."****’

To fully realize the benefits of Al, future healthcare providers should become conversant with the
technologies that will shape future practice."**** With the increasing integration of technology in
education, particularly the emergence of Al tools, it becomes important to explore their role and impact in
academic and professional settings.*® Given the ubiquity and high adoption rate of these tools,
understanding students’ perception, attitudes and usage patterns of these tools is crucial for
administrators and educators.™

To date, these attitudes have not been systematically examined in optometric education. This study aims
to address this gap by examining optometry students’ usage pattern, purpose of usage and attitudes of
optometry students towards GAI, including their satisfaction, perceived impact and confidence in GAI-
generated answers. Additionally, this study explores how students perceive the applicability of Al in
general (predictive and generative) in their education.

Throughout this paper, GAIl refers specifically to Al systems used by students in their studies, while “Al”
is used as a general umbrella term that encompasses both generative and predictive Al applications.

Methods

All matriculated students at the State University of New York (SUNY) College of Optometry, including
students in the professional optometry program (OD) and graduate students enrolled in the vision
science program were invited to participate in this IRB approved study. Participation was voluntary and
anonymous.

Students were sent an online survey administered through the platform SurveyMonkey. All participants
were provided with an informed consent form outlining the study’s purpose, procedures, anonymity, risks
and benefits.

Participants responded to a series of five-point Likert-scale questions, ranging from Strongly Disagree
(1) to Strongly Agree (5), assessing their perceptions, familiarity and attitudes toward Al in their
professional and academic environments. Participants responded to a confidence rating question
assessing their trust in Al-generated information for learning and clarifying concepts. The question
utilized a five-point Likert scale, ranging from “Extremely Confident” to “Not at all Confident.” Participants
answered two yes/no questions, indicating whether they currently use Al in their studies and whether
they conduct research at the college. Participants responded multiple-response (“Select all that apply”)
guestions to assess for what specific tasks or purposes they used generative Al related to their
optometric studies and how they have used generative Al in optometry school (i.e., Proofreading
professional emails and letters, Composing professional emails and letters, etc.).

Participants also responded to open-ended questions designed to explore perceived benefits of GAI for
optometry students, how creatively they used GAl in their studies, disadvantages or challenges of using
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GAI and an opportunity to express additional thoughts about their excitement or fright over this emerging
technology. Responses to the open-ended questions were using a content analysis approach. Thematic
categories were developed after an initial scan of the data. Themes were also generated by ChatGPT
and compared to those identified by the author. Minor changes to the original themes were made based
on the results of the ChatGPT analysis. Two independent coders, who had no role in survey design,
reviewed all responses and assigned them to the final thematic categories. To ensure consistency, the
coders first practiced on a set of five responses. Once calibrated, they independently coded the full
dataset. Agreement on the primary category was 78%. Any differences were discussed and resolved
through consensus.

Students who reported not using GAl were removed from the analysis of attitudes toward satisfaction,
impact of Al on studies and learning, purpose for using Al and confidence in answers.

Data analysis was conducted using SPSS. Descriptive statistics were used to provide a clear summary
of findings. Differences in mean responses between student groups (e.g., class year, gender) were
evaluated using t-tests or Analysis of Variance (ANOVA) techniques. Categorical variables were
analyzed using the chi-square test to assess associations between groups.

Results
Demographics

The study included respondents from all class years of the professional program, one PhD student, and
one resident, totaling 143 participants or 35% of the student body. The distribution of students in the
professional OD program was as follows: 17.48% (n = 25) were members of the Class of 2024, 17.48%
(n = 25) from the Class of 2025, 16.08% (n = 23) from the Class of 2026, 26.57% (n = 38) from the Class
of 2027, and 20.98% (n = 30) from the Class of 2028.

Regarding ethnicity, the majority of respondents were Asian (52.45%, n = 75), followed by White
(27.97%, n = 40), Black or African American (6.29%, n = 9), Hispanic or Latino (4.20%, n = 6), Middle
Eastern or North African (3.50%, n = 5), Multiracial (1.4%, n=2) , and another race or not listed” (4.2%, n
= 6). There were no respondents identifying as Native American or Alaska Native, or Native Hawaiian or
other Pacific Islander.

Respondents were 72.73% (n = 104) female, 26.57% (n = 38) male, and 0.70% (n = 1) identified as non-
binary. Non-binary respondents were excluded from gender-based analyses due to low sample size.

In terms of involvement with research projects or programs at the college, 88.81% (n = 127) of
respondents were not involved in any research activities, whereas 11.19% (n = 16) were engaged in
research projects or programs.

Overall GAI Usage

When asked if they were currently using GAl in their studies, 57.34% (n = 82) of respondents indicated
they were not using it, and 42.66% (n = 61) reported using GAI in their studies.

Gender and GAI Usage. There was no statistical difference between gender and the use of GAI tools, X
2(1, N =142) = 0.015, p = 0.901.

Class year and GAIl Usage. No statistically significant difference was found between class year and the
use of GAl tools, £2(4, N = 141) = 1.874, p = 0.759.
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Research Involvement and GAI Usage. There was no significant association between being involved in
research at the College and the use of GAl tools, X2(1, N = 143) = .196, p = 0.658.

GAI Tool

The most used GAI tool was ChatGPT, mentioned 32 times, followed by Google Gemini with five
mentions, and Quizlet Al with four mentions.

Frequency of GAI Usage

Among those who reported using GAl in their studies, 34.43% (n = 21) indicated they use it rarely,
34.43% (n = 21) indicated they use it occasionally (monthly), 22.95% (n = 14) use it frequently (weekly),
and 8.2% (n = 5) use it always (daily).

Satisfaction with GAI Tools

Regarding their satisfaction with Al tools aiding their studies, 3.28% (n = 2) were very satisfied, 68.85%
(n = 42) were satisfied, 24.59% (n = 15) were neither satisfied nor dissatisfied, 1.64% (n = 1) were
dissatisfied, and 1.64% (n=1) were very dissatisfied.

Perceived Effectiveness of GAI

When asked about the perceived impact of generative GAI on their studies, 3.28% (n = 2) found Al
extremely effective, 34.04% (n = 16) found it very effective, 62.3% (n = 38) of respondents found it
somewhat effective, while 6.56% (n = 4) found it not so effective. No respondents reported that it was not
at all effective.

Impact of GAI on Learning Experience

Regarding the impact of GAI tools on their learning experience, 13.11% (n = 8) indicated that GAI has
significantly improved their learning and understanding, 55.74% (n = 34) reported that it has been
somewhat helpful in their studies, 31.15% (n = 19) stated that it has had no noticeable impact on their
learning. None of the respondents reported that GAI has hindered their learning and understanding.

Confidence in GAIl Tools

When asked about their confidence in the accuracy of answers provided by GAI models, 4.92% (n = 3)
felt extremely confident, 27.87% (n = 17) felt very confident, 49.18% (n = 30) felt somewhat confident,
18.03% (n = 11) felt not so confident, while no respondents reported being not at all confident.

Use of GAI

Educational Use of GAI
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TABLE1T
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Table 1: Frequency of GAl Use in Studies by Task and
Purpose. Click to enlarge

Respondents reported using GAI for a variety of tasks and purposes related to their studies. Table 1
presents these tasks and purposes, ranked from highest to lowest frequency of use.

Other uses mentioned by students included “create exam questions”, “generating practice questions”,
“study mnemonics”, and “I ask for connections to real life scenarios and ask for ways to understand
things easier.”

Non-Educational Use

Respondents indicated various other tasks for which they have used GAI in optometry school. Table 2
presents these tasks and purposes, ranked from highest to lowest frequency of use.

TABLE 2
Froguancy of GAl Uns by Taxk ared Purpean

Frookeading professonal emarls ond letiers 4% 2
Composing profissional amails and lemes 5T.14% 0
ViriEng resuame and i ketiers 7 1A% 1
Eemving as a remial Realth counsslor 14 29% ]
Craalify pracsarlabon 11.43% 4

Table 2: Frequency of GAIl Use by Task and Purpose. Click
to enlarge

Other usage included “Creating a proper study schedule and workout schedule depending on my goals
Creative GAIl usage
When asked about creative ways in which they have used Al to aid their students, students responded:

¢ “| would ask to explain it how they would to a 5 year old [sic]’

¢ “Downloaded lectures and asked to generate summaries”

¢ “Use it to make flash cards from notes”

¢ “When there is a concept that is hard to understand | ask ChatGPT to break it down in a more
digestable [sic] way”

¢ “Ask questions, making summaries. Solve problem. Help understand complex concepts.”

¢ “| use ChatGPT to provide clarification for certain topics whether it is to dumb it down for me or
provide an analogy to explain it to me in a different way.”

e “Summarizing textbook, reading materisls [sic]”
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Benefits of GAl Use in Education

Students were asked about the main benefits of GAI in their studies. The answers were categorized and
summarized below:

TABLE3
Bensfitz of O&I Use in Educatian

Trwrtos and tapies Fromaney of maponses
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Time Efficiency + Sarves Tiser on REseanch: Provicos quick answars wilhout the noed
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Addtioral Support + 2417 Ancess to information: Provides round-he-clock aooess 1o a
reliable resource for immediale armeens.
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Table 3: Benefits of GAl Use in Education. Click to enlarge
Challenges with GAI Use in Education

Students were asked about the disadvantages or challenges of using GAIl in their studies. The main
challenges identified by students were categorized into the following themes:

TABLE 4
Challersges of SAl ee in Education

Tt s did bopecs Fraguaincy of nspanses

Inaccurate or False Al ofen prowdes tales or insccurie iniomaton. Thes can kead o

Information misirformation [ the responses are nol oross -checked with pediable
sources, making Al less inustwory, especialy for comphe or
advanad opcs

Lamitad Al struggles to compretend and accursbety scdress the geph of
g ot ige resquined In optometry stuces . Shudents ound thel dus o
Complex Topios e specifcity and riche rate of fei Seid, Al's responses. sometizas
ack o depin and procsion nesdod.
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Table 4: Challenges of GAl Use in Education. Click to
enlarge

Al in Professional Practice
Overall Attitudes over Al

As shown in Table 5, respondents generally recognize the impact that Al will have in the future of
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optometry and vision science. Two-thirds agreed Al will significantly impact the future of optometry or
vision science practice (65.67%). Half of the respondents (50%) view Al as a valuable tool for improving
diagnostic accuracy and treatment outcomes. Despite the recognition that Al will impact the profession,
slightly over half of respondents (52%) believe Al will improve optometry and vision care, with a
considerable proportion (40%) remaining neutral.

Feelings Surrounding Al

Student were divided on whether Al developments excite or concern them. Approximately 42% were
neutral and 40% agreed that they were excited about developments in Al. However, student remain
positive about it, with the majority (63%) expressing optimism about the potential benefits of Al in
advancing vision care.

TABLES
Fwicepriona of GAl In Frofmsional Prsctis

R D 1 G TH ) BT L TR TR TR

Table 5: Perceptions of GAl in Professional Practice. Click
to enlarge

Readiness and Educational Needs

Familiarity with GAI technology was considered important by a substantial percentage of respondents
(65%). However, despite the recognition of Al's importance and that familiarity is necessary, more than a
third (34%) of respondents believed that they were not adequately equipped to utilize Al in their future
careers, given their current knowledge of the technology, while 38% were neutral. When asked if GAI
should be part of their education, about half (49%) were unsure, while 38% agreed it should be
incorporated in their training.

Differences by Gender, Al Usage and Research Status

Table 6 shows how perceptions varied by Al usage, gender and research involvement. Respondents
who already used Al were consistently more favorable in their views. For instance, they rated “Al as a
valuable tool for improving diagnostic accuracy and treatment outcomes” higher than non-users (M, ycers
= 3.55 VS, Myhusers = 3.23, p < .05), and expressed greater optimism about Al's potential (M, ysers = 3.83
VS. Myonusers = 3-39, p <.001). They were also more open to incorporating Al into future practice (M, yeers =
3.75 VS. My,nusers = 3.36, p = .01) and less likely to be frightened by Al developments (M, ysers = 2.64 VS.
Myonusers = 3.11, p = .01).
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Gender differences emerged primarily around the importance of familiarity with Al: female respondents
rated this higher than males (Mqepae = 3.73 VS. My, = 3.36, p < .05). Research involvement was linked to
heightened excitement and perceived benefits of Al; those conducting research found Al more exciting
(M = 3.63) and beneficial (M = 3.81), compared to their peers not involved in research (p = .05).

TARLE &
Fariaptmes o L i Frotessiens Fracie by e, &1 Usage s Keseanh Vsl

e e

Table 6: Perceptions of GAl in Professional Practice by
Gender, Al Usage, and Research Status. Click to enlarge

Discussion

The present study aimed to understand the overall usage, purpose of usage, attitudes of optometry
students towards GAI, including overall satisfaction, confidence and perceived impact of GAI generated
answers. Additionally, it explored students’ perceptions of the applicability of Al in optometric practice
and patient care.

GAl Use Rate and Student Perceptions

Contrary to expectations, most respondents (57.34%) reported not using GAI in their studies. This
finding contrasts with other research showing that half of college students use Al in their studies.”® A
plausible explanation could be the timing when students were exposed to GAl, with professional
students being exposed later in their educational careers, whereas college students may have been
introduced to it earlier, possibly during high school. Research also suggests that students’ field of study
explain differences in usage and acceptance of GAI tools. For example, engineering and technology
students show higher usage rates and trust in GAI tools, while medical and health care students showed
less positive attitudes.* Also, specific demands of optometric education, which does not emphasize
writing and editing, may limit the utility of GAI for this cohort. However, a survey of college students
showed that “understanding difficult concepts” was one of the main reasons for using GAIl,”® a trend that
aligns with the findings in this study. As students find creative ways to apply GAl beyond editing and
writing, such as creating practice problems and patient cases, the percentage of users may increase
considerably.”

Surprisingly, there was consistent usage of GAIl across class years and research status at the College. It
was expected that students in earlier years, who might have been introduced to Al during their
undergraduate studies, would have higher usage rates. Additionally, students involved in research were
expected to use GAI more frequently due to its utility in summarizing and editing. Gender was not a
factor influencing Al usage, which contradicts previous research showing that males were more likely to
use ChatGPT compared to females.”"*
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The frequency of GAI usage was moderate, with only 8% using Al tools daily and more than one-third
(34%) stating they used Al tools rarely. Although existing studies suggest higher use rate of Al in
education, these results need to be interpreted cautiously. The documented increase in Al use appears
to be a recurring trend when compared to early reports,”* suggesting that adoption levels will likely
continue to rise as Al capabilities evolve and students become more familiar and comfortable with those
tools.

Satisfaction rates were relatively high, with the majority expressing satisfaction (68.85%) and a similar
percentage (62.3%) finding Al tools somewhat effective. In terms of the impact on their studies, the
majority (55.74%) reported finding Al somewhat helpful, while 31.15% remained neutral. Very high or
very low satisfaction, effectiveness, impact and confidence were rarely reported, and extreme
dissatisfaction or perceptions of ineffectiveness were almost non-existent. Students’ perceptions of
satisfaction, effectiveness and impact may increase as their confidence in GAI responses improves.
Research shows that students’ competence in using Al technologies significantly influences their
learning effectiveness and outcomes.” Students felt somewhat confident (49.18%) in the accuracy of
responses, while nearly one in five felt “not so confident.” This lack of confidence may be due to the
current limitations and error-proneness of GAlI models. By closing this confidence gap, students may be
more willing to adopt GAl as a study tool.***

The tasks for which students use GAl are diverse. Breaking down complex concepts to aid
understanding was the primary purpose, followed by searching for concepts, terms or specific words,
and answering questions. In non-study-related tasks, most students used GAI for proofreading (71%),
composing (57%) professional emails and letters, and for writing resumes and cover letters (37%).
Interestingly, some students even reported using Al as a mental health counselor (14%), an emerging
trend that addresses the surge in the prevalence of mental health disorders, but raises important ethical,
privacy and efficacy considerations.”

Benefits and Challenges of GAI Use in Education

The perceived benefits of GAI for optometry students are manifold, ranging from academic support to
time efficiency and clinical development.

Despite the perceived benefits, the study identified several challenges with GAI use, most notably the
output of false or inaccurate information. Additionally, although Al was recognized by students as
improving time and efficiency, there were concerns about potentially wasting time due to the need to
cross-reference Al-generated content with credible sources. Students also expressed doubts about
GAI’s ability to understand and respond to complex topics. With the continuous and rapid development
of LLMs, this may become a moot issue soon. For instance, a study showed that although ChatGPT
demonstrated a significant decrease in performance as the complexity of questions increased, the model
was still able to reach a passing threshold for the USMLE Step 1 for a third-year medical student.?

Another concern raised by students was the over-dependency on GAl, which could result in a superficial
understanding of material rather than mastery. Intuitively, students grasp the perils of cognitive
offloading, the usage of external aids or tools, including Al, to reduce cognitive workload."*” Overreliance
on these tools can diminish deep engagement, memory formation, independent problem-solving and
critical-thinking, raising concerns about long-term impacts on cognitive abilities." The rate of cognitive
offloading is likely to increase as trust in Al tools increase.” Due to the likely increase and negative
consequences of cognitive offloading, its impact on student performance in optometry school, board
examination and clinical care needs to be closely monitored and proactively addressed. Educators
should consider teaching students when and how to integrate Al in ways that deepen rather than dilute
understanding, and, more than ever, emphasize the importance of deep learning as the foundation to
long-term clinical reasoning and professional growth.
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Al in Professional Practice

The data indicate that most respondents recognize Al's relevance to optometry and vision science,
though the urgency and readiness to embrace it differ significantly. Over half (65.67%) believe that Al will
significantly impact the future of optometry, and half (50%) see it as a tool for improving diagnostic
accuracy and treatment outcomes. Nevertheless, fewer respondents believe Al will fully revolutionize
eye care (42.54%) or feel particularly excited about these developments (41.79%). This pattern suggests
a cautious optimism: many acknowledge Al’s potential but remain skeptical if it will truly be
transformative. Usage of GAI tools was associated with greater excitement and more positive views of
Al's impact on the profession in various measures (Table 6), underscoring the role that personal usage
and exposure to new technologies play in shaping perceptions. Although perceptions may continue to
evolve as Al technology advances and familiarity increases, this finding may also reflect the tendency of
health profession students to adopt Al technologies more cautiously compared to those in engineering or
technology-focused fields.”

The notion that healthcare professionals—particularly in a humanistic field such as optometry—may be
less inclined to embrace Al was underscored by responses to the open-ended questions. Some
participants explicitly stated that “humans, not robots, should be engaged in eye care,” or that they “don’t
care about AlL” In a few more extreme comments, respondents labeled individuals trained with Al tools
as “hopeless” and that the legitimacy of their degrees should be questioned.

Although 58.96% of respondents expressed openness to incorporating Al tools into their future practices,
just over one-third (33.84%) felt that integrating Al was necessary to maintain competitiveness. This
relatively low figure may reflect uncertainty about how Al tools will evolve to enhance efficiency in
optometric settings. By streamlining administrative tasks, Al has the potential to free up optometrists’
time and energy, allowing them to devote more attention to patient care.”® It is important to remember
this study focuses on students. The findings may look different if the same questions were posed to
optometrists active in the field who must deal with mundane administrate tasks. Also, exposure to real-
world Al tools could yield confident responses.

Preparedness is a known barrier to Al usage.”* In this study, only 27.61% of students felt equipped to

utilize Al in their future careers, and only 38.34% agreed that Al should be part of their optometric
education. This finding seems at odds with the 64.92% who view familiarity with Al technologies as
increasingly important. Al literacy will increasingly become essential as Al powered applications infiltrate
the market, shaping the skills and expertise expected of healthcare providers.**

Future Research

This study was limited to students at one college of optometry. Future research should expand to include
perceptions of students from other optometry programs to provide a broader understanding of GAI
usage. Additional studies should investigate potential disparities between GAI usage by optometry
students compared to other health profession students, as well as differences between undergraduate
and graduate student populations. Longitudinal studies should be conducted to monitor acceptance and
usage rates over time, especially as Al models become more accurate and sophisticated. Comparative
performance between GAIl users and non-users should be examined in future studies.

Conclusion

Al is a powerful and transformative technology that is reshaping entire industries—optometry and
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optometric education included. Findings from this study suggest that, while optometry students
expressed optimism toward Al, they remained somewhat reluctant to fully incorporate generative Al tools
into their academic activities and expressed caution about the broader role of Al in future clinical
practice. As Al models evolve, become more accurate and see increasing everyday use, broader
acceptance is likely to follow. This study therefore offers a valuable baseline for observing shifts in Al
acceptance and usage over time. In the meantime, optometry programs face the challenge of
determining how to harness Al's capabilities for both learning and patient care, all while navigating
curricular constraints and ensuring these emerging tools ultimately serve to enhance, rather than dilute,
students’ educational experience. Educators must prepare students not only to use these powerful tools,
but to evaluate them critically, question their outputs and have the wisdom to know when to rely on them.
As Al become more integrated in learning environment, educators should emphasize more than ever the
importance of deep and lifelong learning, clinical excellence and ethical patient care.
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Abstract

VOSH/International chapters have sponsored international humanitarian clinics at many schools and
colleges of optometry in the United States. A clinic was developed by a US-based school and a school in
Panama to provide eye care to the country’s Indigenous Guna population. Besides providing clinical
services, the event was an opportunity to enhance the students’ clinical skills and participants’ cultural
competence. The clinic also developed the clinical research and scholarly skills of faculty members.
Finally, it created an alliance between academic institutions and NGOs to sustain eye care services in
Panama.

Keywords

clinical skills, cultural competence, indigenous population, international education, research, VOSH

Volunteers Optometric Services to Humanity (VOSH/International) has been promoting international
humanitarian clinics staffed by optometrists and optometry students since 1972." Many of these clinics
are international and attended by VOSH and SVOSH (Student VOSH) chapters from the United States
(US) and Canada.” These clinics are generally short-term experiences lasting several days. A key factor
in recognizing, understanding and addressing health disparities among minority populations is the
cultural competence of clinicians; that is, having the knowledge, skills and attitudes to effectively serve
people from different cultural backgrounds.® Cultural competence increases patient satisfaction and
improves the quality of care, while cultural incompetence presents a critical obstacle to achieving
equitable healthcare.**®’

The related concepts of cultural humility and cultural safety are also essential for successful
engagement.®**° Cultural humility emphasizes a clinician’s self-evaluation and self-critique of their own
cultural biases, while cultural safety focuses on the patient’'s experience, creating environments where
they feel safe to express their identity without fear of discrimination. This is particularly relevant when
working with Indigenous communities that have been subjected to continued oppression. For this
reason, successful and ethical engagement with these populations necessitates a “nothing about us
without us” approach, ensuring that Indigenous voices and perspectives are central to the planning,
implementation and evaluation of any care or research.

In this paper, we describe the unique experience of SVOSH chapters from two universities, one from
Puerto Rico and one from Panam@, working together in a humanitarian clinic that applied these
principles. Between May 25 and May 27, 2022, the two academic institutions provided primary eyecare
services to an Indigenous population of Panama. One institution is the Inter American University of
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Puerto Rico School of Optometry (IAUPRSOQ), located in Puerto Rico. This university was founded in
1912, and its school of optometry opened in 1981. The school, accredited by the Accreditation Council
on Optometric Education, offers a typical US-based optometric curriculum.™ More than 50% of the
student body comes from the US mainland, many of which are minority and non-Spanish speaking. The
second institution is the Specialized University of Las Americas of Panama (UDELAS).”” UDELAS
established a 5 year bachelor’s in optometry program in 1997. Nearly all students are Hispanic, of
Panamanian origin and almost exclusively Spanish speaking.

We describe how voluntary eye clinics in underserved Indigenous communities offer significant
opportunities for clinical education and research. When a collaborative approach is taken, these
international clinical activities can foster student confidence in their clinical skills and cultural
competence. Furthermore, they can increase faculty research opportunities, improve access to eye and
vision care for underserved populations and open doors for intersectoral alliances and collaboration.

Background

The Indigenous population of Latin America comprises approximately 50 million individuals, representing
approximately 8% of the region’s population and 12% of the population of Panama. The Indigenous
communities are usually impoverished and suffer significant socioeconomic inequities.” The life
expectancy of the Guna Indigenous group, one of the Indigenous groups of Panama, is about 8 years
below the average for the general Panamanian population.**

The Gunas are the second-largest Indigenous group in Panama. The original Gunas environment is the
archipelago of San Blas, formed by 365 islands. Their economy consists of fishing, farming, clothing
manufacturing and tourism. Due to flooding and poverty, many Gunas migrated to other regions of
Panama. In 1985, they formed a community called Guna Nega (home to Gunas) in Panama City, the
capital of Panama. Guna Nega is a few kilometers away from the new Panama City garbage dump at
Cerro Patacén. This facility was established in 1983 due to the saturation of the old Panama City
garbage dump. Cerro Patacon ceased to function as a proper sanitary landfill and became an open-air
dump, characterized by poor management that generated air, water and soil pollution, as well as
recurring fires and an unsanitary environment for the Guna Nega community. Nowadays, some Gunas
depend on recycling garbage from the landfill for their livelihood. Nearly 1,500 people live in
approximately 125 houses in Guna Nega.™

The Gunas represent an Indigenous community with a significantly different ancestry and cultural
background from mainstream Panamanian society.

In November 2018, the IAUPRSO group visited Panama to provide eye examinations, eyeglasses and
referrals to patients from underserved communities in Panama City who face financial barriers to
accessing eye care. During this visit, we learned about the dire need for eyecare services in the Guna
Nega community. As a result, conversations were held with counselors of the UDELAS and IAUPRSO
SVOSH chapters to plan a visit to Guna Nega in May 2022.

Methods

The authors of this paper, from IAUPRSO, conducted a literature search. We determined that there was
a paucity of research on the refractive conditions and visual impairment of Indigenous populations in
Latin America. The limited literature showed significant healthcare inequities among the Indigenous
populations in the region.*® We decided that examining a sample of the Guna population would
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contribute important information on the visual conditions of an Indigenous population in the Latin
American region."’

The faculty from UDELAS visited the Guna Nega community to learn more about the community and
obtain the advice of the chief of the Guna Nega community, Mrs. Cornelia L6pez, a nurse. Afterward, the
faculty from both academic institutions held three Zoom meetings with the Guna chief. The discussion
with the Guna chief included the perceived needs of the Guna community for eye care, dates and times
of the clinic, the examination site, the consent process, and the overall clinical and research protocol.
Mrs. Lépez consulted with her community in an open assembly and eventually approved the clinic and
study. The study was approved by both academic institutions’ institutional review boards (ethics boards).

For the clinic, IUAPRSO provided seven faculty members (five optometrists, one ophthalmologist and
one optician) and 15 students. UDELAS provided three faculty members (optometrists) and 18 students.
The Panama Lions Club secured the services of an additional local ophthalmologist. Participation in the
project was voluntary, and students received no academic or clinical credits for their involvement. The
clinic volunteers examined 520 patients between May 25 and May 27, 2022. Moreover, the UDELAS
team examined an additional 352 patients from August to December 2022 for 872 patients.

The IAUPRSO and UDELAS students worked side by side at the examination stations. These stations
are listed in Table 1. The group included second-, third- and fourth-year students, and the stations were
assigned based on each student’s expected level of knowledge and skill. In general, most students
stayed with a station for a half day, allowing them to practice the different skills on 10 to 260 patients
during the duration of the clinic, as shown in Table 1. Faculty supervised students to ensure the quality
of their procedures, ask questions or discuss findings. Unusual conditions and observations of particular
clinical interest or educational value were shared with all team members. Clinical data were recorded in
paper form. The paper data was digitalized into an Epilnfo® template by a faculty member from
IAUPRSO and another faculty member from UDELAS." To ensure patient confidentiality, the patient’s
name and date of birth were removed from the raw data before it was transferred to an Excel

spreadsheet for initial organization. The de-identified data were then analyzed using SPSS® version 28.
19
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Table 1: Examination Stations and Average Patient
Encounters per Student for each School. Click to enlarge

The IAUPR provided full international travel scholarships for optometry students with a defined grade
point average. Twelve students (out of 15) from IAUPRSO were eligible and received full international
travel scholarships. The university requires students who received scholarships to write a short essay on
their experience. Since the university promotes internationalization, the essays provide evidence to
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accrediting agencies of the added value of international service activities. The other three students were
not eligible for the travel scholarship and were not asked to write the essay. We read all the student
essays. The responses were aggregated into topics and themes by consensus using the Dedoose®
qualitative analysis software.”

Results

Students’ opportunities to develop clinical knowledge and skills, cultural competence and positive
attitudes toward service

The essays from all 12 students indicated that the experience with the Guna Nega community enhanced
their overall clinical skills and improved their diagnosis of ocular pathologies (Table 2).

The qualitative analysis of the students’ responses related to cultural competence revealed several key
themes (Table 2). Students reported acquiring cultural competence and were particularly impacted by
their first-hand experience with Poverty and the Lack of eye care within the Guna Nega community. They
also acknowledged gains in cultural competence through Interaction with students from UDELAS and by
gaining Knowledge about the Guna culture. Additionally, students valued the opportunity to Practice
Spanish.
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Table 2: Frequency of students’ responses by Themes and
Topics. Click to enlarge

The students’ responses also highlighted a significant emotional and attitudinal impact (Table 2). They
expressed feeling Grateful and a sense of Satisfaction, along with a renewed Value of my profession.
Furthermore, they expressed a willingness to Do another humanitarian clinic in the future. Overall, the
students’ responses demonstrated their perception of improved clinical skills, cultural competence and
satisfaction with their humanitarian work.
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Developing alliances

Humanitarian eyecare clinics provide immediate local services to a limited number of patients. Providing
eyecare services to a larger population continuously requires the work of many concerned individuals
and organizations. These organizations develop agreements and alliances that can sustain the services.
Table 3 summarizes the collaborators, organizations and their roles in the project.
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Table 3: Collaborators and their roles in the
Guna Project. Click to enlarge

As reported in the literature, the success of collaborative work between academics and non-academics
depends on frequent communication of the project’s objectives.”* For example, while the Guna
community leader and the Lions Club’s partners wanted a large number of patients to be examined daily,
we made it clear that the project’s goal was not only to provide eyecare services to the Gunas, but also
to serve as a teaching and research clinic. For that reason, we limited the number of patients per day to
be able to provide comprehensive examinations and reliable data collection using a strict protocol. The
collaborative nature of the project was significantly enhanced because several optometrists were already
members of VOSH/International and Lions Clubs International. These two leading non-governmental
organizations (NGOs) share a common mission of providing eye care to disadvantaged populations, and
this mutual understanding fostered clear and accessible communication between the optometrists and
the organizations’ members.*

Enhancing the research capacity of faculty and students

This project significantly enhanced the research capacity of both faculty and students by providing
hands-on experience in a novel epidemiological study on refractive error and visual impairment among
the Guna people. This research was particularly noteworthy as it explored the prevalence of myopia,
astigmatism, visual impairment and blindness in a Latin American Indigenous group.

Faculty members from both academic institutions played pivotal roles, spearheading the literature
search, protocol development, consent form creation, statistical analysis and the preparation of posters
and papers. Students were actively involved in data collection and transcription into Epilnfo, gaining
valuable practical experience in research methodologies.

The findings from the Guna Project have been widely disseminated across multiple platforms,
showcasing the project’s impact and contributing to the broader scientific community. Early results were
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presented in a poster at the American Academy of Optometry Congress, followed by a Zoom joint
webinar of VOSH/International and the International Educators Special Interest Group of the Association
of Schools and Colleges of Optometry in October 2023.7** More recently, the research was highlighted
in a lecture at the Fifth World Congress of Optometry in June 2025 and has been published in a peer-
reviewed public health journal.*"?**

Beyond academic dissemination, the project actively advocated for the optometry profession. The
initiative was publicized in Franja Visual, the largest regional vision care Latin American publication, and
received a two-page spread in El Nuevo Dia, Puerto Rico’s largest newspaper.?*?*

The project’s funding also facilitated substantial donations to the UDELAS team, including a portable
phoropter, autorefractor, visual acuity charts, prism bars and cycloplegic medications. These resources
will enable the continuation of this vital research program, further solidifying the research infrastructure
and opportunities for future faculty and student involvement.

Providing eye care and clinical education to an Indigenous community

The Guna community leaders distributed 700 examination tickets in advance. Patients were scheduled
for one of the five half-day appointment periods to reduce waiting time. Out of the 700 people invited,
520 attended the clinic (74.3%). Because we originally planned to examine 700 persons, an additional
400 people from the Guna Nega community were invited between August and December 2022, resulting
in 352 additional examinations. Of the total 872 patients seen by the clinic, 638, or 73.2%, were
Indigenous Gunas.

Figure 1: Commemorative poster
distributed to the patients at the Guna
Nega eye clinic in Panama City. Click to
enlarge

Among the Gunas, the mean age was 40.7 years (x 22.3 SD). The youngest Guna patient was 1 year
old and the oldest was 92 years. Only 98 Gunas (15.4%) reported previous eye examinations. The
prevalences of myopia (40.4%), astigmatism (36.6%), visual impairment (41.1%), and blindness (2.5%)
are the highest of all indigenous groups.'’ Despite the high prevalence of visual impairment and
blindness, only 15.4% of had some form of ophthalmic correction. All Gunas needing an ophthalmic
correction received custom-made eyeglasses, ready-to-clip single vision eyeglasses or readers. All
patients who required custom-made eyeglasses received them within 2 months after their examination.
After our refractive correction, visual impairment decreased to 10.0% and blindness to 1.5%.
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Patients in need of further treatment like glaucoma, cataract or pterygia surgery were referred to the
local hospital. One of the patients who underwent surgery was a 9 year-old with congenital cataracts.

About 60% of our sample could read basic Spanish, and 80% could speak Spanish. Informational
banners were present in the examination areas, and the patients were provided with a commemorative
poster (Figure 1) and color brochures with information on refractive errors and common eye conditions
such as cataracts and diabetic and hypertensive retinopathy.

Discussion

The international humanitarian clinic in the Guna community provided a valuable opportunity for
optometry students to enhance their clinical skills and cultural competence. Our findings, based on
student perceptions, indicate that this experience was successful in both areas.

This hands-on experience in a real-world setting allowed them to apply the knowledge and skills they
had acquired in their academic curriculum. These findings align with previous research showing that
students participating in international health electives experience significant gains in clinical knowledge
and skills and consider international health work in their careers.”’

All students in the project at IAUPRSO took a required, first-year, two-semester course in cultural
competence taught by the first author (Table 4).* The 2.5-day Guna clinic provided a real-world
opportunity for students from IAUPRSO to apply the knowledge and skills they learned and developed in
the cultural competence course. On the other hand, faculty and students from UDELAS can provide
long-term, sustainable optometric care to Indigenous communities in Panama.”® The local clinicians can
eventually become cultural safety advocates.
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Table 4: Topics covered in the Cultural
Competence course at IAUPRSO. Click to enlarge

Students’ responses revealed a heightened awareness and understanding of cultural factors influencing
healthcare. This immersion in a different cultural context, including interaction with Panamanian students
and Guna community members, fostered a greater appreciation for diverse perspectives. This is
consistent with a survey of occupational therapy students, who also found that international clinical
activities enhanced their cultural competence by providing authentic experiences that reflected the host
culture.*
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A key factor in the clinic’s success was the collaborative approach taken by all stakeholders. The project
was a joint effort between two academic institutions, multiple organizations like VOSH/International and
Lions Clubs, funding organizations such as the Optometry Giving Sight and the OneSight Essilor
Luxottica Foundation, and critically, the Guna community itself. Decisions regarding eyecare activities
and the study protocol were made by consensus with the Guna community, demonstrating a
commitment to cultural competence and respect for local preferences. The involvement of Guna
community members as interpreters and cultural liaisons was essential for effective communication and
for providing context to patients’ responses.”

This collaboration also had significant benefits for faculty and the Panamanian optometry program. The
project represents the first epidemiological research study conducted by the Panamanian institution,
leading to capacity-building benefits. Faculty from both institutions developed robust research protocols
and manuscript preparation skills. Additionally, Panamanian students gained invaluable hands-on field
research experience. This strengthens the program’s research capabilities and helps to foster a new
generation of clinicians and researchers dedicated to addressing health disparities in indigenous
communities. The value of such international collaboration in epidemiological research has been
advocated by other professions as a means to inform national health policies and understand the
influence of culture on health.**

Conclusions

The Guna project was a collaborative effort between two optometry schools: IAUPRSO and UDELAS.
The project provided comprehensive examinations and refractive corrections to those who needed them.
The students perceived the project as an opportunity to refine their clinical skills. It also allowed the
members of both school teams to interact clinically and socially, learn about the Guna culture and
promote their cultural competence. The project allowed the two academic teams to collaborate and
develop their clinical research knowledge and skills. The results were presented in a peer-reviewed
poster, lecture and journal. Finally, it promoted a local Panamanian network of optometrists, the
university, SVOSH members and members of the Lions Club to work together to provide sustainable eye
care to other Indigenous and non-Indigenous communities in Panama. International clinics like the Guna
clinic can enhance the cultural and clinical skill-building experiences of students in the schools and
colleges of optometry.
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Abstract

Providing effective and timely feedback to students on interprofessional communication skills, particularly
within courses with large enroliment, can be difficult. This study compared faculty to self- and peer
assessments of consultations/referrals written by second year optometry students enrolled in an
interprofessional hybrid course. Results demonstrated that the highest scores were generally seen from
self-assessments, followed by peer, and lastly faculty assessments. Since correlations between faculty
and both self- and peer assessments were weak, more investigation is needed to evaluate how and
when to best use self and peer assessment.

Keywords
interprofessional education, peer assessment, self-assessment
Introduction

Effective interprofessional communication skills are critical in achieving efficient and safe care of
patients.” Written consultation and referral requests are the most common methods by which healthcare
providers communicate crucial patient information.” Poor communication can lead to increased
healthcare costs and delays or even errors in diagnosis.® Thus, it is essential for health professional
students, including optometry students, to practice and receive feedback on writing
consultations/referrals prior to direct involvement in the clinical care of patients. As stated by the
Association of Schools and Colleges of Optometry, schools and colleges of optometry shall ensure that
before graduation each student will have demonstrated “effective communication skills, both oral and

written, as appropriate for maximizing successful patient care outcomes”.*

Providing effective and timely feedback from faculty regarding communication skills can be difficult,
particularly in courses with large student enrollment. Self- and peer assessments have been shown to
serve as learning tools to stimulate student participation, allow students to gain insight into their own
performance, promote self-directed lifelong learning,”® build reflection and self-awareness skills,’ and
provide constructive feedback.” The ability to understand ones’ own strengths and weaknesses through
the process of self-assessment is an important component in health professions training.***?

While self- and peer assessments have been shown to be effective learning tools, there are mixed
impressions regarding their use as an assessment tool.>"***" The goal of this study is to assess for
similarities and differences between optometry students’ self-assessments of written interprofessional
communication skills compared to assessments from peers and faculty to thus evaluate the
effectiveness of self- and peer assessment as a reliable assessment tool in this context.

Methods
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Description of the Course

Team Training in Healthcare | (IPE 6000) is a course at Western University of Health Sciences. During
the Fall 2015 delivery of IPE 6000, the course had over 850 students enrolled across eight health
professions programs (dental medicine, graduate nursing, optometry, osteopathic medicine, pharmacy,
physical therapy, podiatric medicine and veterinary medicine) on two campuses (Pomona, California,
and Lebanon, Oregon) and was mainly delivered online. Students enrolled in IPE 6000 completed
written consultations/referrals based on a case created by faculty from students’ respective professions.
The process and rubric were introduced to students through a video briefing session.

Self- and Peer Assessments
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Table 1: SBAR tool. Click to enlarge

After students uploaded their consultations/referrals onto a Learning Management System (Blackboard),
they were asked to provide self-assessments and anonymous peer assessments from two health
professions students enrolled in the course using a generalized rubric focused on interprofessional
communication skills. Given the randomization process, peer assessments were completed by students
from any of the enrolled eight health professions programs. Thus, the peer feedback could have been
done by an optometry or a non-optometry student. The design of the rubric was based on the SBAR
(Situation-Background-Assessment-Recommendation) tool from the Institute for Healthcare
Improvement (Table 1)* and the core competencies from the Interprofessional Education
Collaborative.* Consultations/referrals written by optometry students only were evaluated in this study.
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Rubric categerias
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Table 2: Rubric categories. Click to enlarge

The specific rubric categories were Situation, Background, Assessment, Recommendation, Roles and
Responsibilities, Organization, Relationship-building and Values and Ethics (Table 2). Ideal descriptions
for each category were provided. For each rubric category, students had to rate performance as
Ineffective, Somewhat effective or Effective. Students were provided with the opportunity to provide
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gualitative feedback for each category, asked to provide an overall rating and encouraged to provide
overall qualitative feedback.

Students subsequently received peer feedback on their own consultation/referral and a video debrief
with overall feedback from the instructor of record (Yumori) was provided after the completion of each
case. Figure 1 summarizes the student perspective of the consultation/referral process.

FHAME - Stuckew paraseiTve of The Conssmaton Teter Tl proc s

Figure 1: Student perspective of the consultation/referral
process. Click to enlarge

Faculty Assessment

Two college of optometry faculty members (Yumori and Napier-Dovorany) completed faculty
assessments on consultations/referrals written by second-year optometry students enrolled in the Fall
2015 delivery of IPE 6000. To reduce inter-rater variability, the faculty members separately evaluated
three consultations/referrals using the same rubric as used by students (Figure 1) and then discussed
scores. After this step, each faculty member then independently evaluated 29 consultations/referrals
using the same rubric. Consultations/referrals were de-identified prior to the faculty assessment process.

Statistical Analysis

With identifying information removed, a total of 58 consultations/referrals written by optometry students
were included for this study. Ten consultations were excluded from analysis due to missing self- or peer
assessments, and 48 consultations/referrals were used for analysis. For each consultation/referral,
optometry students’ self-assessment was given a numeric composite score, with one point for
Ineffective, two points for Somewhat effective and three points for Effective across each of the eight
rubric categories (Situation, Background, Assessment, Recommendation, Roles and Responsibilities,
Organization, Relationship-building and Values and Ethics). This process was used to calculate the
numeric composite score from each peer (two total) and from the faculty assessment. The Peer Average
was calculated by averaging the numeric composite score from both peer assessments. Descriptive
statistics and intra-class correlation coefficient were applied comparing scores between Self and Peer
Averages, Peers (Peer 1 vs Peer 2), Self and Faculty, and Peer Average and Faculty. Scores were also
categorized (23-24, 21-22, 19-20, and 18 or lower) and Cohen’s kappa statistics and 95% confidence
intervals were calculated to assess for agreement between Self and Peer Average, Peer 1 and Peer 2,
Self and Faculty, and Peer Average and Faculty. This study was approved by to the Institutional Review
Board at Western University of Health Sciences.

Results

Overall, mean (SD) composite scores were relatively high (23.5 (0.8) for Self, 23.2 (0.7) for Peer
Average, and 20.7 (2.2) for Faculty), with Self and Peers assessments tending to show higher scores
compared to Faculty (Figure 2).
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Figura I Distribution af consultaticn/referral scores
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Figure 2: Distribution of consultation/referral scores. Click to enlarge

Intra-class correlation coefficients using composite scores were “highest” between Peers (Peer 1 and
Peer 2) at 0.13, followed by Self and Peer Average at 0.12, Peer Average and Faculty at 0.06, and
lowest for Self and Faculty scores at -0.01.

TABLE 3
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Table 3: Inter-observer agreement. Click to enlarge

When composite scores were categorized (23-24, 21-22, 19-20, and 18 or lower), Cohen’s kappa
statistics and 95% confidence intervals were 0.11 (-0.25-0.46), -0.01 (-0.27-0.25), and 0.001 (-0.05-0.05)
for Self and Peer Average, Peer 1 and Peer 2, and Peer Average and Faculty, respectively (Table 3).

Agreement differences between the Peer Average and Faculty scores varied based on rubric categories
(Figure 3). Higher agreement was seen with the Values and Ethics (100%), Relationship-building (98%),
and Organization (91%) categories. Lower levels of agreement were seen between the Peer Average
and Faculty scores on the Assessment (30%), Background (35%), Situation (43%), Recommendation
(48%), and Roles and Responsibilities (54%) categories.
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Figure 3: Percentage of agreement for each domain
between Peer Average and Faculty. Click to enlarge

Discussion
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In this study, which compared self-, peer and optometry faculty assessments of consultations/referrals
written by second-year optometry students within an interprofessional education course, overall, scores
were relatively high, with generally higher scores from self-assessments, followed by peer assessments
and lastly assessments from faculty. The trend of students tending to self-rate their communication
abilities high is common, as seen in by Chu and Woo, where 96% of optometry students self-rated “use
of written and oral communication that is understandable to patients, families and other healthcare team
members” as an area of strength.”® Papinczak, Young, Groves and Haynes highlight that students with
greater self-efficacy tend to score their performance higher and found moderate correlations between
peer assessments and tutor.’ This is similar to our statistical agreement, with the “highest” intra-class
correlation coefficient between peers and lowest between self and faculty. However, given that
stratification was done by category with good agreement in organization, Relationship-building and
Values and Ethics and lower agreement in the SBAR dimensions, there is poor overall agreement. This
difference in agreement is likely due to the shared perspectives peers encompass compared to the
differences in level of development and experience between students and faculty. Over-estimation
common in self-grading may also have been a contributing factor.*

Weak agreement between self-, peer and faculty assessments may also be partly based on differences
across rubric categories, with more agreement seen between peers and faculty in more subjective
categories (Values and Ethics, Relationship-building and Organization). Such categories may thus be
appropriate to assign to peers from an assessment perspective, allowing faculty to dedicate more time in
providing feedback to other sections that perhaps require more experience. While self- and peer
assessments may not align closely with faculty evaluations and self-assessment accuracy can change
over time,”** these strategies offer benefits that should not be overlooked. Self-grading has been shown
to promote self-regulation of learning,”* improve metacognition,* and support lifelong learning,” all of
which are crucial skills for healthcare professionals, including optometrists. Peer assessment helps
students develop critical evaluation skills and exposes them to diverse perspectives, which is essential
for effective interprofessional communication. Both self- and peer assessments allow students to be
more active and motivated throughout the learning process,” especially in lower stakes learning
opportunities. Furthermore, value may lie in the learning process itself rather than in producing scores
that match faculty grading. These methods can serve as powerful complementary tools to faculty
assessment, particularly in large courses where timely, individualized feedback from instructors may be
challenging to provide.

When composite scores were categorized little to no agreement was seen, with the no agreement seen
between self and faculty, between peers and between the peer average and faculty assessments; slight
agreement was seen between the peer average and self-assessments.”” We believe the weak to no
agreement may be due in part to ceiling effects. Trudel and colleagues shared two definitions of ceiling
effects:* the first is “an intervention having limited effect because the population is already at, or near, a
pinnacle point,””® which may fit with our study that involved optometry students, who must be highly
qualified academically in order to enter an optometry program.*®

The second definition Trudel and colleagues reference regarding ceiling effects,” those caused by “the
limitation of an assessment to capture the extent and variance of accomplishment because essentially
the assessment is too simplistic,” is also appropriate. It is possible that the profession-specific case the
second-year optometry students based their consultation/referrals on was too simple and/or the rubric
was not specific or sensitive enough to capture meaningful differences. Selecting a more complex case
and using more specific assessment tools such as checklists, which provide more structured guidance to
students, may correct this measurement problem that limits our ability to accurately assess.*** Other
course-specific characteristics, such as providing more extensive training session” and more detailed
rubric criteria,®® may additionally be influential in students’ accuracy in self- and peer scoring, with faculty
scores as comparison.
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Future directions involve enhancing the rubric design by incorporating detailed descriptors that clearly
define the criteria for each performance level: Ineffective, Somewhat effective and Effective. Capturing
student-specific characteristics such as overall academic performance, gender and self-efficacy and
competency to see whether these affect self-, peer and faculty assessments of optometry students’
interprofessional communication skills may also be helpful. Additional future directions include assessing
optometry students’ performance as they gain more clinical experience, comparing assessments from
and of optometry students across different institutions, and to expand this work beyond the profession of
optometry to allow comparisons between different professions.

It is important to note that based on the course and Learning Management System design, it was not
possible for us to control for which health professional student evaluated which consultation/referral. It
would be exciting to see whether there is a difference in assessments from optometry versus non-
optometry students and furthermore between optometry faculty members (as seen in this study)
compared to faculty from other health professions. Other areas to explore include featuring other types
of clinical cases to see whether more complex cases demonstrate less influence from ceiling effects and
any differences between written and verbal interprofessional communication.

Moving forward, educators should consider implementing a balanced approach that combines faculty,
self- and peer assessments. This multi-faceted strategy can provide students with a more
comprehensive learning experience, fostering critical skills such as self-reflection, peer evaluation and
interprofessional communication. However, it is crucial to provide clear grading criteria and training for
students to maximize the effectiveness of self- and peer assessments.

Conclusion

This study highlights the challenges of relying solely on self- and peer assessments in interprofessional
communication skills training, especially in large courses. The weak correlations between faculty, self-
and peer evaluations suggest students may lack the objectivity or experience to accurately assess their
own and their peers’ performance in these complex skills.

Instructors need to re-evaluate how we use self- and peer assessments, perhaps shifting towards
incorporating more structured assessment rubrics, providing explicit training on evaluation criteria, and
increasing direct faculty feedback, even in large enroliment courses. Thoughts about breaking down
communication skills into smaller, more observable behaviors that are easier for students to evaluate
may be appropriate.

This experience furthermore underscores the need to design activities that specifically encourage
students to calibrate their self-perception against expert feedback. If self- and peer assessment are
maintained as valuable components of an IPE course, students can be advised to reflect on expert
observations and feedback so that they may be more calibrated in future iterations of assessment.

Ultimately, if there is a desire for students to develop effective interprofessional communication skills,
assessment methods need to be valid, reliable and provide meaningful feedback that drives
improvement. This will allow students to become active, self-directed lifelong learners, build reflection
and self-awareness skills and provide constructive feedback, all of which are crucial skills to develop in
optometry and all health professional students.
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Learning
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This Fall issue celebrates the 50th anniversary of The Journal of Optometric Education/Optometric
Education. For five decades this journal has advanced optometric education and served as a platform to
foster collaboration, document innovation and advance pedagogy.

The first issue of The Journal of Optometric Education was published in Winter 1975. ASCO President
Dr. William Baldwin indicated that the journal symbolized ASCO’s commitment to “provide active national
leadership in the quest to strengthen and improve optometric education.” Topics published in the journal
included the cost of optometric education, optometric educator training, clinical training and curriculum.
These topics are still researched and discussed in today’s Optometric Education. The inaugural editorial,
“Why A Journal?”, written by Dr. Norman E. Wallis, Editorial Council Chairman, addressed the impending
changes in the profession of optometry, strides within schools and colleges of optometry to meet these
changes, ASCO's responsibilities to the profession, individual responsibilities of students and faculty to
advocate for the profession, unity within optometric education and the need for a mechanism to
showcase the quality education that trains future optometrists. Although progress has been made in
these areas, they still warrant discussion. The original purpose behind creating Optometric Education
remains relevant today. Many milestones have been met over the years: we have expanded from 10 to
26 schools and colleges of optometry, technology has been integrated into optometric education and
patient care, year-long optometry residencies were launched, accreditation standards were majorly
revised, curriculum innovations have been introduced, and clinical training advancements have been
made. As these milestones were met, Optometric Education documented the profession’s commitment
to advancing evidence-based practice and lifelong learning.

Optometric Education has served as a venue to showcase faculty contributions to optometric education,
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support faculty development, disseminate research and highlight faculty innovation. As optometry
transformed over the years into a primary healthcare profession, the journal supported and recorded its
growth and development. Optometry and optometric education continues to evolve. Optometric
Education will continue to serve as a platform for dialogue, collaboration and sharing. Public awareness
of the profession of optometry, (ASCO’s Optometry Gives Me Life campaign), quality and quantity of the
optometry applicant pool, scope of practice, diversity within the profession, healthcare reimbursement,
workforce shortages and access to care gaps remain challenges. Engaging in the scholarship of
teaching and learning will ultimately help us better serve our students and patients.

As optometric educators, we work together to embrace the opportunities that shape the future of the
profession. There will be new and evolving trends in the upcoming years. Atrtificial intelligence (Al)
applications including education, diagnostics and data analytics will likely influence the approach to
patient care. Changing healthcare models incorporating telemedicine and remote care, scope expansion
and global care warrant discussion. Discussions surrounding artificial intelligence ethics, curriculum
innovation, clinical simulations and virtual reality will be ongoing. Optometric Education remains a
resource to provide educators with innovative teaching models, evidence-based strategies and insights
into emerging trends.

This 50" Anniversary issue celebrates the journal and the people who sustain it. Thank you to the
authors, readers, reviewers and sponsors for your dedication and trust. Thank you to the past editors
whose vision and leadership formed the foundation of the journal and guided us through the decades of
change. As we look to the next 50 years, | invite your continued support of the journal and optometric
education. Share your research, innovations, and your thoughts so that we can continue to collaborate
and develop new ideas to advance the profession.

Optometric Education maintains its status as the only peer-reviewed journal dedicated solely to serving
optometric education. Optometric educators hold a distinctive role because although we are subject
matter experts, many of us lack formal pedagogical training. Nonetheless, we educate future
optometrists with evolving needs in a changing professional landscape. When looking to what's in the
future for Optometric Education, former editor Dr. Aurora Denial stated, “I hope it continues to expand
the body of educational scholarship and remains the leading resource for evidence-based teaching in
optometry. Its continued growth will ensure that future generations benefit from both rigorous research
and innovative practices.” Optometric Education will continue to support us in this journey.

Cheers to the next 50 years!

Dr. Keshia Elder [elderk@umsl.edu], Editor of Optometric Education, is a Clinical Professor and Dean of
the University of Missouri-St. Louis College of Optometry.
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A Legacy of Stewardship

Rebecca Dobrinski, Managing Editor | Optometric Education: Volume 51 Number 1 (Fall 2025)

As we celebrate Optometric Education’s anniversary, we also celebrate the editors whose vision,
leadership and dedication shaped the journal across five decades. Each editorial tenure marks a chapter
in the evolving story of optometric education. Together, they advanced scholarship, expanded
perspectives and upheld standards of excellence. Together, these men and women form a legacy of
stewardship that has kept Optometric Education relevant and vital as our profession continues to evolve.
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