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44 Number 2 (Winter-Spring 2019)

Abstract

Purpose: To determine whether room illumination affects refractive results and to determine how room
illumination for refraction is being taught at schools and colleges of optometry. Methods: Subjects were
refracted in two rooms, brightly illuminated and moderately illuminated, using a computerized visual
acuity chart. Subjects were surveyed about lighting preference. Teaching institutions were surveyed on
room illumination and the visual acuity chart used during refraction. Results: No significant difference
between refractions was noted. Schools using computerized charts teach students to use moderate or
bright room illumination. Conclusion: Room illumination no longer plays a critical role in refraction due
to use of computerized visual acuity testing systems. This should impact how refraction is taught in the
optometric curriculum.

Key Words: manifest refraction, subjective refraction, visual acuity, illumination

Background

Visual acuity (VA) is the most frequently assessed visual function in the clinical setting. Optimal
refractive correction and the subsequent VA is essential for quantifying sensory function, detecting and
monitoring ocular disease affecting central vision, and conducting clinical research. However, research
on lighting conditions and how they affect VA and refractive error has rarely been performed and has
produced conflicting results. A study by Wozniak et al. examined the effect of room illumination on VA
measurements. Results showed that VA was reduced in non-emmetropic subjects when refraction was
performed in non-illuminated rooms compared to when it was performed in illuminated rooms using a
retro-illuminated Snellen chart.! In contrast, Chen et al. compared results of VA testing with room light
and without room light using three different VA charts and found no difference in VA due to room
illumination. The three different types of charts used were a projector letter chart, a wall-mounted letter
chart and an internally illuminated rotatable Snellen chart.” An early clinical finding by Wiseman in 1956
was that subjective refraction in dark and bright room illuminations produced similar prescriptions using
projector VA charts.® Another study by Chen et al. compared subjective refraction results in two different
room illuminations using the same three VA charts. This second study found no statistically significant
difference in subjective refraction with and without room illumination.* Many parameters of measuring VA
have been standardized, including chart distance, optotypes, chart luminance, instructions on testing
procedures, and scoring the VA result, but little attention has been paid to room illumination and its effect
on refractive results.>®

A search of the current literature on how to refract reveals a lack of updated research and
recommendations on the best lighting conditions to use with computerized VA charts. Many textbooks
are devoted to the topic of the subjective manifest refraction. However, one key element to this process
appears to be missing or outdated. Standardization of the lighting conditions in the examination room
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during the subjective refraction has not been addressed for computerized VA charts. Commonly used
textbooks for teaching optometric students how to test VA and perform subjective manifest refraction
have variable recommendations for room illumination. Some only address room illumination as it relates
to projector VA charts.”® Others recommend the room be dimly illuminated for projector charts and
computerized charts alike.> ' Another text has specific recommendations on chart luminance ranges with
only a generalized recommendation that room lighting be moderate unless the correction will be used
primarily in dim or dark surroundings.*

Observation of students’ clinical exams at ICO revealed that various levels of room lighting were being
used during manifest refraction and binocular balance. lllumination ranged from full brightness to total
darkness. The amount of variation was surprising because the students are taught to use moderate
room illumination in their first year at ICO. The wide variation led the authors to survey ICO faculty and
alumni about their own lighting preferences. The survey indicated that lighting preferences for manifest
refraction vary in both academic and clinical optometric communities. The majority of ICO faculty 79%
(30/38) and alumni 73% (190/260) reported using dimmed medium illumination during refraction. The
majority of ICO faculty who refract in dim illumination reported that they were concerned that too much
room illumination reduced contrast on the chart. The majority of alumni who refract in dim conditions
reported it was their preference not to work in a totally dark room and that a dim room most closely
simulated real-life conditions. Both ICO faculty and alumni who reported a preference for refracting in
bright illumination stated that this lighting simulated real-life conditions.*

Due to the current lack of information in the literature on standardization of lighting conditions for
computerized VA charts, this study was undertaken to determine whether room illumination affects the
final refractive outcome after subjective refraction and binocular balance and whether patients have a
preference for either setting. Also, due to the wide variation in light conditions used by ICO faculty and
alumni for subjective refraction, a survey of the members of the Association of Schools and Colleges of
Optometry Special Interest Group (Clinical Optometric Methods & Procedures Instructors) was
conducted. The survey was used to determine the illumination conditions for refraction currently being
taught at different optometric institutions, reference material used to teach refraction, prevalence of
computerized VA charts, and whether their use has affected how clinical faculty members instruct
optometry students on room illumination.

Methods

Seventy-one subjects were recruited from the staff, student body and faculty of ICO. Each subject had
undergone a comprehensive eye exam in the last 24 months. Any subject who presented with amblyopia
or ocular disease, except for mild dry eye syndrome, was excluded. The age of subjects ranged from 23
to 59 years with a mean age of 27 years. All subjects were correctable to 20/30 or better. Informed
consent was obtained from all subjects before participation in the study. The protocol was approved by
the Institutional Review Board of the lllinois Eye Institute.

The subjects were refracted by two different doctors in adjoining, identical (except for illumination level)
exam rooms on the same day. Each examiner performed the subjective refraction followed by binocular
balance on each subject in the same manner. The examiners were masked from the refractive results of
the other examiner to avoid bias. Subjects were randomly assigned to start in either room to avoid bias
or tiredness that might affect the reliability of the results. The entire procedure took 30 minutes. Nidek
Tonoref Il autorefraction measurements were used as the starting point for both refractions. Subjective
manifest refraction including binocular balance was performed in both rooms with an M&S Technologies
Smart System 2020 computerized VA chart with an LCD monitor. The letters on the chart were
randomized to prevent memaorization.

Examiners were randomized to either a brightly illuminated examination room or a moderately
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illuminated examination room for each patient. One exam room was brightly illuminated using overhead
room lights to 320 lux while the other room was moderately lit to 3.5 lux by using a 60-watt bulb stand
lamp positioned behind the patient’s head with the overhead room lights off. A Sekonic L-758Cine
DigitalMaster light meter was used to control the amount of light in each room. Each subject’s pupil size
was measured prior to the refraction in each of the exam rooms using an infrared Colvard pupillometer
after he or she adjusted to the room’s illumination for approximately 30 seconds. The subjects viewed
the computerized VA chart while the pupil sizes were measured.

After the testing, subjects were asked to complete a three-question survey inquiring whether they were
more comfortable in a particular lighting condition, why, and under which lighting condition they felt their
vision was clearest (Appendix A).

A paired T-test was performed to compare the spherical equivalent refraction and the spherical and
cylindrical components of the final binocular balance result of the right and left eyes in the bright
illumination and the moderate illumination. The pupil sizes of right and left eyes in the bright illumination
and the moderate illumination were also analyzed with a paired T-test.

A second survey (Appendix B) was created for the members of the Clinical Optometric Methods &
Procedures Instructors Special Interest Group of the Association of Schools and Colleges of Optometry
(ASCO). This group consists of faculty members from the 23 ASCO member schools and colleges who
instruct students on how to perform subjective manifest refraction. The survey consisted of six questions
and was administered using Survey Monkey software. The purpose was to determine the illumination
conditions for refraction currently being taught at optometric institutions, what reference materials are
used to teach refraction, and the prevalence of computerized VA charts and whether their use has
affected how clinical faculty members instruct optometry students on room illumination for subjective
refraction.

Results

A total of 142 eyes of 71 patients were tested. The spherical equivalent of the subjects’ refractive error
for OD and OS ranged from +1.25D to -13.25D. Average spherical refraction was -3.04D in bright
illumination and -3.06D in moderate illumination, OD, and -2.99D in bright illumination and -2.98D in
moderate illumination, OS. A spherical equivalent change of +/- 0.50D was considered a clinically
significant refractive difference. Paired T-tests to compare the spherical equivalent binocular balance
revealed no significant difference between the two illumination conditions for either eye (OD: p=.40 and
0S: p=.92) (Figure 1). Paired T-tests to compare the spherical and cylindrical components of the
binocular balance between the two illumination levels also revealed no significant difference for either
eye (OD sphere: p=.26, OS sphere: p=.36, OS cylinder: p=.58, OS cylinder: p=.72) (Figure 2). As
expected, pupil size in the two illumination conditions was significantly different (p<0.001). The mean
pupil size in the brightly illuminated room was 5.1 mm and the mean pupil size in the moderately
illuminated room was 6.7 mm.
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Figure 1. Click to enlarge

Subjects were asked to comment on which of the lighting conditions they found to be most comfortable
and which lighting condition provided them the clearest vision. The post-refraction survey revealed no
single patient preference for light level when evaluated for comfort. The patient preference was divided
with 29% preferring bright, 36% preferring moderate, and 36% reporting no preference. Subjects’
responses also differed regarding the lighting condition that provided the clearest vision with 29% stating
bright illumination, 39% stating moderate illumination, and 33% stating that the lighting conditions did not
affect their clarity of vision.
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Seventy percent (16/23) of the surveyed members of the ASCO Special Interest Group responded to the
survey. One respondent completed five of the six questions. The majority (11/16, 69%) reported that
their optometric teaching institutions use computerized VA charts in their clinical teaching laboratories,
and 31% (5/16) reported that their institutions use projector charts.

Arszroge Sphere and Cylinder Refraction
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Figure 2. Click to enlarge

Of the schools using computerized VA charts, 50% (5/10) said they instruct their students to use
moderate room illumination. The other half (5/10) said they teach their students to use bright illumination.
Responses indicated that no institution teaches students to refract in a dark room or that it is acceptable
to refract in any room illumination. Among the schools and colleges currently using computerized VA
charts, 36.4% (4/11) reported changing the illumination levels they teach students for refraction when
they switched from projectors to computerized VA charts, and 36.4% (4/11) reported no change in
instruction. The remaining 27.2% (3/11) of schools with computerized VA charts reported never having
taught students with projector charts. One of those three optometric schools is nhewly established.

The survey also found that every institution currently using projector VA charts (5/16) instructs its
students to use moderate room illumination for refraction. The majority of respondents (63%, 10/16) said
that 15 years ago, when projector VA charts were most likely the standard, their school taught students
to use moderate room illumination. In addition, the survey found that six reference books are being used
to teach refraction at 14 of the 16 respondents’ schools. The most commonly used books are “Clinical
Procedures for Ocular Examination” by Nancy Carlson and Daniel Kurtz (69%, 11/16) and “Primary Care
Optometry” by Theodore P. Grosvenor (50%, 8/16). Two of the optometric institutions created their own
material in the form of a textbook or iBook with no outside reference material recommended to students.

Discussion

Research on appropriate lighting and how it affects refractive error has rarely been performed. There is a
trend toward increased use of computerized VA charts, and the current literature lacks updated
recommendations on the best lighting conditions to be used with these charts. Our survey to the ASCO
Special Interest Group (Clinical Optometric Methods & Procedures Instructors) revealed that when
institutions switched from projector to computerized VA charts, half (4/8) did not change their instructions
on room illumination for refraction. The other half (4/8), who did update their instructions, changed the
room illumination from moderate to bright. According to the survey results, no optometric school or
college that uses computerized VA charts teaches students that either moderate or bright room
illumination is acceptable for refraction. This is significant because this study revealed no clinically
significant difference in the outcomes of subjective refraction and no patient preference for either
moderate or bright room illumination.

This study had several limitations. One limitation was the subjects were all correctable to 20/30 or better
and without significant ocular disease. The majority of subjects were also optometry students who were
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familiar with refraction. This familiarity with the procedure may have influenced the lighting preference
reported on the post-refraction survey. The survey’s mixed results on lighting preference may be
explained by the subjects’ biases prior to the study. Another limitation of the study was the use of a
single computerized VA chart with a standardized LCD screen. The M&S Technologies Smart System
2020 monitor is calibrated to the luminance recommended by the International Organization for
Standardization’s “visual acuity testing — standard and clinical optotypes and their presentation”
standard. This standard allows for luminance to range from 80-320 cd/m2.*® Due to the range of
recommended luminance, other computerized VA charts may not be equivalent.

Anecdotal clinical experience and past practices reported by those who refract with a projector chart
appear to reinforce the recommendation to use moderate illumination when refracting with a projector
chart. By controlling room illumination, glare and reflection are minimized, which optimizes image
contrast. Glare from overhead lighting degrades the contrast of the image from a projector chart. Light
falling on the chart from the room illumination can reflect into the patient’s eye and degrade the contrast
of the image on the chart, but it is not practical to refract in a dark room.**** That is why it is important to
develop standardized room illumination levels.

Another problem that can arise with projected VA charts is that projectors tend to decrease in
illumination over time due to the incandescent bulbs they use. Incandescent bulbs lose light output as
dust collects on the bulb and as the bulb ages due to the thinning of the filament.*® The image can then
become blurred due to defocus of the projector. The projected image can also be negatively impacted
due to dust collected on the lens or a misalignment with the screen or mirrors."’

Computerized VA charts have many advantages over projector charts. They provide better contrast and
more diversity compared with projected charts. Computerized VA charts meet the ISO standards for
luminance, contrast and color temperature. Computerized VA charts allow the examiner to randomize
optoypes to prevent patient memorization of the chart. The computerized systems offer a variety of VA
charts such as Snellen, Lea, ETDRS and Tumbling E. The examiner has the ability to alternate quickly
between the different types of charts. The examiner can isolate a letter or line that appears in the middle
of the screen. Videos and pictures that aid with patient education can also be added. Due to the reduced
cost of computerized VA charts and the many advantages they have over projector charts, the sales and
utility of projector charts have been on the decline.

Many projector charts remain in use, but there has been an increasing trend toward computerized VA
systems. During the 1990s and early 2000s automatic projectors made up about half of projector sales.
In 2006, the first Windows-based computerized VA charts came on the market. In the mid-2000s the cost
of automatic projectors was similar to the cost of computerized VA charts, and by the end of the decade
more computerized VA systems were being sold than manual projector VA charts. Currently,
computerized VA systems dominate the market with 75%-95% of sales.***

Our survey revealed that the majority of optometry students, 70%, have been instructed throughout their
lab courses and clinical exam experience to use moderate room illumination for subjective manifest
refraction. This originates from the previously standard utilization of projector charts. However, in today’s
practice, computerized VA charts dominate examination rooms and clinical teaching labs at the majority
of optometric institutions, yet no teaching institution using computerized charts has made a change to
instructional standards based on our research. Our findings are consistent with an earlier study by Chen
et al. that room illumination does not have a statistically significantly effect on subjective refraction.” Our
study is unigue because it evaluates refraction with computerized VA charts, the new standard, instead
of wall-mounted charts, internally illuminated charts, or projector charts. The findings of this study — that
there is no significant difference in the outcome of subjective refraction and no patient preference for any
room illumination — should impact how the procedure is taught in optometric curricula and how it is
performed in clinical practice.
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Conclusion

Obtaining an accurate subjective refraction for patients is an essential component of quality care in
clinical optometric practice. In the past, it was commonly believed that room illumination played an
important role in obtaining an accurate refraction with projector VA charts. With the use of computerized
VA charts, room illumination no longer plays a critical role. This study determined that the final refractive
outcome of the binocular balance does not significantly differ whether it is obtained in bright or moderate
room illumination when utilizing a computerized VA chart. These findings should impact how the
procedure is taught in optometric curricula and how it is performed in daily clinical practice.
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Abstract

This paper examines the history, utilization and assessment of educational technology and offers some
guidelines for implementation. We review Puentedura’s SAMR (Substitution, Augmentation, Modification,
Redefinition) model of technology integration and its potential alignment with the more familiar Bloom'’s
Revised Taxonomy of educational objectives. We discuss the current state of educational technology in
the profession, particularly in the context of emerging technologies and how innovative educators can
use technology to transform optometric education.

Key Words: educational technology, SAMR model, optometric education, Bloom’s Revised Taxonomy

Introduction

We live and work in a world of constantly changing technology. As optometric educators we are part of
an industry that interfaces with emerging technologies including digital mobile devices and computer-
simulated reality. Within this context — and knowing that our students are accustomed to 24-7 access to
anything and everything using their mobile devices — it is natural for educators with an interest in
technology to find ways to utilize these resources to enhance student learning and engagement. As
educators, we need to use information and communication technology in a manner that helps students
acquire the professional skills necessary to succeed in a rapidly changing digital society.

As we implement new technologies in optometric education, we should keep in mind the following advice
about integrating educational technology into teaching designed for K through 12 educators:*

¢ Educators usually do not develop technology (software or technology-based materials)
¢ Technically possible does not equal desirable, feasible or inevitable

¢ Older technologies can be useful

¢ Educators will always be more important than technology

Keeping this advice in mind, our goal as educators should be to align technology with curricular goals in
a manner that is consistent with what we know about student learning. To this end, this paper examines
the history, utilization and assessment of educational technology and offers some guidelines for the
implementation of educational technology in optometric education.

A Brief History of Educational Technology

In order to promote student learning, successful educators often embrace innovative strategies that aim
to be more efficient, engaging and collaborative than previously used methods. We can classify these
methods as technological if they involve the application of scientific or other organized knowledge to
enhance teaching, learning or assessment. These innovations can be further classified as either hard
technologies (materials and physical inventions) or soft technologies (work processes or instructional
templates applicable beyond a single case), both of which have the potential to improve student
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learning.” Thus, educational technology is defined as “the study and ethical practice of facilitating
learning and improving performance by creating, using and managing appropriate technological
processes and resources.”

The modern era of educational technology began in the late 19th and early 20th century with educators
using projected visual images to supplement lectures. This initially expensive technology became more
affordable and widely used with Thomas Edison’s invention of incandescent lighting in the 1890s. This
milestone was followed by the introduction of silent instructional film (early 1900s), radio (late 1920s),
sound film (early 1930s) and television (1950s).” As the 20th century progressed, educators continually
employed new technologies emerging from the radio, television and motion picture industries.” For
example, the U.S. military developed training films for soldiers and the general public as preparation for
their respective roles in the war effort. During peacetime, the U.S. military released these media
innovations into the public domain, providing civilian educators with additional resources.”

In particular, the computer has been central to the evolution of educational technology. Just as the
variety of technologies usable in education has increased, so too have the uses of computer-assisted
instruction (CAl). Notably, the initial focus of CAl was drill-and-practice rather than the broader
applications available today.” The earliest uses of computers in education involved mainframe computers
whereby the machine quizzed the students on material presented by the teacher. Using punch cards as
input, these computers were expensive and cumbersome to use. Since then, the use of integrated
circuits led to the development of computers that are smaller and more accessible to teachers and
students, representing the first milestone and major turning point in the use of computer technology in
education.?

The use of computers in education increased dramatically with the commercialization of microcomputers
in the late 1970s and early 1980s. Models manufactured by International Business Machines (Armonk,
NY), Apple (Cupertino, CA) and RadioShack (Fort Worth, TX) entered the classroom. In 1982, Time
magazine’s tradition of “Man of the Year” was replaced by the personal computer as “Machine of the
Year,™ illustrating the microcomputer’s prominence in daily life.

Personal computers had a profound impact on the information environment of the 1980s, but their sway
increased even more with the advent of the Internet in the 1990s. With the rapid increase in connections
to the Internet as the decade progressed, the potential for sharing information at a distance increased
and began influencing education in a significant way by lessening students’ and teachers’ reliance on
physical resources in the classroom.® Thus, the introduction of the World Wide Web defined a second
milestone in the history of computer technology in education.”

In 2005, the term Web 2.0 was coined as a way of characterizing the shift from the more static early web
to an Internet that included interactive, user-centered web-based tools. Newly available tools included
wikis, blogs, image and video sharing and podcasting. A new category of mobile devices was born in
2010, with the introduction of the Apple iPad, which allowed users to download books, videos and much
more with a large, high-resolution touchscreen. The New Media Consortium, a not-for-profit organization
that explores the impact of emerging technologies, declared tablet devices to be a completely new
technology rather than simply a new kind of lightweight laptop computer.® The tablet, along with the wide
adoption of the smartphone,’® brought new resources to the classroom and clinical teaching environment.
Today, innovative educators are using Web 2.0 tools and mobile devices to create engaging student-
centered learning environments.”®

Educational Technology in Higher Education

Higher education is in transition. With changes in the needs of the 21st century learners, educators are
shifting from paper-based to technology-integrated classrooms. In parallel with these changes, the
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National Education Association developed a framework of skills for contemporary learning. Specifically,
students today need more than the three Rs (reading, writing and arithmetic); they also need the four Cs
(creativity, communication, collaboration and critical thinking).”*® Other authority figures have described
the educational priority in higher education as “deep learning” defined as the “mastery of content that
engages students in critical thinking, problem-solving, collaboration and self-directed learning.”

With the ability to electronically access textbooks, e-mail, learning management systems and the
Internet, the nature of teaching and learning will forever be changed and transformed.*” While it is
intuitive to experiment with and adopt new technologies, especially for educators with a special interest
and affinity for computer technology, it is important to focus on the application of educational tools rather
than the actual educational tools that are available." The implementation of educational technology must
include careful consideration of how best to apply these tools and materials to existing curricular goals.
Evaluation of any new educational tool or process can be challenging. The Substitution Augmentation
Modification Redefinition (SAMR) model of technology integration in education offers one way to
evaluate the implementation of educational technology.

The SAMR Model of Technology Integration

Popularized by Ruben Puentedura, the SAMR model has been adopted by educators involved in
teaching students at levels from kindergarten through higher education. SAMR was created by
Puentedura as a response to his experience at Harvard University as a graduate student.” The SAMR
model is used to describe a hierarchy of integration of technology from Enhancement (substitution and
augmentation) to Transformation (modification and redefinition). Puentedura’s challenge for educators is
to find ways to use technology that do not merely enhance learning but rather transform learning. This
model has been used in universities for evaluation of the use of mobile devices for teaching** and other
learning technologies.” It provides a framework to evaluate how computer technology potentially impacts
teaching, learning and student engagement.

Substitution

At the first level of the SAMR model, technology is used as a simple substitution for a more traditional
educational tool, activity or teaching method. At this stage there is no change in the process or results
through the inclusion of technology. In substitution the benefits for students are modest; the new
technology may provide a practical benefit such as lower cost or improved efficiency. An often-cited
example is the use of a computer and word-processing software instead of paper and pen to complete a
writing assignment. An elementary example that is ubiquitous within health education programs is the
provision of digital course notes rather than paper copies. Other examples that have been utilized in
optometric education include recorded lectures or podcasts (digital audio files) to replace traditional
lectures.”®"" Podcasts have been shown to be a popular supplement to conventional teaching in an
optometric clinical environment. Perceived benefits include mobility and flexibility.*® Substitution typically
involves a switch from analog to digital technology that generates no functional change.*®

Augmentation

At the augmentation level, use of technology leads to a functional improvement to the teaching, learning
or process that provides a benefit to the student. Videos created to supplement and reinforce course
material presented in a traditional lecture, rather than simply replacing the original lecture, exemplify
augmentation. Similarly, social media has been used to provide students with additional course
resources and access to the instructor outside the classroom. For example, Facebook (Menlo Park,
Calif.) was chosen as a supplement to an optometric ophthalmic optics course because of the high
proportion of students with an account. A separate Facebook page was created for the course. Students
were notified when new materials (summaries, study guides, additional problem sets) were posted and
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given the opportunity to post comments and questions. The increased collaboration between instructors
and students was attributed to students’ high interest in social media and frequent access to this
platform.” Secured testing administered on a student’s personal electronic device is an example of
augmentation (rather than substitution) if it provides additional benefits to the learning community such
as the integration of multimedia into the examination, immediate student feedback of exam performance,
or robust analytics for faculty and administrators. Computer assessment software (Examsoft, Delray
Beach, Fla.) has been adopted by multiple schools and colleges of optometry, and portable electronic
devices are increasingly being used in healthcare and education.”®*

One such institution surveyed student experiences with assessment and reported that most students
preferred pencil and paper exams. However, the authors partially attributed this perspective to students’
unfamiliarity with the software as compared to traditional testing methods. Additionally, they
acknowledged that students may not initially recognize commonly reported benefits of computer-based
assessments such as more specific feedback and faster scoring.”

Modification

A significant change in technology adoption in the classroom occurs at the modification level. The use of,
and access to, technology facilitates the redesign of educational assignments and assessments.
Modification allows students to analyze their work and their learning process through the lens of
technology. An example of modification is the use of collaborative document editing to promote student
team work and facilitate real-time communication. We recently observed such collaboration in a
capstone course where optometry students analyzed optometric cases to further develop clinical
diagnostic and management skills as well as integrate basic science with clinical problem-solving.”
Google Docs (Google LLC, Mountain View, Calif.), a web-based document management application
system, was employed to collaboratively create and edit documents online. A further example is the use
of a note-taking app on a mobile device that allows annotation, audio recording, indexing and sorting.
Such technology is useful in professional programs such as optometry where the lecture volume is high
and time management skills are critical to success.

Redefinition

Redefinition, the final level of the SAMR model, allows significant changes and transformation to occur in
the experiences of both students and educators. In Puentedura’s conception, technology facilitates the
“creation of new tasks, previously inconceivable.” The intent is to change traditional tasks and goals
through the incorporation of technology in the classroom.

In contemporary illustrations of redefinition, the focus of instruction frequently shifts from the instructor to
the student, and the collaboration between peers increases. Examples include student-generated media
such as a blog or e-portfolio. Such media could be incorporated into case-based critical thinking
exercises described above if it culminates into a student presentation. These resources lend themselves
to problem-based learning exercises and case presentations that are common in the optometric
curriculum. Alternatively, student e-portfolios can be monitored by faculty during the clinical rotation to
ensure that educational objectives are being met, as reported recently by faculty overseeing an
emergency medicine clerkship.”®

Educators can also create new learning tasks, assignments and assessments using a digital platform to
create a more immersive experience with virtual reality (VR) or augmented reality (AR)."” Schools and
colleges of optometry are currently using VR simulators for training diagnostic skills such as binocular
indirect ophthalmoscopy. Virtual patient encounters and other VR/AR apps have been incorporated into
health training programs and are potentially applicable to optometry.”
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This final level of the SAMR model is difficult to describe because what is possible with technology is
constantly being redefined.”” The distinction between the levels evolves as the perception of what is
“inconceivable” changes with the educator’'s awareness of new technology and its implementation over
time. The final level of SAMR might be viewed as a paradigm shift whereby education has been
transformed using technology.

The SAMR Model and Bloom’s Taxonomy

As the foundation of many teaching philosophies, Bloom’s Taxonomy is familiar to many optometric
educators.”® Bloom’s Revised Taxonomy of educational objectives (Remember, Understand, Apply,
Analyze, Evaluate, Create) expands upon the author’s original work and provides a framework for
teaching, learning and assessment.” It provides direction for curriculum development in that it
emphasizes higher-level thinking while acknowledging multiple dimensions of learning. The taxonomy
has frequently been presented as a hierarchical framework, proceeding from simple to complex.
Alternatively, the taxonomy has been displayed unranked, as illustrated by Alan Carrington’s padagogy
wheel of mobile educational apps.® Coupling the SAMR model with Bloom’s, as originally recommended
by Puentedura, may be useful for educators who are familiar with Bloom’s Revised Taxonomy but less
experienced with implementing technology in the classroom (Figure 1).

=]

Figure 1. Click to enlarge Puentedura’s SAMR model of
technology integration (a) aligned with Bloom’s Revised
Taxonomy of educational objectives (b) to illustrate moving
from enhancement to transformation (c) in optometric
education.

For a more detailed illustration applied to mobile devices, see
Carrington’s Padagogy wheel V4.0.

According to Puentedura, the goal of an educator is to construct a SAMR ladder that is coupled to
Bloom’s Revised Taxonomy.* Substitution and Augmentation are coupled with Remember, Understand
and Apply, resulting in what Puentedura terms enhancement. Modification and Redefinition are coupled
with Analyze, Evaluate and Create, culminating in transformation. At the transformation stage, deeper
learning occurs, consistent with Bloom'’s Revised Taxonomy. Thus, the model facilitates the integration
of technology with teaching and promotes learning at a higher level.

Applied to optometric education, electronic flashcards help the student remember while viewing lecture
excerpts from a video-enhanced lab manual help the student understand. Electronic assessment with
meaningful feedback potentially helps the student to apply the information learned in class to a problem
set or case-based learning exercise. Student response system apps used with synchronous classroom
discussion potentially support the student’s ability to analyze in problem-based learning. Asynchronous
discussion boards promote student collaboration and the opportunity to evaluate. Synthesizing data
using a collaborative online white board provides the opportunity to create.

Criticism of the SAMR Model

While the SAMR model has been embraced and adopted by many educators, it is not without criticism. It
has been noted that, despite its increasing popularity among educators, critical evaluation in peer-
reviewed literature is lacking."**® Further criticisms of the SAMR model include the absence of context,
rigid structure, and a concern about product over process. We include these criticisms to inform
educators of potential pitfalls and to help them apply the SAMR model in a thoughtful manner.

In the field of education, context refers to the characteristics of the learning environment. Specific
criticisms of the SAMR model’s absence of context refer to lack of recognition for technology
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infrastructure and resources, community buy-in and support, and instructor knowledge and support for
using technology. Access to the technology does not necessarily lead to its widespread use.*®

The rigid structure of the SAMR model also concerns some educators who worry that by categorizing

technology integration into one of four categories the model dismisses the complexity of teaching with
technology. Critics are concerned that there is an emphasis on moving along a hierarchical continuum
and this minimizes the important focus of using technology in ways to change pedagogy or classroom
practices that enhance learning.*

Finally, the concern is that with the SAMR model, products remain the focus as one attempts to move to
higher levels from enhancement to transformation.*® Critics warn that educators should not get caught up
in the act of adding technology that does not enhance the course or lesson, especially if the instructor
has not done his or her due diligence in planning and testing the technology.” There are occasions when
simply using substitution can achieve an educational objective.

Future of Educational Technology

According to the New Media Consortium Horizon Report, the key trends accelerating technology
adoption in higher education are: advancing cultures of innovation, deeper learning approaches, growing
focus on measuring learning, redesigning learning spaces, blended learning designs, and collaborative
learning.* The mention of deeper learning approaches and collaborative learning is consistent with the
integration of Bloom’s and SAMR discussed previously. Educators are increasingly interested in tools
that will allow them to assess student learning. This trend manifests in optometry’s recent adoption of
computerized assessment and associated analytical tools. Universities are also beginning to redesign
learning spaces (the physical environment) to accommodate strategies that incorporate digital strategies
and more active learning. These changes are occurring as more educators are accepting the role of
online learning and demonstrating increased support for blended learning that combines online learning
with traditional classroom methods. Collaborative learning, which involves students or educators working
together on group activities based on the idea that learning is a social construct, is also becoming more
accepted in higher education.

What tools will be used to support these changes in the use of technology in higher education? Some
potential technologies include: AR, VR, artificial intelligence (Al), adaptive learning, Internet of Things,
next generation learning management systems, and natural interfaces.*** VR replaces the real world
with a simulation while AR provides a real-world environment with digital information overlaying the
participant’s view. VR can bring the outside world into the classroom, while AR can provide additional
information as a student moves through the real world. Al is being used to create intelligent machines
that resemble humans in the way they function. Some potential uses of Al in higher education include
personalized learning, curriculum evaluation and use of intelligent tutoring systems.*" Al algorithms are
utilized in adaptive learning technologies, which can adjust course content based on ability and skill

attainment. Utilizing machine learning, adaptive learning technology adapts to the student in real time.*

The Internet of Things is a term used to describe devices connected to the Internet and each other,
enabling them to exchange data. We are surrounded by these devices in the form of smart watches,
smart TVs, smart thermostats and other networked appliances. Applied to the education sector, this
technology enables textbook enhancements, student assessment, individualization of content delivery
and group collaboration. In the optometric environment, this could be reflected by further augmenting
class assignments or assessments with audio and video using networking devices.

Learning management systems (LMS) are software applications that are used to deliver online course
content and monitor student participation. Current LMS place more emphasis on the administration of
learning than the learning itself. The next generation LMS will support personalization and play a larger
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role in formative learning assessment.* Natural user interfaces are most commonly found in tablet and
mobile devices that respond to taps, swipes and other touching for user input. iBooks with interactive
optometric content and clinical resources are currently available.*** Technology is in development that
will allow more interaction with smooth glass surfaces, such as a tablet’s display, that will create the feel
of a textured surface. This will allow more user sophisticated interaction with applications such as
electronic textbooks including direct manipulation of three-dimensional images.*

Awareness of the history of educational technology is only useful if we apply what has been learned from
the past to decisions about the future. As educators we need to be cognizant of the relationship between
pedagogy, technology and student learning. The field of educational communications and technology
has a history characterized by adopting changes in technology as they become available. From visual, to
audio-visual, and then to computer and web-based instruction, educators have been attracted by the
opportunity to enrich the learning experience through involvement of the senses." It is an exciting time to
be involved in optometric education, especially for educators interested in finding ways to adopt and
implement new technologies.
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Abstract

This study reports on the perceptions and opinions of Doctor of Optometry students regarding use of
student learning objectives (SLOs), prediction of exam questions based on SLOs, use of SLOs by
teachers, helpfulness of SLOs, and alignment of exams with SLOs. From the teachers’ perspective, this
study reports on the perceived difficulties of constructing SLOs, their actual use, delivery of information
about them, and instructions to students about using SLOs. A majority of students utilize lecture-based
SLOs for exam preparation and report SLOs are most valuable when they are specific and linked to
exam questions. Most faculty find writing SLOs easy and the majority linked their exam questions to
SLOs.

Key Words: learning objectives, course objectives, Doctor of Optometry students, student perceptions,
optometry curriculum

Background

The concept of student learning outcomes, also known as student learning objectives (SLOs), behavioral
objectives, learning goals, goal focusing, or relevance instruction, has been discussed in higher
education for many decades."” SLOs are short statements directing students’ attention to the salient
points that the teacher wants them to master from lectures, reading assignments or other learning
materials and activities. Setting student learning outcomes is the first step in a five-step process of
making changes to a course to improve student achievement.? This is followed by the teacher referring to
the outcomes during each class and writing assessments that directly link back to the learning
outcomes.’ Benefits are gained when students test themselves utilizing the lecture-specific learning
objectives as they prepare for examinations.”***

In Academic Year 2015-2016, Western University of Health Sciences College of Optometry launched the
student learning objectives (SLOs) initiative. The SLOs initiative required faculty to provide to students
learning objectives for each and every lecture. In contrast to course learning outcomes, which define on
a macro level what students should be able to do at the end of a course, lecture-specific SLOs define
what students should be able to do at the end of a lecture (topic), the instructional intent being at a more
micro level.”” A number of observational and experimental studies have demonstrated the usefulness of
objectives to enhance the depth of learning,” or the efficiency of discovering what should be learned.* If
the instructor can articulate what he or she wants students to gain from various learning opportunities,
students can either acquire those facts, skills or attitudes at a higher level or acquire them more
efficiently than students whose learning is not influenced by SLOs. Often, teachers inform students of
expectations in a course and the means by which students can achieve the learning outcomes by
including learning outcomes in their syllabi.* When SLOs are incorporated into a syllabus, they can be
taken directly from the syllabus as a learning resource for each class meeting.*
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As part of ongoing faculty development, faculty members were provided with specific guidelines, rubrics
and advice to facilitate the construction of high-quality SLOs (Appendix A). The SLOs were based on a
pyramid of learning outcomes. The foundation of the pyramid is the eight Western University of Health
Sciences Institutional Learning Outcomes (ILO). These are aligned with 27 Program Learning Objectives
(PLO), which are based on the desired Attributes of Students Graduating from Schools and Colleges of
Optometry promulgated by the Association of Schools and Colleges of Optometry in 2011."° Each of the
27 PLOs serves as the foundation for Course Learning Outcomes (2 to 5 per course credit hour, a
required part of each course syllabus), which form the basis for the requirement of 3 to 6 SLOs provided
by each instructor for each hour of lecture."”*® Faculty were advised to include the lecture-specific
learning objectives in the first slide of each lecture. If faculty incorporated SLOs into the syllabus, for
each class meeting the SLOs could be taken directly from the syllabus as a student learning resource.
Finally, in the ideal case, the instructor aligns every examination item with one of the lecture-specific
SLOs. The ultimate objective of this initiative is to enhance students’ knowledge, skills and attitudes, as
articulated in the PLOs and ILOs.

A year after the initiation of the student learning objectives initiative, the effort is highly successful.
Virtually all lectures include learning objectives. We now seek to better understand how students and
faculty are using the SLOs. The specific aims of the project are: (1) increase understanding of how
graduate health professional students utilize lecture-based SLOs in their examination preparation, (2)
increase understanding of the process and obstacles in having faculty include SLOs for every lecture,
and (3) measure how well the course assessments reflect the SLOs in terms of percentage of test
guestions.

Methods

All didactic courses administered in the fall of 2015 for the first, second and third years of the Doctor of
Optometry curriculum were evaluated for inclusion of student learning objectives for every lecture.
Courses with student learning objectives for every lecture were included in the study. Student learning
objectives were identified from review of lecture materials posted on the college’s course management
system. Sixteen of 18 courses met the criteria.

One study investigator performed an independent evaluation of all exam questions and SLOs for each of
the 16 courses to identify the following parameters: total number of SLOs, number of SLOs tested,
number of test questions not linked to a SLO, and number of questions for each SLO.

Courses covered various disciplines, including basic biomedical science, vision science and clinical
science. We utilized a mixed method research method. Two surveys were developed, a student survey
and a faculty survey consisting of qualitative and quantitative questions. The student survey asked if
students used the learning objectives, liked using learning objectives and found them beneficial for test
preparation. The faculty survey asked how they utilized lecture SLOs in their courses, and what if any
obstacles they encountered in writing SLOs. Questions asked in the survey were specific only to courses
students had already completed that had listed student learning objectives.

The study received approval from Western University of Health Sciences’ Institutional Review Board.
The participants were provided a description of the study and informed consent was assumed if the
participants completed the survey. Survey participants were informed their participation was voluntary
and they could withdraw at any time without retribution. All participants were assured their responses
would be kept confidential and data would be reported in aggregate form in future presentations and
publications. The surveys were administered via e-mail to students and faculty from March 1 through
March 30 to accommodate absences from campus during spring break. All courses included in the
survey were completed during the prior fall semester. The questionnaires included both closed and
open-ended questions to provide an understanding of perspectives as well as to corroborate the findings
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of the survey results. The student survey was administered online via Qualtrics to all first-, second-, and
third-year students (n=244) enrolled in the courses included in the study. The faculty survey was
administered online via Qualtrics to faculty (n=13) who teach the courses included in the study. Faculty
members were asked in their survey to select ordered responses on a five-point Likert scale in response
to how difficult or easy it was to write student learning objectives for their respective courses. The survey
also prompted faculty to provide comments to the questions, but comments were not mandatory.

Students were asked to select ordered responses on a three- and five-point Likert scale for five
guestions that included whether they used SLOs in exam preparation, if SLOs were included in their
courses, and whether they were able to predict exam questions from the SLOs provided. The student
survey also asked for comments about their learning experiences in the courses that included student
learning objectives for each lecture. A simple descriptive analysis was used to report the results of the
guantitative portion of the survey. A qualitative method of content analysis was used, classifying texts
referencing distinct ideas with code nhames and grouping similar codes to define themes. The clustered
frequencies were grouped as themes describing the range and relative weighting of students’ comments.
The aim was to illustrate and complement the results of the quantitative analyses using corroboration to
confirm the consistency of students’ perception.

Results

The response rate for the student survey was 82.8% (N=202) and the response rate for the faculty
survey was 100% (N=13), resulting in a representative sample of respondents.

Student survey

] B

Figure 1. Figure 2.
Click to enlarge Click to enlarge

Students were asked to respond to survey questions about SLOs provided in their courses on the
ordered Likert scale. Figures 1 and 2 show the results. Figure 1 shows the responses to the first three
guestions. Figure 2 shows the responses to the last two questions condensed into three categories from
five.

Student survey comments

A total of 96 comments were received. Three themes revealed included the usefulness/non-usefulness
of SLOs, the non-use of SLOs and non-alignment of test questions to SLOs. The following are highlights
from the survey relative to these themes. Thirty-nine students stated that when the SLOs were provided
they were helpful, albeit in some courses more than others. Their comments indicated that the learning
objectives provided were a useful guide for studying and exam preparation. Nine students stated the
SLOs were not useful or helpful. Their comments indicated that the SLOs provided were too general
and/or too broad. Ten students indicated they did not use the learning objectives provided. There were
19 comments related to test materials not being aligned with learning objectives provided. A sample of
students’ verbatim comments captured through written responses and relative to these themes is
provided in Appendix B.

Faculty survey
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Table 1.
Click to enlarge
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Faculty responses to questions relating to writing SLOs were captured. Forty-six percent reported that it
was easy or very easy; 23% reported it was neither difficult nor easy; and 31% reported that it was
difficult or very difficult to write SLOs. Faculty responses to four yes-or-no questions are shown in Table
1.

Faculty survey comments

The second part of the survey prompted faculty to provide comments related to obstacles in writing
SLOs, which they identified as determining the key content vs. the outline, the level of detail to include in
the objectives, and selecting the best level of Bloom’s Taxonomy to use. Seven faculty members also
shared comments about writing SLOs and using them in exam construction. They shared their
perceptions about SLOs, how they wrote SLOs, and they provided some reflections about writing SLOs.
Verbatim comments are provided in Appendix B.

Review of Learning Objectives and Exam Questions

(=]

Table 2.
Click to enlarge

The results from a review of all test questions and how they matched with SLOs for all 16 courses are
summarized in Table 2. Courses varied from 2 to 4 credit hours. The total number of SLOs for each
course ranged from 8 to 183, with an average of 87.8. The percentage of SLOs tested (i.e., there was at
least one exam question matched to each SLO) ranged from 26% to 100%, with an average of 63.5%.
The total number of test questions per course ranged from 87 to 159, with an average of 101 questions.
Of these test questions, the percentage of test questions linked to at least one SLO ranged from 91.7%
to 100% with an average of 97.9%. The average number of questions per SLO tested was 2.7, with a
range of 1.2 to 12.8.

Discussion
First study aim

The first aim of this study was to further our understanding of how graduate health professional students
utilize lecture-based student learning objectives in their examination preparation.

This is the first study to document the use of lecture-specific student learning objectives in a Doctor of
Optometry program, and only one of three studies to examine use of SLOs in an active classroom
setting. Our study found 87.6% of optometry students utilized lecture-specific SLOs to prepare for
examinations either always or sometimes, and 12.4% did not. A study involving medical students that
included four years of preclinical and clinical courses included only course learning outcomes, without
any lecture-specific SLOs.* In that study, 53% of students agreed course objectives helped them to pass
tests. A study involving optometry students found 19 of 22 students (86%) who were surveyed utilized
the objectives in learning, including for self-testing; however, the results were based on use of objectives
in a course manual for one course only, and response rate was low."

In our study, 49% of the students who reported utilizing SLOs for exam preparation found SLOs useful,
while 15.4% did not. A similar percentage (50.5%) of students reported the exams were aligned with the
SLOs. Students found most helpful those objectives that were not too general or too vague, consistent
with other studies.™ Additionally, 90% of students predicted possible questions on the exam based on
the SLOs provided in each lecture. In other words, objectives that are specific and exam questions that
are directly linked to those objectives are the ones students find most helpful in guiding learning. By
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ensuring SLOs and exam questions are aligned, faculty can drive what students study. This finding is
consistent with previous findings that students’ attention to objectives and their actual utilization of
provided objectives varies, with a direct positive correlation to increased attention to objectives that are
tested **** This has implications for teaching in that the instructors’ ability to communicate to students
the relevance of the lecture material (i.e., material will be tested) increases student attention and
engagement which can result in increased retention of material.”®

The 12.4% of students who did not use SLOs for exam preparation and the 15.4% who utilized but did
not find SLOs helpful in exam preparation reported several reasons: the test not reflecting the objectives,
the objectives not being specific enough, and not knowing how to utilize the SLOs. The latter may
indicate that students do not always choose learning strategies that benefit them, an observation others
have made.’?

Furthermore, our study found that although 100% of faculty provided learning objectives for each lecture,
only 34% of students reported professors sometimes (and 1% reported never) provided SLOs for each
lecture, and 77% of students reported faculty directly highlighted to students how exam questions align
with the lecture. These results point to the need for faculty to increase student awareness of the
existence of learning objectives for each lecture, a point confirmed by Stark* in stating student attention
to objectives is necessary as a first step to utilization. Another factor to consider is whether students with
certain characteristics are more likely to utilize and benefit from learning objectives for learning. Holt has
reported that men (more than women) and medical students with sensing-type Myers-Briggs preferences
benefitted most from using learning objectives, as measured by test performance.® We did not collect this
information for this study.

Second study aim

The second aim of this study was to increase understanding of the process and obstacles involved in
having faculty include student learning objectives for every lecture.

More faculty found writing SLOs easy (46%) than difficult (31%). Although some faculty members
reported that writing SLOs was difficult, a majority of them (85%) reported no obstacles. For the 15% of
faculty who reported obstacles, one was determining the appropriate level of detail for guiding student
learning while not inadvertently confining the content faculty wished to teach. Faculty have previously
reported similar concerns, such as feeling their autonomy is threatened or they are rushed to cover all
topics to meet the objectives.* Faculty comments in our study also revealed selecting the appropriate
cognitive level (Bloom’s Taxonomy) for each lecture to be an obstacle. The reported obstacles support
the need for more faculty training, and the assistance required by each faculty may vary. Our study is in
line with others that have shown higher education faculty are not necessarily trained as teachers and
may require extensive training to implement practices that enhance student learning.**

Faculty may use lecture-specific learning objectives as a guide for their examination preparation, which
doubles as a blueprint to assist students in examination preparation. The majority (77%) of faculty
reported they implicitly informed students they will utilize SLOs for exam construction and instructed
students to use the SLOs to guide their exam preparation. This was confirmed by a higher percentage
(87.6%) of students who reported using SLOs for examination preparation. This is an important point
because even if objectives are present, students may not implicitly know how to use them in learning,
and thus faculty’s role in pointing this out to students is important.” Interestingly, 15% of faculty
members reported not using their SLOs to write exam questions, which matches the percentage who
reported obstacles to writing SLOs. They may or may not be the same faculty members. SLOs should be
broad enough only to accommodate changes in course content over time. Providing SLOs that are too
general would be hard to measure and not useful in guiding students to obtain the relevant content in the
course. Determining outcomes for each lecture can prove challenging and may require several attempts
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to properly accomplish.
Third study aim

The third aim of this study was to measure how well the course assessment test questions reflected the
student learning objectives.

The number of SLOs for a single course ranged from a low of 8 to a high of 183. For a 2-credit-hour
course, 90 SLOs are expected (based on a guideline of 3 learning objectives per lecture hour). For a 4-
credit-hour course, 180 SLOs are expected. That a course has only 8 SLOs likely means the objectives
are too broad, and therefore less likely for students to find them useful for exam preparation.

If student course performance is measured by test performance, it is important for the test items to
accurately reflect the student learning objectives.® Our study found 100% of test questions were tied to at
least one SLO for 7 out of 16 courses. Ninety-eight percent of the test questions were linked to a SLO for
15 of the 16 courses. The high percentage of linkage of exam questions to SLOs provides confidence to
the instructors that the material tested reflects the material covered in lectures. Although only a negligible
number of test questions (2%) were not linked to a SLO, on average only 63.5% of the SLOs were
tested, with a high of 100% to a low of 26% for a single course. A slightly lower percentage (50.5%) of
students reported the exams were aligned with the SLOs provided by instructors in each lecture.
Additionally, 85% of faculty reported using their SLOs as a guide to write exam questions. Because
constructive alignment of learning objectives and test items is important to ensure what is being taught is
being measured,” faculty whose test items are not 100% aligned with learning objectives may benefit
from feedback and support.

This study demonstrates the feasibility of initiating a uniform student learning objectives initiative in an
established optometry curriculum. Faculty compliance with this initiative during its first year was 89%.
This contributes to the feasibility of analyzing and generalizing the study data. The high compliance rate
suggests the faculty development program implemented prior to the SLOs initiative was successful in
providing the necessary training in instructional approach, including how best to facilitate the
incorporation of lecture-specific learning objectives for exam preparation. On the other hand, the finding
that faculty assessed 63.5% of the SLOs indicates the need to provide faculty with feedback for
continuous improvement of curricular content.

Strengths and limitations

This study is the first to document use of lecture-specific SLOs in a variety of basic, vision and clinical
science courses in a healthcare curriculum across 3 years. Well-written lecture-level student learning
objectives have important student learning benefits: they enhance student learning by directing students
to the essentials, they help students to focus their study on the material teachers most want students to
gain from their courses, and they assist teachers in determining appropriate content for exam questions.

One limitation of the study is that it did not evaluate how students utilized the learning objectives or
whether they learned more through this process, only whether they used the objectives or not. This study
also does not provide information on whether students with certain personality types are more likely to
benefit from using SLOs for exam preparation. Without information on actual test performance or specific
students, this study cannot directly confirm or reject these hypotheses.

Future implications

Well-written lecture-specific student learning objectives can be utilized to monitor student performance.
This is accomplished by linking specific test items to stated learning outcomes and tracking student
achievement. Through this process, strong SLOs can be helpful in identifying redundancies and
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omissions in the curriculum and for monitoring student learning.
Conclusion

Student learning objectives provided for each lecture assisted approximately 88% of doctorate-level
health professions students in exam preparation. Students reported that SLOs were useful as long as
they are not too general or broad. Objectives that are specific and linked to exam questions are most
valuable in advancing student learning. Almost half of the faculty reported that writing learning objectives
was easy, but nearly a third found it difficult, indicating a need for continuous feedback for faculty
development. Our study found the majority of faculty utilize specific learning objectives for test
construction, and most learning objectives are tested on exams. The incorporation of lecture-level SLOs
can be impactful for student learning and is recommended as part of the curricular pedagogy for health
professions curriculum. Whether SLOs actually change student learning outcomes needs further
investigation.
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A Look Back: Celebrating Women in Optometry

Aurora Denial OD, FAAO | Optometric Education: Volume 44 Number 2 (Winter-Spring 2019)

Aurora Denial, OD, FAAO

March is National Women’s History Month." This observance began as National Women’s History Week
in California in the 1970s as a way to increase awareness of women'’s historical contributions to the
country. In 1980, President Jimmy Carter formalized National Women’s History Week, relaying this
message to the country:

“From the first settlers who came to our shores, from the first American Indian families who befriended
them, men and women have worked together to build this nation. Too often the women were unsung and
sometimes their contributions went unnoticed. But the achievements, leadership, courage, strength and
love of the women who built America was as vital as that of the men whose names we know so well.”

In 1987, by Congressional proclamation, the week-long observance was extended to an entire month.
Trending Up Since 1899

The historical trends of women in optometry and other healthcare professions are interesting and
illuminating. The March edition of Optometric Education is the perfect opportunity to explore these trends
and celebrate contributions by women to the profession of optometry.

Around 1899, Gertrude Stanton was reported to become the first licensed female optometrist.” She was
soon followed by Millie Armstrong.? In 1912, there were 500 female optometrists.® In 1898, two women
were charter members of the American Association of Opticians, which later became the American
Optometric Association.” However, by 1968, only 368 women were optometrists in the United States,
representing 2.1% of active optometrists in the country at the time.” In 1969 only 73 females, 2.9% of
enrollees, were optometry school students.’ The 1970s saw increases in women’s enrollment, to 19% by
1979.° Despite this trend, women in the 70s accounted for a very small percentage of practicing
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optometrists.® Women faced many barriers, either real or perceived, to pursuing a career in optometry.
The barriers included social pressure to pursue a more traditional career such as nurse, teacher or
secretary, as well as a lack of role models. A study conducted by the Department of Health, Education,
and Welfare (as it was known at the time) identified barriers to the profession as stereotyped opinions,
unequal access to participate in the status and other rewards from social organizations, discriminatory
experiences, problems of household maintenance, stereotypical concerns with practice patterns, and
discrimination in placement activities upon graduation.’ Despite the barriers, political changes in the
country, such as passage of Title IX and new draft laws that no longer allowed full-time students to avoid
the military, seemed to open doors for more women to pursue the profession. Additionally, more women
were attending college overall in the 70s.’

The percentage of optometry school enrollees who were women continued to grow in the 80s, from 19%
in 1980 to 44% by 1989.° From my observations, several of the barriers identified in the 70s were still
present in the 80s. However, women in this decade did benefit from fading stereotypes regarding what
careers they should pursue. As far as enrollment in optometry schools, 1992-93 was a pivotal academic
year. Women became the majority of students enrolled.” They continue to lead in enrollment, at 54% in
1999-2000, 64% in 2009-2010 and 68% in 2017-2018.° As faculty members, in academic year
2017-2018 women filled the majority of clinical and didactic positions at the associate, assistant and
instructor levels.® At the rank of professor, women represented 29% of didactic faculty and 47% of
clinical faculty.® In 2018, 38% of tenured faculty were female, and 59% of faculty on the tenure track
were female.® In academic leadership, 43% of chief academic officers are female, and 21.4% of the
members of the Board of Directors and Executive Committee (both comprised of deans and presidents)
of the Association of Schools and College of Optometry (ASCO) are female.’

More women today are also members of optometric professional organizations. The 2018 annual report
of the American Academy of Optometry (AAO) noted that approximately 40% of fellows and
approximately 63% of candidates for fellowship are female.* Role models are often key for women
aspiring to leadership roles, and there are more of them today. Dr. Joan Exford became the first female
president of the AAO in 1993, followed by Dr. Karla Zadnik in 2011 and Dr. Barbara Caffrey in 2018.**
Dr. Dori Carlson became the first female president of the American Optometric Association in 2011, and
Dr. Andrea Thau was elected to the role in 2016.% Dr. Jennifer Smythe Coyle became the first female
president of ASCO in 2013,” and Dr. Elizabeth Hoppe became the first female editor of the ASCO journal
Optometric Education in 2005.

In other healthcare professions, similar trends have occurred. In 1971, 9.2% of medical school graduates
were female.” The percentage increased to 23% in 1979, 33% in 1989, and 48% in 2010."° Not until
2017 did the number of women enrolled in medical schools exceed the number of men."* In academic
medicine, 25% of professors, 37% of associate professors, 46% of assistant professors, and 58% of
instructors are women.* Dentistry school female enroliment increased from 2.7% in 1971 to 19.8% in
1980, 38% in 1990, and 48.8% in 2015." In 2017, 22% of the deans at the 65 dental schools across the
country were female.”

Beyond the Numbers

In the past 50 years, women in optometry have made huge strides. Women in the 60s, 70s and 80s had
few role models and many barriers to overcome. The first female optometric leaders forged ahead in
uncharted territory. We should celebrate all of our accomplishments, but not lose sight of remaining
disparities or new challenges. As faculty we have the unique role of guiding and influencing cohorts of
students throughout the years. Within our institutions, we should foster leadership in all faculty and
students while embracing and supporting the profession, women'’s contributions and the future.
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The Student Experience at Vision Expo East

 / VISION
Vv EXPO

Vision Expo continues to offer students the resources they need to help kickstart their careers. Vision
Expo East will take place in New York City March 21-24, 2019.

Optometry students can access many benefits and learning opportunities, including:

= free exhibit hall registration ($150 value)

= unlimited free education (students should arrive prior to a course’s start time and can attend for
free if it's not sold out)

= networking events and programs

= Career Zone, a new destination at Vision Expo East on Level 1 of the exhibit hall, provides the
opportunity to meet with optical companies and associations face-to-face and is designed for
relaxation, community and learning (In the Career Zone, visit the
NewGradOptometry/CovalentCareers booth (C4067) to network and hear panel discussions on
hot topics; click here for more information)

= the Career Zone Passport Program provides students and young professionals a card (printed
automatically at badge retrieval) that can be stamped by each vendor for a chance to win prizes
and gift cards

» at the Owning Your Future session, presented in collaboration with the New York State Optometric
Association and SUNY College of Optometry and scheduled for Saturday, March 23 from 1-2:30
p.m., students can learn how to stand out and be an effective leader as well as receive free tickets
to the Rockin’ For New Eyes party on Saturday night

For more information on benefits for students and young professionals, e-mail Diane Tiberio.

Power of One Program Adopts Broader Focus for Practice Revenue Growth

Alcon
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Alcon’s Power of One Program is expanding beyond a contact lens strategy to one that aims to improve
overall practice revenue. The new Power of One 2.0 Program is harnessing the power of aggregated
consumer health and purchase behavior data to support contact lens penetration as a strategy for
improving practice revenue per patient across all goods and services. Toward that goal it will provide
best-in-class training.

According to new data from the program, contact lens wearers generate, on average, 123% more per-
patient annual revenue for optometry practices than glasses-only wearers. Also, compliant contact lens
wearers return to their eyecare professional for routine eye exams an average of three months sooner
than noncompliant patients; 87% of daily disposable contact lens wearers replace their lenses as
scheduled, while only 34% of two-week replacement contact lens wearers do so; daily disposable lens
wearers spend up to 77% more annually on all goods and services sold by optometrists compared with
two-week replacement lens wearers; and patients who wear multifocal daily disposable contact lenses
spend 285% more than those who only wear glasses.

Taskforce Anchors Myopia Initiative

@SSILOR

Responding to the dramatic increase in the prevalence of myopia in the United States in recent years,
Essilor has created a partnership with 14 leading vision experts to take immediate action to better treat
and manage myopia. The plan includes the creation of a Myopia Taskforce and the establishment of a
recommended protocol for comprehensive myopia care as part of the Myopia Initiative in Action (MIA)

program.

“The rate at which the prevalence of myopia is increasing is staggering,” said Millicent Knight, OD,
FAAO, FAARM, Senior Vice President of Customer Development at Essilor of America. “True to our
mission of improving lives by improving sight, we are bringing together some of the industry’s top
eyecare professionals with diverse areas of myopia interest and expertise to address this problem
together through new research and open collaboration.”

The members of the Myopia Taskforce are:

= Thomas Aller, OD, FBCLA
= David Anderson, OD
= Craig Brawley, OD, FAAO
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= Mark Bullimore, OD, PhD, FAAO
= Alan Glazier, OD, FAAO

= John Lahr, OD

= Maria Liu, OD, PhD, MPH

= Pamela Lowe, OD, FAAO

= Moshe Mendelson, OD, FIAO
= Pamela Miller, OD, FAAO

= Yi Pang, OD, FAAO

= Earl Smith, OD, PhD

= Long Tran, OD, FAAO

= David Troilo, PhD

In 2018, Essilor launched an awareness campaign focused on myopia, particularly myopia among
children, which educated parents about early indications of nearsightedness and urged them to schedule
a comprehensive eye exam for their children.

New Progressive Lens Technology

HOYA

Refining its familiar iD LifeStyle 2, HOYA Vision Care launched iD LifeStyle 3, a progressive addition
lens that addresses patients’ focal and adaptation issues when they have a different prescription in each
eye.

iD LifeStyle is built on Hoya'’s patented Integrated Dual Side Optics platform and incorporates Binocular
Harmonization Technology (BHT). BHT ensures that both eyes receive equal accommodative support,
according to the needs of each eye, to achieve optimal binocularity, which helps to ensure easy
adaptation. Also, iD LifeStyle 3 has three easy-to-prescribe wearer profiles to choose from. Indoor places
emphasis on near vision focus; Urban applies equal focus to all main vision areas; and Outdoor puts its
primary focus on distance. Options for varying the corridor are also available.

For more information visit the company’s website.

Students Earn Opportunity to Participate in Mission Trip

I&b(O'ITOI
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Fifteen optometry students are about to embark on a mission trip to Campeche, Mexico, on the Yucatan
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Peninsula in conjunction with OneSight and its founding global sponsor Luxottica. The students were
chosen for the trip, scheduled for May 11-18, 2019, based on a variety of criteria including a personal
essay. They are: Rebecca Aquije, SUNY College of Optometry; Lindsey Colliver, Indiana University
School of Optometry; Sinead Flood, Indiana University School of Optometry; Astiney Franklin, MCPHS
University School of Optometry; Tasneem Maner, Salus University Pennsylvania College of Optometry;
Angelica Mcintyre, Southern College of Optometry; Lindsay Michaud, New England College of
Optometry; Kimberly Murray, Nova Southeastern University College of Optometry; Nitya Murthy,
University of Pikeville Kentucky College of Optometry; Lily Nguyen, Southern California College of
Optometry at Marshall B. Ketchum University; Sarah Oh, University of Waterloo School of Optometry &
Vision Science; Aaron Ransome, University of Houston College of Optometry; Brooke Segerstrom,
University of the Incarnate Word Rosenberg School of Optometry; Stephanie Shoults, The Ohio State
University College of Optometry; and Montana Williamson, Western University of Health Sciences
College of Optometry. Three alternates were also chosen: Nigenda Griffin, Northeastern State University
Oklahoma College of Optometry; Celesti Hao, University of California — Berkeley School of Optometry;
and Sherene Vazhappilly, University of Waterloo School of Optometry & Vision Science.

During the mission trip clinic students will work under the supervision of Luxottica Retail-affiliated doctors
performing comprehensive eye exams. They will also help support a core team of Luxottica volunteers in
frame fitting and manufacturing and dispensing of new eyewear. The nonprofit OneSight partners with
local health organizations, governments, school districts, industry leaders, doctors and volunteers to
provide access to quality vision care and glasses in underserved communities worldwide. The National
Optometric Student Association supported and promoted this year's application process.

Contact Lens Named Among “Best Inventions of 2018”

gcﬁmdgt:rﬂvnw"

VISION CARE, INC.

TIME magazine named ACUVUE OASYS with Transitions Light Intelligent Technology as one of the
“Best Inventions of 2018” in its annual round-up spotlighting groundbreaking innovations worldwide. The
two-week contact lenses not only correct vision but also help reduce exposure to bright light indoors and
outdoors, including filtering blue light and blocking UV rays that can affect eye comfort and vision. They
continuously adapt from clear to dark and back, helping eyes adjust to changing light better than they
would on their own.

ACUVUE OASYS with Transitions contact lenses were developed through a strategic partnership
between Johnson & Johnson Vision Care, Inc. and Transitions Optical Limited. They're marketed by
Johnson & Johnson Vision Care, Inc.
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Student Grant Winners Announced

NnNATIONAL

1N (

National Vision announced the winners of its 2018-2019 student grant program, which challenged
applicants to explore the important role optometrists play in making a positive impact on public health
issues. As part of their submissions, students were asked to explain how they planned to combat a
national or regional public health issue as a future Doctor of Optometry in a 500-word essay or short
video submission. A panel of optometrist judges from National Vision selected the winners:

= first place ($5,000 grand prize), Sherene Vazhappilly, University of Waterloo School of Optometry
& Vision Science, class of 2019

= runner-up ($1,000 prize), Astiney Franklin, MCPHS University School of Optometry, class of 2020

= runner-up ($1,000 prize), Natalie Wu, New England College of Optometry, class of 2019

Acknowledging all of the applicants, National Vision’s Vice President, Professional Services Alexander
Smith, OD, said “The key to almost all health issues is early detection. Because many optometrists are
naturally on the first line of defense, we believe that improving public health is one of our core
responsibilities. The strong submissions we received this year reinforced that today’s optometry students
understand this responsibility and are eager to make a difference. While we could only pick three
winners, we're confident all students who participated will benefit public health after graduation.”

FDA Clears Lens Coating Designed to Improve Wearing Comfort

BAUSCH+LOMB

See better. Live better.

Bausch + Lomb received 510(k) clearance for use of Tangible Hydra-PEG custom contact lens coating
technology with several of its leading Boston gas permeable materials, including Boston XO, Boston
X02, Boston EO, Boston ES and those utilized in the Zenlens scleral lens family. The coating technology
gives eyecare professionals the opportunity to enhance contact lens customization for their patients
using these Bausch + Lomb lens offerings. In June 2018, Bausch + Lomb entered into a worldwide
licensing agreement with Tangible Science, LLC, a company whose mission is to create technologies
that improve the contact lens wearing experience. Tangible Hydra-PEG is a high-water polymer coating
that is bonded to the surface of a contact lens to address contact lens discomfort and dryness. Click here
for more information.
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Company Joins Private Equity Firm’s Holding Group

Private equity firm Atlantic Street Capital is adding diagnostic equipment supplier Marco Ophthalmic to
its Advancing Eyecare Holdings group. The group also includes Atlantic’s portfolio company Lombart
Instrument as well as Innova Medical and Enhanced Medical Services (EMS). Atlantic aims to create a
North American market leader in distribution of new and pre-owned products, services and solutions to
enhance and expand the services provided to the eyecare industry.

Upon completion of the transaction, expected by the end of the first quarter of 2019, David Marco will
continue as a meaningful investor in the business and will join Advancing Eyecare as Co-Chairman of
the newly formed company and help advise the senior management teams.

New Software Packages Enhance Diagnostic Data Processing

Nidek launched two new software packages for use with the NAVIS-EX centralized image filing system,
one for the CEM-530 specular microscope and another for the AL-Scan optical biometer. The viewing
software packages allow viewing, calculations and processing of data within NAVIS-EX after
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measurement with either instrument.

With the CEM Viewer, an unlimited NAVIS-EX database is available for reviewing CEM-530
measurement data on an external computer. Data can be reviewed for progression over time and two
data sets can be compared for monitoring endothelial changes over time. Images and analyses of the
paracentral and peripheral areas can be displayed for a comprehensive image of endothelial cells. The
basic functions of the CEM-530 including endothelial cell count can be performed on the CEM Viewer.

Executive Changes at Rev360

revolutionEHR
freedom to focus

Scott Filion has been promoted to CEO of Rev360, the company behind RevolutionEHR and a suite of
practice solutions for eyecare professionals. Formerly President and COO, Filion now oversees
Rev360’s three business units: RevolutionEHR, Professional Eye Care Associates of America (PECAA)
and Visionary Partners. The company’s founder and former CEO, Scott Jens, has assumed a senior
advisor position to the Board of Directors.

In addition, Rev360 named Corey Crawford to the role of Vice President of Operations for
RevolutionEHR. Crawford, formerly the Director of Product Management, is now focused on fusing
software solutions to create a comprehensive and cohesive experience for customers.

General Manager, India Appointed

LY

Volk Optical appointed Sunil Bharti, MBA, to the role of General Manager, India. In this position, Bharti
leads Volk’s sales and marketing organization in India and is responsible for establishing and
implementing the strategy for continued growth in the region. He works closely with doctors and
healthcare institutions to understand the Indian market’s unmet needs and provide the best solutions
from Volk’s portfolio of diagnostic and therapeutic lenses, surgical instruments and ophthalmic imaging
devices.

Bharti brings more than 20 years of medical device and life sciences experience to the role. Most
recently he served as Deputy General Manager of Sales for Perkin EImer Genomics-India.

Annual Educator’s Meeting and IACLE Americas Award
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The annual CooperVision Educator’'s Meeting took place in Las Vegas on Jan. 24, 2019. This year's
meeting was the first to be cohosted by CooperVision North America Professional Affairs and
CooperVision’s newly formed Specialty Lens Division, led by Juan Carlos Aragon, OD. Along with a
think-tank competition and presentations on the myopia epidemic and myopia control, the meeting
featured several updates, including that the CooperVision Adopt-a-Patient program is expanding to
include specialty lens division products.

Lyndon Jones, PhD, DSc, FCAHS, FCOptom, FAAO, Professor and Director of the Centre for Ocular
Research & Education at the University of Waterloo School of Optometry and Vision Science, received
the International Association of Contact Lens Educators’ 2018 Americas Contact Lens Educator of the
Year Award, which was presented to him by Michele Andrews, OD, Sr. Director of Professional and
Academic Affairs for CooperVision.

Results from the Annual Employee Perceptions of Vision Benefits Survey

Transiti@Gns

According to the 10th annual Transitions Optical Employee Perceptions of Vision Benefits survey, eight
in 10 people are plagued by vision-related symptoms at work, ranging from eye fatigue and headaches
(half of employees) to dry eyes and blurred vision (more than one in three employees). The survey
uncovered two factors specifically — digital eyestrain and light sensitivity — that have been linked with
these symptoms and are affecting employees’ ability to do their jobs.

While the vast majority of the surveyed employees reported they have taken steps to protect their eyes
from light sensitivity and digital eyestrain at work, the survey revealed few are using the right eyewear,
such as anti-reflective or no-glare coatings, photochromic lenses or blue-light-filtering lenses, to help.
Eight in 10 surveyed employees reported they would be likely to purchase premium lens options if their
eye doctor recommended them.

To help elevate the importance of comprehensive eye exams and quality eyewear available through
vision benefits, Transitions Optical offers a variety of employee and employer focused tools and
education. These can be accessed, free of charge, at HealthySightWorkingforYou.org.
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