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Abstract. This study focuses on how students apply previous learning of light and basic geometric optics to the context
of wavefront aberrometry. In one aspect of this study we compared the application of previous learning of students who
had studied light and basic geometric optics in a physics course with those who had not and thus could only apply
knowledge obtained in an informal way. We sought to examine what differences exist in the way they construct an
understanding of wavefront aberrometry. The data showed that students with no formal instruction tended to rely on

experiential knowledge as one would expect. However, the students with formal instruction relied on textbook
knowledge and tended to discount or ignore their everyday experiences. We will discuss what this difference in
knowledge types might imply about the knowledge construction process.
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INTRODUCTION

For the past several years, we have undertaken a
series of studies to investigate how students apply their
knowledge or learning in physics to understand
phenomena that they have not previously seen. One
such investigation looked at how students apply their
knowledge of light and basic geometric optics to the
new context of wavefront aberrometry. Wavefront
aberrometry diagnoses vision defects by utilizing the
optical properties of light instead of the subjective
judgment of patients [1, 2]. It is relatively new to
ophthalmology and thus provides a good context for
this type of research.

Recently we examined the resources that two
groups of students use as they constructed an
understanding of the physics of wavefront
aberrometry.  One group had completed formal
university instruction in geometrical and physical
optics (called the post-instruction students) while the
other group had not (pre-instruction). One aspect of
the investigation was to address the research question:
What are the differences, if any, in the resources used
by pre- and post-instruction students and the ways in
which they use prior knowledge when constructing an
understanding of this new context?

LITERATURE REVIEW

Much work has been conducted regarding students’
understanding of light. These efforts include students’
views on the flux concept of light [3], the application
of light in real world situations [4], and light
propagation [5].

A large body of work also exists on student
understanding of lenses and geometric optics. In
studies by Goldberg and McDermott, students were
found to have difficulty understanding image
formation by a plane mirror [6] and converging lenses
[71. Galili et al. found a similar result, calling
students’ conceptualization of image formation a
“projected-image conceptualization ... a hybridization
of their pre-instruction holistic conceptualization and
the formal physics conceptualization [8].”

METHODOLOGY

The research was conducted through individual
learning/teaching interviews [9] with students who
were both pre- and post-instruction in light and basic
optics. The data sources for this study consist of the
video and audio recordings of the interviews, full
transcriptions, student sketches and field notes, all of



which  were analyzed with an
phenomenographic approach [10].

During each interview of approximately 45
minutes, students were encouraged to think-aloud as
they responded and to explain their reasoning for all
answers. For details about the model aberrometer,
interview protocol, and procedures, see [11].

In agreement with our previous work, the data were
analyzed in such a way to identify the resources
students utilize when constructing an understanding of
the new context of wavefront aberrometry. Resources
can be thought of as the fragments of information,
knowledge, and experience that individuals bring to a
new situation or context [12]. In this perspective,
resources are universal and encompass all knowledge,
and are classified as neither correct nor incorrect.

overarching

Student Demographics

The pre-instruction students were enrolled in the
first-semester of introductory-level algebra-based
physics, but had not yet received any formal
instruction on the topics discussed here.

The study was also conducted with post-instruction
students. This group was enrolled in the second
semester of an introductory-level algebra-based
physics course at Kansas State University. The course
is a traditional lecture-recitation-laboratory class. At
the time of the interviews, students had completed
their entire unit on light and optics including lectures,
recitations, textbook homework problems, and an
exam. The coverage included the topics of light,
mirrors, lenses, and basic information about the human
eye such as the optics of near- and farsightedness.

It should be noted that a second group of students
was also interviewed. These students completed a
research-based learning activity on optics of the
human eye that was constructed by us and included
both hands-on and computer visualization activities.
Given the length constraint of this paper, we will focus
on only the pre-instruction and traditional post-
instruction groups.

RESULTS AND DISCUSSION

To compare the pre-instruction and post-instruction
students, four aspects of the knowledge construction
process were considered: basic knowledge about
vision, activated resources for understanding
wavefront aberrometry, approach to knowledge
construction, and the scaffolding which we needed to
supply for the students to reach that understanding.

Prior Knowledge about Vision

This study found that both pre- and post-instruction
students have similar prior knowledge about vision
and the human eye. First and foremost, nearly all
students have an incomplete and self-inconsistent
understanding of how the human eye functions. Both
pre- and post-instruction students tended to describe
the eye as a single-lens system, composed of a lens
and a screen (the retina). When asked about vision
defects, less than half of the participants could explain
near- and farsightedness. = Of those who could
accurately describe the defects, the vast majority
indicated that they had corrective lenses for a vision
defect. Most of the students felt that the problems
resulted from a defect in the lens of the eye, and made
no mention of the shape of the eye. In general,
knowledge of the eye varied widely among students
and did not seem to depend on previous instruction.

Activated Resources

When discussing the functions of the human eye
and the wavefront aberrometer, the two groups of
students used many of the same resources. Some of
the common resources used by both pre- and post-
instruction students follow, along with student quotes.

e The shape of a lens affects the image focus (11 of 19
students)
“Well, this ... would change the diameter
of the lens, which would determine how
focused something would be.”
® Lenses divide up the light (12 of 19 students)
“then the [array] lenses are breaking up
light ... and focusing it to their own
point.”
e Light entering a lens differently will focus differently
(16 of 19 students)
“If you have a defect [in the lens], it’s
going to change the way that the light
comes out of it, so it would have an effect
on these lenses [of array] and how it
comes out of them.”

Beyond these resources, students who were post-
instruction also had additional resources dealing with
lenses, light, and the human eye. Listed here are three
such resources that were particularly useful to students
as they constructed an understanding of the
aberrometer, but which were not exhibited by the pre-
instruction students.



® The shape of the eye determines the focal point
“You’re looking at changing the distance,
as far as the back of the eye ... it just goes
hand-in-hand with the length of your eye.
So if you move it [the retina] back, you’re
going to have to move this [the screen]
either backward or forward, I just don’t
remember which.”

e [enses redirect the light
“Well, it looks like it’s thicker through the
middle. So that would be for the farsighted
people — who can’t see close.” [Interviewer
asks: “Okay, so what does the lens do?”’]
“It redirects the light. So the light goes
through and it changes the focal point back
here in our eyes.”

o The distance light travels determines the angle
“If it’s a nearsighted eye, the dots are going
to get closer together because the light is
going to be coming in more parallel
compared to... like, the angle between the
top one and how far the light is away is
going to be ... the further away the light is,
the shallower the angle is.

Beyond these resources, another noticeable trend
was the type of knowledge that students tended to rely
on. For example, though one pre-instruction student
was not familiar with the term “focal-point”, he
recalled that when he was young, he could light things
on fire if he held a magnifying glass at the correct
position. This type of ‘experiential’ knowledge was
commonly discussed by the pre-instruction students.

The post-instruction students, however, frequently
recited physics variables and equations. = When
discussing image formation in regards to the human
eye, one student reasoned that:

“The dy changes, so the d; must change
since f stays the same.”

This type of reasoning through physics equations
(in particular the thin-lens equation) typically
happened when students were discussing image and
object placement, as well as when they were trying to
decide how the radius-of-curvature of a convex lens
would affect the focal point.

Knowledge Construction Approach

A notable difference between the pre- and post-
instruction student groups arose when the wavefront
aberrometer was first discussed. = While the pre-
instruction students were willing to answer questions
about the eye, they became very hesitant and reserved
when the discussion switched to aberrometry. In fact,
the learning/teaching interviews provided very little

rich data because the pre-instruction students were
hesitant to answer questions that pertained to the
aberrometer. Many students simply answered “I don’t
know” or “I’ve never learned about this before,” which
might suggest that students were in an epistemic state
in which knowledge is viewed as stuff that is
propagated from authority [13].

Post-instruction students, on the other hand, were
much more willing to discuss the physics of the
wavefront aberrometer and showed much less
hesitation in answering questions, making predictions,
and postulating explanations for the phenomena
occurring. This willingness to actively construct
knowledge may result from the larger body of
resources students seemed to have at their disposal as a
result of traditional instruction. Another possible
explanation is that their resources were better-
organized and therefore easily accessible during the
knowledge construction process. This may also
suggest that students were framing the situation as one
in which knowledge could be constructed or freely
created [13].

Necessary Scaffolding

By the end of the learning/teaching interview, all
students, both pre- and post-instruction, had
constructed an understanding of the wavefront
aberrometer. However, very different levels of
scaffolding were required for the pre- and post-
instruction students.

The pre-instruction students required scaffolding in
nearly every aspect of light, lenses, and the human
eye. Scaffolding activities included exploration of
converging and diverging lens (both hands-on and
using a computer simulation) and manipulation of
models of the human eye. Further, the pre-instruction
students had to be encouraged to apply this newly-
learned knowledge when they dealt with the wavefront
aberrometer. Many hints, cues, and leading questions
Wwere necessary.

While the post-instruction students were asked to
do the same activities as the pre-instruction students,
they approached them as verifications of their prior
knowledge. These students also readily applied their
knowledge of basic optics and the human eye while
constructing an  understanding of  wavefront
aberrometry. Though some scaffolding was required,
it was of much larger step-size than was required for
the pre-instruction students, in that fewer details were
required and the students were able to make larger
cognitive leaps on their own.

An example of provided scaffolding was the
drawing of light rays through a lens in order for them
to think about what happened to the focal point. In



many cases for the post-instruction students, this got
them thinking about how the grid pattern would shift.
However, this technique did not help the pre-
instruction students, as they had no prior knowledge
about ray-diagrams or how to determine the focal
point of the lens.

CONCLUSIONS

One important result is clear: students have a wide
range of knowledge about the human eye, its
functions, and vision defects. Students also have a
significant body of resources that they use to
understand aberrometry — some appropriately and
some inappropriately.

It appears that the students who were pre-
instruction in light and basic optics were not prepared
to construct an understanding of wavefront
aberrometry without significant scaffolding. The
students’ hesitance with the material suggests that they
did not realize that understanding wavefront
aberrometry was within their range of capability — one
might say that it was at the periphery of their Zone of
Proximal Development (ZPD) [14]. Because they were
able to activate the necessary resources during the
process of understanding when we provided
scaffolding, an understanding seemed to be within
their ZPD.

Wavefront aberrometry was well within the ZPD of
students who had some basic knowledge of light and
optics, and they were more comfortable constructing
knowledge in the new context. The post-instruction
students were therefore able to construct their
knowledge more independently and less scaffolding.

In many respects, students who had received
instruction on the eye and lenses had a more
predictable, though not flawless, understanding of the
eye. However, it appears that while traditional
instruction provided students with the confidence to
use their knowledge of optics in this new context, it
also may have hindered their use of some equally-
productive resources from everyday experiences. This
is evidenced by their (sometimes incorrect) use of
equations instead of resources they may have acquired
elsewhere — resources that the pre-instruction students
were readily able to use.

In general, students had many resources about the
human eye and vision, many of which are artifacts of
their everyday experiences. As would be expected,
students have significantly fewer resources initially
available to them about wavefront aberrometry. This
study indicates that significant differences in level of
preparedness and willingness to construct knowledge
in a new context exist between students who are pre-
or post- traditional instruction. However, this study

also indicates that, despite these differences, all
students are able to construct an understanding when
appropriate scaffolding is provided.
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