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Students should develop self-reflection skills and appropriate views about knowledge and learning,

both for their own sake and because these skills and views may be related to improvements in
conceptual understanding. We explored the latter issue in the context of an introductory physics

course for first-year engineering honors students. As part of the course, students submitted weekly
reports, in which they reflected on how they learned specific physics content. The reports by 12

students were analyzed for the quality of reflection and some of the epistemological beliefs they

exhibited. Students’ conceptual learning gains were measured with standard survey instruments. We
found that students with high conceptual gains tend to show reflection on learning that is more

articulate and epistemologically sophisticated than students with lower conceptual gains. Some
implications for instruction are suggested. 2002 American Association of Physics Teachers.

[DOI: 10.1119/1.1503377

[. INTRODUCTION these weekly journals and by using standard measures of
conceptual understanding and problem-solving ability, we

There is growing recognition in research about studenhope to begin to answer three questions related to epistemo-

learning that students’ epistemologies play an important rolgogical beliefs and self-reflection:

in helping them construct knowledge. The word “epistemol- . . .

ogy” is used in many different waysWhen applied to stu- (1) Wh_at do s_tudents prefer to de:‘scr]be while .reflectmg on

dent learning, we can understand student epistemologies as eir learming?(We call these “epistemological prefer-

their beliefs or views about how knowledge is constructed ences.) . -

and evaluated. These beliefs have always received attentié® HOW might the amount of reflection they exhibit relate to

from researchers, and interest among both teachers and 5 their conceptual learning gains?

searchers has increased dramatically in recent years. ) How might their epistemological preferences relate to
The use of interactive curricula and pedagogical tech- their conceptual learing gains?

nigues based on research in physics education is also on theB ining th lationshi h to beain t

rise, especially in the introductory courses. Many instructors y examining these refationships, we hope to begin 1o

and researchers have focused on developing and assessWerStand the kinds of reflection that are most productive
0

student conceptual understanding and problem-solving skilll’" conceptual learning in physics and to explore the impli-
ations for instruction that they suggest.

in these courses. At the same time, little has been done { The theoretical underoinninas of the study are explored in
measure or address students’ epistemological beliefs in the§e P 9 y P

settings, or their possible relationship to conceptual an m?:fﬁ dlilﬁ SeocLEIronszlilri’]el)éplilenIZcft?grgurr?‘]Setﬁfo(tjhearijUdgusr dceosoll?nn’
problem-solving knowledge. 9 P 9

Epistemological beliefs may depend on the specific con—SCheme for ana!yzmg the Weeklly Reports. In Sec. IV we
tent domain. If so, measurements in a variety of conceptue{?resem our qualitative and quantitative findings. A summary

areas will have a better chance of more accurately reflecting.nd conclus!ons_ are presented in Sec. V,_and in Sec. VI we

the diversity and consistency of the beliefs. Beliefs might iscuss the implications of the results for instruction.

also depend on the particular way in which they are mea-

sured. Questionnaires and interviews are commonly used {9 REVIEW OF THE LITERATURE

study students’ epistemologies, but neither is an integral part

of the instruction; other measurements may provide results Researchers have characterized personal epistemological

that are more relevant to instruction. beliefs in several different ways. Most include beliefs about
This study makes use of Weekly Repottepen-ended how knowledge is constructed and evaluated and how know-

journals that have been used in a number of differening occurs’ Most have chosen to think of epistemology as a

courses. In these reports, students reflect on what thesequence of developmental stayes as a few orthogonal

learned in a given week and how they learned it, by responddimensiong:’

ing to specific questions. Weekly Reports provide a context Studying epistemological beliefs is important because they

for research into students’ epistemological beliefs about difinfluence motivatiof and affect the selection of learning

ferent areas of physics knowledge. The reports were used fatrategies by studentdn particular, immature beliefs affect

two quarters with about 200 students in an existing introducstudents’ ability to integrate their understanding of science

tory physics course for honors engineering majors. concepts. Epistemology may also affect the ways that stu-
By analyzing how students reflect on their learning indents evaluate their learnifg!!
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Most studies have assumed the domain and context indéeaching assistantéTAs). Course instructors and TAs met
pendence of epistemological beliéfss Hammer and EIb}} ~ weekly to coordinate their instructional goals.
have pointed out, however, research indicates that beliefs In addition, the course embodied a learning environment
depend on the contemomainin questior® (such as disci- that mirrored the investigative character of scieffcgo con-
pline or topic within a disciplineand on the particulacon-  struct physics concepts and laws, students first observed
textof the belief'* (such as a class discussion, solo problemphysical phenomena that were carefully selected by the in-
solving, or a written survay Different resources for learning structor and presented in lectifrethen devised qualitative
may be cued in different domains and contexts. Hofer anaxplanations for the patterns they observed and tested them
Pintrich*® also call for more domain-specific research intoby predicting the results of new experimefitsThen they
epistemological beliefs, and for it to be situated in moredeveloped mathematical explanations and designed experi-
naturalistic contexts. This study aims to fill this need forments to test and find the limitations of these explanations,
epistemology research within more specific physics domainand finally applied concepts and skills to solve word and
and in a particular context, that of regular self-reporting ofexperimental problem&n recitation and laboratojyIn this
learning. way, the course structure emphasized the process of science

Thus far, only a few researchers have explored studerdnd the proper justification for scientific knowledge. From
epistemologies in the domain of introductory physits’  the epistemological point of view, the goal of the course was
Hammer's frameworR® the result of extensive interviews, to help students construct knowledge following a possible
includes dimensions for beliefs about the structure of physicpath that a scientist might take, and thus help them replace
knowledge, the content of physics knowled@®@mulas ver-  their nave epistemologies with the epistemology of physics.
sus concepjs and the process of learning physics. These Each week students reflected on what and how they
inter-related dimensions are part of the basis for the Marylearned by writing Weekly Reports. Students were asked to
land Physics ExpectatiofdMPEX) survey, a multiple-choice answer four open-ended questions:
instrument designed for introductory physics claséeRe-
sults of using the MPEX in a wide variety of physics classes(
suggest that most students, unlike physics experts, mainta{'tr})
beliefs that knowledge consists of disconnected facts and for-
mulas, handed down by authority, that are unrelated to thei{3)
everyday experiences.

These results confirm earlier findings that students hav
difficulties understanding the nature of scieft&lany high
school students consider science as a collection of faas!

do not differentiate between observational evidence and ex- :
planations of this evidenc®.Their views of the role of sci- Meé:é%pxsg)k/ 1h2|?g§ It%rég’réggﬂghﬂ@spg%ﬁri;?gg réecti on
entific models are contrary to the views of scientf3tand !

after years of formal schooling they lack an understanding ﬁ/ere randomly selected to be graded and given feedback.

the main features that distinguish science from other ment he first-quarter graders were a faculty member who had
enterprise? 9 elped design the courd&.E) and a graduate student; the

second-quarter graders were the course instructors. Graders
answered students’ questioffsom question(3)], and pro-

[ll. DESIGN OF THE STUDY vided comments on questiori4), (2), and (4). The com-

. ments to questiongl) and(2) encouraged the students to be

A. Procedure and course description precise, clear, and complete in describing what and how they

A student sample was chosen from the two-quarter physick¢arned, and prompted them to refer to the in-class observa-
sequence for participants in the Freshman Engineering Hortlons, experiments, and reasoning processes that were in-
ors program at The Ohio State University. Any engineeringtended to help them learn physics. The graders’ comments to
first-year student identified by the university as an honorgluestion(4) emphasized the need for clarity and creativity.
student could elect to take the course. The students in thé/eekly reports were worth 10% of the final course grade; as
program were genera”y very brigh‘heir average ACT score the students were told, points were deducted from each re-
is 29.83, and more than 97% of them had taken a year oort for lack of clarity or thoroughness, but not for content.
more of physics in high school. The first 10-week quarter
covered introductory mechanics; the second covered electric-
ity and magnetism. Two instructors each taught a section o Summative assessment instruments
the course in the first quarter, and two different instructors
each taught a section in the second quarter. Approximately We used three research-based multiple-choice instruments
two hundred students were enrolled in the sequence, eventp assess aspects of the students’ conceptual understanding
divided (or nearly so between sections. and problem-solving ability. The Force Concept Inventory

Research-based, active-learning strategies were employ€HCI) is a standard measure of students’ understanding of
extensively in all sections, and included interactive “lec- Newton’s laws of motion, and comprises 30 questions. It was
tures,” cooperative %roup problem-solving, and other nontragiven during the first quartgion mechanics pre- and post-
ditional innovation$® These methods had been used in thisinstruction. The Mechanics Baseline Té$MBT), a 26-item
course for several years by one of the instructors. Each wegkroblem-solving measure for Newtonian mechanics, was
students attend three 1-hour lectures, two 1-hour recitationgjiven as part of the final exam for the first quarter. In the
and one 2-hour laboratory, all employing these interactivesecond quarter, the 32-item Conceptual Survey of Electricity
engagement techniques most of the time. Recitations anand Magnetisf? (CSEM) was given before instruction and
laboratoriegwith about 30 students in eactvere taught by again as part of the final exam.

1) What did you learn in lab this week? How did you learn

it?

What did you learn in lecture and recitation this week?
How did you learn it?

What questions remained unclear?

é4) If you were the professor, what questions would you ask
to determine if your students understood the material?

Students responded via the World Wide Web; responses
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Table |. FCI and CSEM normalized gains.

Low gainers High gainers
Student 1 2 3 4 5 6 7 8 9 10 11 12
FCI 012 018 019 020 033 035 078 080 087 087 088 0.93

CSEM 006 005 031 009 025 022 072 060 064 067 080 0.77

C. The sample sample and developed an initial coding scheme. The scheme
was finalized after reading the reports of our sample students.
U Fourteen codes were developed and set into three catego-
ries. We coded indications ofhat the students said they
fearned, how they said they learned it, anidferenceswe
could make about other views about the nature of physics
eknowledge. Because the coding scheme itself is a product of
our research, it is described in the next section.

€ To measure how articulate the students were about how

From the half of the class that had the lower FCI pretes
scoregqthat is, those who had the largest chance for gave
chose the students with the lowest and the highest FCI no
malized gains(about 10 of each Normalized gain, also
known as the Hake factor, is the raw gain divided by th
maximum possible gain for a given pretest screVe re-
moved from the sample a few low-gaining students whos

MBT scores were higher than the class average, recognizing .. jearned, total numbers obde indicationsvere tallied.
the possibility that they had not taken seriously the FCI POStode indications are instances of assigning a particular code

test (which was not part of their course gradive also re- to a sentence, a group of sentences, or an idea in a report.

mo_ved a f?r\:v hi(g:gg-Egﬁining dstudenlts who_ d.id noi aghifver?ignnformation about each student’s epistemological preferences
gans on the , and one low-gaining student wWhosg, ¢ partly determined by normalizing the number of indica-

CSF'YI gain .V‘{az v?ry_ high. I.ntthits “\;]v.a}/], our sarppledult_i— tions for each code. The normalization was calculated by
mately consisted 0Of Six consistent ‘high ganers™ and six dividing the number of indications for a particular code by

;‘IOW _galnehrs,’i students \t/vh_o )[?/]ere either very successful '?t e total number of code indications for that student. This
earning pnysIcs concepts In the course or very UNSUCCESSIW, k4 controls for how much students write about their

f T?he nc:rrgalltzeq FCI ﬁams and nC)I(rrJ[]a(Ijlz.echglEl\/ll %a'n.ﬁearning. High and low gainers’ normalized numbers of indi-
or the students in each group aré listed in 1able 1. AS Weaiiong \ere compared for individual codes. Raw numbers

turned out, the low gainers were from all course sections; thgo o compared for particular code clusters, as described in
high gainers were all from one of the first-quarter sectionsg . v

and from both second-quarter sections. Thus, although the
instructor may have had some effect in the first quarter, the
effect disappeared in the second quarter.
E. Coding scheme for weekly reports

D. Weekly reports After reading the reports of several students, it was clear

We observed students’ reflective skills and epistemologicalhat they described learning in several different ways. By
views in the text of their reports. We collected 13—19 reportgusing our knowledge of epistemological dimensions identi-
from each student in our sampl@®eports from the first two fied by other$®®and our understanding of the epistemo-
weeks of the first quarter were not available for analysisjogical goals of the cours@onstructing knowledge by rep-
thus, week 1 is actually the third week, week 2 the fourth licating the processes of scienceve were able to create a
and so on to week 9. Numbering continues through the entireoding scheme for identifying and categorizing students’
second quarter with weeks 10—-19. ideas. Examples of indications of each code from actual stu-

Hammer’s interviews of introductory physics studéfts dent reports are listed in the Appendix.
focused on problem solving and textbook interpretation, and
as such were domain specific. The same is true of the Weekl
Reports; the open-ended questions posed each week, “Whét What they say they learned

ggj d)r/ggsliepl)rengifiggltljy ;g‘i’: g;%gﬁg;izr{;"g’e ?:?:s?r%%?r?ts to Students. usually listed .the things the_y Iea_trned in a gi\_/en

Reports also represent a sufficiently different contexlc fromweek’ making them relatively easy to identify. We consid-
interviews to merit their use. Reports give an alternative per-ered each mention of sqmethlng learned as eVIder_lce 'ghat the
spective on student beliefs. that may serve to replicate an tudent_ thought it was important enough to mention in the

. Y . . ) ; . port, if not actually important to learn. We used four codes

verify the findings of interviews. Or, if they provide us with . ="~

. . - . in this category.
different information, then we can begin to map out the con-
text dependence of epistemological beliefs. Also, while thg1) Formula—equations or other mathematical statements,
context of Weekly Reports is not much more natural than  or the implication that they think formulas are important,
that of interviews, they at least are an integral part of the  without elaboration on their underlying meaning.
course’s instructional agenda. They have the advantage ¢2) Vocabulary—definitions or other physics language con-
being automatically generated from students’ work in the  ventions.
course, and avoid problems with interpreting students’ body3) Concept—qualitative descriptions or mentions of con-
language and tone of voice. cepts, ideas, relationships, or limitations of these.

As one of us(E.E) helped grade the first-quarter reports, (4) Skill—laboratory design skills, measurement skills, or
she was familiar with the kinds of responses students wrote. problem-solving methods and skills, or the implication
We both read many reports of students not in the present that they think skills are important.
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2. How they say they learned reports, we agreed on which codes were indicated, although

. . . not always on the exact number of indications of each code.
The ways in which students described how they learn arey, ihat number we agreed 90% of the time.

numerous. In reading the reports, we looked for indications
of events that convinced the students that something was
true. As expected, we found mentions of the direct transmis5. Favorable and unfavorable codes
sion of information from authorityinstructors or textbooks

: ; .. Because particular ways of learning were emphasized in
and of more independent reasoning processes for galnlrrE

e course, some code indications were deemed more appro-
riate than others. In this study, we identify epistemologi-
cally favorable codes as those that indicate student reflection
on the construction of their own knowledge: reasoning using
bservational data or prior knowledge, experimental testing
f ideas, concern for coherenpeodes(7), (8), (12), (14)].
We call epistemologically unfavorable the codes that indicate
that a student reported observations without mentioning
fmaking inferences, relied unduly on authority as a source of
- knowledge, or described testing experiments without reason-
e e e IOCeSS oteared a con. M0 OF Meipretaior(codes() 10, (1L] As descrbed
cept simply by observing a phenomenon, demonstraVvays of_Iearr_ung characterized by the favorat_)le codes were
tion, or experimentconfusing an inference with an ob- emphasized in the course, and are thus considered appropri-
servation. ate subj'ects of reflection. Unfavorable codes represent ways
(7) Reasoned/derived in lecturefollowed the reasoning ©f 1€arning that are counter to the goals of the course. Al-
process by which the large class came to a concept gPoudh it is sometimes appropriate to I_earnu%gme things by
formula, by using prior knowledge and experience, ex_authorlty,. Fh's was ra_rely the case in .th.|s course.
perimental data, logic, mathematics, and/or analogies. In addlt.lon' to .Iookmg at C°de~'.‘" individually, we summed
(8) Reasoned/derived in labactively reasoned by one self the cod_e mo!lcatl_ons about learning that were almost always
or in a small group to come to a concept or formula, by?ﬂ;ﬁoapr:jaiﬁégérlﬁa?%jéiéa;gggtleng\(zgregp)p’)r(gz)’ Iﬁ(;tﬂésgrd
using prior knowledge and experience, experlmentaable codes(5), (10), and (11)]. The appropriateness of the

data, logic, mathematics, and/or analogies. :
(9 Learned by doing-learned a concept, definition, or other codes about how learning happens depended on the
' : context of what was being learned.

formula by using it, or learned a skill or process by
performing or practicing it.
(10) Authority—told or convinced by instructor, friend, text- V. RESULTS
book, or other authority figure.
(11) Predicted/tested-predicted the outcome of an experi- A. Descriptions of students’ weekly reports
ment and then conducted or observed the experiment. ) )
(12) Predicted/tested/interpretedconducted or observed an 10 provide a better understanding of the nature of stu-

experiment to test an idea and interpreted the results dients’ reflection on learning, we de_scribe here the reports of
that test. four students chosen because their reports demonstrate the

diversity in the reports of the entire sample. Morris, a low

gainer, did not write very much, and what he did write is

mostly coded as unfavorable. Walter, another low gainer,

also reflected on unfavorable ways of learning, but wrote a
Many statements made by students imply certain beliefgreat deal. The reports of the two high gainers, Theo and

about the nature of physics knowledge. Several studentdiles, show a large amount of reflection, but are focused on

mentioned the usefulness of physics knowledge in solvinglifferent, favorably coded ways of learning.

practical problems, and some expressed the expectation that )

physics knowledge should “make sense” or “fit together” 1. Morris (student 4)

COherently. These indications led to two more codes. Morris’s reports were a|Ways very brief, receiving an av-
(13) Applicability of knowledge-indication of belief that ~erage of only 3.3 codes per week. He was inarticulate, and
physical laws or concepts can and should be applied toisually mentioned only what happened in class rather than
solve new problems. what and how he learned. Sometimes it was difficult to judge
(14) Concern for cohereneeindication of belief that physi- if his physics statements were correct because they were so
cal laws and concepts fit together into a coherenpoorly worded.
whole, or at least should agree with each other and with When Morris did address his learning, he usually did it by
common sense. listing things that he learned by doing, mostly problem-
solving skills. (In fact, of just 23 codings about how he
learned, there were 14 indications lefirned by doing He
4. Inter-rater reliability used the word “tested” occasionally, but did not say if there
was any prediction; he may have used this word just because
After developing the above coding scheme, we performedt was used in class. He described some experiments, but
a reliability check. The two of us independently coded theagain in light of learning by doing rather than for observa-
reports of four different students from the first quarter. Intions or testing. A typical example from the first quarter is
every single instancésentence or group of sentenca@sthe  below.

knowledge. Many students also described practice an
simple observation as ways of learning. Some also me
tioned or implied the role of prediction and testing in con-
structing understanding, an explicit focus of the course. Wi
ultimately defined eight codes that describe indications o
how students say they learn.

(5) Observed phenomenerobserved a physical phenom-
enon, demonstration, or experiment, without mention o

3. Inferences about their views
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(1) What did you learn in lab this we&k
We learned that an object may have many com-
ponents acting on it. There is always a vertical
and horizontal component on an object in mo-
tion.

How did you learn i?

We constructed a track and raced “Hot Whéels
car” through the track. At the end of the track
was a jump that propelled the car upward. This
demonstrates that the horizontal component will
tell how far the car will travel in a given time.
The vertical component will determine the time
the car spends in the air.

From the second quarter

(2) What did you learn in lecture and recitation this w&ek

We attempted to use of anti-derivitivsic) for-
mula to find the electrostatic potential.

How did you learn i?
With attempted derivitive(sic) problems
drawn on the board.

2. Walter (student 5)

Walter was the most verbose low gainer, and wrote more
than three times as much as Morris. He mentioned learning
problem-solving and laboratory skills more often than any-
thing else, and almost always indicated having learned by

doing[code(9)] or from authoritycode(10)]. In this typical

doing the problems in groups nonetheless, it
helped all of us figure out what needed to be
done to determine how electric field affects point
charges.

Also at this time, he began to indicate that he was looking
for coherence in what he learns. None of the other low gain-
ers showed such a change.

3. Theo (student 11)

This high-gain student did not write very much, but was
very articulate about what he learned and showed a great
deal of thought and personal involvement in learning. He
often described his attempts to visualize equations and prin-
ciples, and to integrate them with his existing knowledge. He
used derivations and invented analogies, and always looked
for cause-effect relationships in equations. This example,
from the first quarter, shows his typical search for connec-
tions.

How did you learn ?
| learned about#ma by understanding that if
you touch something it starts moving. The kine-
matics equations alone do not explain this. It
makes sense to have a component based on mass
and acceleration. The bigger the object is the
harder it is to push, and the harder you push the
faster it goes.

Another example shows Theo’s efforts to use his prior

example from the first quarter, he mentions the ActivPhysicknowledge to help construct new knowledge:

simulation softwar® that was often used in lectures.

How did you learn i?

When we were learning about the projectile
motion in class this week, the best way for me to
understand the problems was to gésstructor
A] working on them via ActivePhysicésic) on
the board. The ActivPhysics is very helpful in
portraying what actually happens in the experi-
ment. It does not totally help though because it
does not give you the equation. This is where
[Instructor A] comes in. He uses the “known”
quantities to find an equation to use and then
uses it on the board to help find the answer that
ActivPhysics gives us.

By [Instructor Al showing the experiments in
class and working out the problems, | have been
able to grasp some of the things we are learning
so far.

It's clear that Walter was depending much more on th
instructor than on himself, unlike most of the high-gain stu-

dents.

However, there are indications that Walter’s epistemologi-

(1) What did you learn in lab this we&k
In lab we learned how to determine tReandy
components of a Hot Wheélgar traveling in a
form of projectile motion. We figured how to de-
termine the velocity and angles without directly
measuring them.

How did you learn ?
We learned this by applying the different kine-
matics and mathematical equations we learned.
We had a starting point and taught ourselves how
to get to the end point by just using what we
already know.

Theo had a great willingness to think deeply about what
he was learning and to extend it to new situations. This ex-
ample shows that he was aware of the usefulness of analo-
gies for developing understanding and knew that they have
limitations.

e

(2) What questions remained uncl€ar

What causes gravity in general? Is gravity like a
magnetic attraction? If so, then is it possible to
counter it?

cal reflection was beginning to change. By the end of the
second quarter, he referred less frequently to authority and In the second quarter, Theo displayed even more reflection
paid more attention to his own role in learning. For exampleon aspects of knowledge and learning, especially the devel-

he wrote:

How did you learn i?

We learned about electric fields by doing prob-
lems in class. We looked at electric fields in lec-
ture and [Instructor B taught us how they
worked but what we did in recitation helped me
the most. We did ... problems that helped us pro-
cess whaflnstructor B was teaching us. By us

1253 Am. J. Phys., Vol. 70, No. 12, December 2002

opment of knowledge. When listing what he learned in a
given week, he began to mention epistemological skills, such
as “how to prove” a particular physics principle. As early as
the first week of the second quarter, he responded with some
interesting questions:

(3) What questions remained uncl@ar
Why was it decided to make the coulomb such a
large unit?
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Table II. Total number of code indications for each student.

Low gainers High gainers
Student 1 2 3 4 5 6 7 8 9 10 11 12
No. of indications 94 94 169 43 216 119 236 239 181 202 134 152

(4) If you were the professor, what questions would you ask

] : form directions in order to see which produced
to determine that your students understood the material

circular motion. And hitting towards the center

What steps were taken to go from having no
knowledge to having a general understanding of
charged particles?

4. Miles (student 10)

Like Theo, Miles is a high gainer and understands physics

was the one that worked) was proved by hav-
ing a circular track with a break at a point to see
where the ball that was traveling in the circular
motion would tend to go without the track and it
showed that it would go straight from the last
point in the circle.

very well. However, his reports are very different from Right from the beginning, Miles emphasized making pre-
Theo’s. Miles was more articulate; he itemized what hedictions, testing them, and interpreting the reslits indi-
learned and then meticulously addressed how he learneghted by codé12)]. For example, he saw when test results
each item. Rather than focusing on his own role in constructdid not make sense, and elaborated on possible causes. This
ing understanding, he addressed how the class developetinphasis continued throughout the two quarters. He also re-
knowledge and how knowledge was ultimately justified.alized that the application of new knowledge to solving prob-
Also unlike Theo, Miles never asked questions in part 3, andems and the need for it to fit coherently with existing know!-
asked only unimaginative questions in part 4.
Miles recognized derivation as a method of acquiringexample refers to an experiment conducted by his lab group.
knowledge, and was very adept at following the reasoninqz) What did you learn in lab this we@k
processes of the class, as this example shows.

(1) What did you learn in lecture and recitation this w&ek

1254

We learned about projectile motion. We learned
that in projectile motion, the horizontal compo-
nent of the velocity is always consta(i). And
the total time in the air is determined solely by
the vertical component of the velocit®). So the
vertical and horizontal components of the projec-
tile velocity are independent. Also Newton’s sec-
ond law can be used to solve projectile motion
problems(3). We also began to learn about cir-
cular motion. In circular motion the force is di-
rected towards the center of the cir¢/e and the
object in circular motion will want to go in a
straight line(5).

How did you learn i?
We learned(1) through a simple demonstration
where a cart with a vertical ball launcher,
launched a ball by a sensor just before it went
under a bridge and when the cart came out at the
other side of the bridge it was caught in the
holder. So the horizontal was the same as the
cart, which was constant, so it was too constant.
We proved (2) by doing a problem where a
canon(sic) is at a given angle and velocity. Then
we use the vertical part of the and found the
time and used the time to find the horizontal dis-
placement and that gave the right val(®. was
verified by being given the maximum vertical
and horizontal displacements of a projectile.
From there we found the angle to aim the canon
(sic) to get the ball into the box. Then we tested
our predicted value in the experiment and it
worked. For the circular motiofd), we showed
that by rolling a bowling ball and then hitting the
ball with a hammer, the force, in different uni-
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edge could serve as additional tests of its validity. This

We learned the difference between static and ki-
netic friction and how to measure both types of
friction.

How did you learn it?
We found the coefficient of kinetic friction by
adjusting the incline of the track so that the mon-
ster truck would neither move up nor backwards
rather slide, that way it would be kinetic friction.
Then with the appropriate force diagram we were
able to calculate the coefficient. Then using our
experimental value we predicted what hanging
weight the truck could pull over a pulley on a
lower incline. The prediction and the actual
value were withi 3 g so it wassufficient proof.
To find the static friction we did the same
method as for kinetic expe¢sic) the truck was
not in motion this time. To verify that value for
static friction, we predicted what weight the non-
moving truck could start to move, and that value
too verified our predictions.

Miles’s reports did not change significantly in the second
quarter, but remained excellent examples of very thorough
reflection on the construction of new knowledge.

B. Amount of reflection of the two groups

The total number of codes attributed to the reports of each
student(over the 20-week perigds listed in Table Il. The
high gainers clearly wrotéon averagemore about what and
how they learned than the low gainers. However, how much
they wrote about their learning is not the whole stomat
they wrote is just as important, as closer examination reveals.

Walter (student %, the verbose low gainer with 216 code
indications, frequently focused on authority as a source of
knowledge, as described in more detail above. In fact, his
weekly reports were coded fauthority more than twice as
much as the reports of any high-gain student. For example,
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0.25 .
[] Low gainers

4 High gainers
0.20 1
0.15 1

T ey

1 2 3 4 5 6 7 8 2 10 11 12 13 14
Code

Fig. 1. Average normalized number of indications for
each code, for high gainers and low gainers. The error
bars are one standard deviation in length.

one week Walter wrote, “We were told that an external forcefrequently tried to connect what they were learning to their

acting on a moving object can change the energy of the sygrior knowledge of physics or the natural world.

tem.” Meanwhile, the high gainers who wrote relatively little  The raw numbers of favorable and unfavorable code indi-

about how they learne@vith 134 and 152 code indications cations for each student are shown in Fig. 2. It shows that the
concentrated on their own personal role in constructindhigh gainers and low gainers focus on different aspects while
knowledge. As Thegstudent 11 reported about a lab activ- reflecting on how they learned something. High gainers re-
ity, “We had a starting point and taught ourselves how to gefflect more on the construction of coherent knowledge than
to the end point by just using what we already know.” low gainers, who focus more on rote learning. An indepen-

C. Epistemological preferences

Although each student was somewhat consistent in Wha'S0 ] Low gainers (N=6)
he or she wrote, clearly preferring to describe some ways o170 T—
learning over others, each showed a number of different in-g |
dications(that is, each student’s collection of reports for the
20-week period merited several different coddsigh and
low gainers, on average, showed differences in some of the40
codes and not in others. The average normalized number c

indications for each code for the two groups is shown in Fig.
1 20 |

In terms of what the students say they learpemtles(1)— 10 | r‘
(4)], both groups frequently mentioned concepts and skills
and hardly ever mentioned scientific vocabulary. However, 0 7 2 1 6 35 3 2 12
the low-gain students mentioned equations and formulas Student number
[code(1)] much more often than the high gainers. @)

There were also important differences in how they said 80
they learned. Coded) and(8) indicate that high gainers are [ Low gainers (N=6)
much more focused on reasoning as a way of knowing thar70 +— B Hich gainers (N6
are low gainers, who mention experiments and observation:g el !
without explanation[code (5)] more frequently than high
gainers. Low gainers also indicate learning by ddingde 50
(9)] much more often than the high gainers. Low gainers as ¢40
whole (not just the verbose student, Waltéiave a stronger 30 ]
focus on authoritycode(10)] than high-gain students. Mak- —
ing predictions, testing them, and interpreting the results was20

. High gainers (N=6)

an important emphasis in the course. The related cgdés ]

and(12)] did not appear particularly often, but still indicate I_’_

an important difference between the groups. High gainers 0 7 2 1 6 5 3 9 12 11 8 7 10
mentioned prediction and testing 52 times in all, and went on Student number

to describe interpretation of the results on 45 of those occa®
§|0ns. Thhose Ir?w %alngrs th meztl.oned predllctlon ?‘nd tes{fig. 2. Raw numbers of favorable) and unfavorabléb) code indications
ing, on the other hand, mentioned interpretation only 10 o or low gainers and high gainers. () numbers are ordered from smallest

32 times. There was also a Iarge_ difference in cotié), to largest within each group; ifb) they are arranged to match the student
concern for coherencelThe high-gain students much more order of(a).
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12 o Formulas By analyzing students’ answers to the question, “How did
—e— Concepts you learn it?” we found that students focused almost exclu-
10 ivieFavorable sively on experimental evidence, logical reasoning, practice,
- % -Unfavorable N and authority. They also indicated common sense, the appli-
g s cability of knowledge, and its coherence as factors affecting
A / \ their learning. This focus allowed us to develop 14 codes for
é P " characterizing three aspects of student reflectiohat they
i F A g -/ y \X learned, how they learned it, and inferences about bgliefs
i A S : % i L This coding sch_eme is a representation of our fmdmg_s.
" .' T N The fact that it was possible to code student reflection on
x' X o M H \ﬁ‘ the construction of knowledge with a limited number of
2 l y ){E_, < ‘* '-‘ codes shows a general consistency across different students
VR X A X 7% X A and diverse physics content. This finding suggests the possi-
0 KO- — 000 % bility of using the same coding scheme to analyze student
0 5 1o 15 20 interviews and classroom interactions to compare findings of
Week different studies.
Fig. 3. Raw number of code indications per week for Gldstudent 7, (2) How might the amount of reflection they exhibit relate to
including codeg1) (formulas and (3) (concepts and favorable and unfa- their conceptual learning gains?

vorable code groups. .
grodp Our results suggest a correlation between students’ con-

ceptual gains and their ability to reflect on their learning.

dent samples t-test shows the differences between high afdost of our low gainers did not write much about how they

low gainers’ averages on each of these two composite meag@ned, compared with the high gainers. At the same time

sures to be significant at the<0.05 level. we foqnd exceptions to .thIS rulg: in our small s_ampl.e, one
The distribution of codes for different weeks shows thatIow gainer reflected on his learning in great detail, while two

the character of student reflection on learning depends solegh gainers did not write a great deal. These high gainers

what on the week, showing some dependence on the specii’l%f)netlhglesf3 V\f/elrle ablethto reflect on the co_nstlructlon bOf
physics domain. Figure 3 shows this distribution for one nowiedge by following the reasoning process in class or by

high-gain student, Gloridstudent 7. We can see that al- making knowledge relevant to their personal experience.

though Gloria usually focused on reasoning and other favor] €Y also tried to make coherent sense of the material by
isking profound questions. These exceptions might mean

able learning approaches, there were more unfavorable r tit t be th titv of reflecti but it lt
flection indications during weeks 3, 10, and 18. Instruction in. 2+ 't May not be theé quantly of refiection, but 1ts quality
those weeks focused on projectile and circular motion, eIecf[-ha.t matters, anq stug:ient questions might provide worthwhile
trostatic forces and Coulomb’s law, and magnetic flux anolns'ghtS mtg their e.plste.mologlcallpreferences.
electromagnetic induction, respectively. Gloria appears td3) How might their epistemological preferences relate to

have had difficulties interpreting numerous experiments that  their conceptual learning gains?

were shown in lectures during these weeks. An unsteady apalysis of specific codes suggests a possible correlation
“zigzag” pattern is common to all students in the sample, forpanyeen conceptual gains and epistemological views. Low
all codes. conceptual gainers were more likely than others to mention
learning activities that are epistemologically less desirable:
V. SUMMARY AND CONCLUSIONS learning formulas without heeding their conceptual implica-

: . tions, learning from authority, and predicting and testin
The results of our analysis of Weekly Reports using our, g Y P g g

di h Pat diff q do in f without interpretation. High gainers, however, more fre-
coding scheme suggest that difierent students do In Tact resyently referred to reasoning and interpretation of experi-
flect differently on the construction of knowledge in the

. J . . mental results, and showed more concern for the coherence
same instructional environment. For example, even if they knowledge than their counterparts.
course is structured in an epistemologically favorable Way More extensive research is needed to verify these tentative
SN : Yelationships. However, the possibility of such connections
some of them still think that they learn from authority. implies that “good” students have knowledge that is appro-
We selected a sample of students for the study based Qfljate epistemologically as well as conceptually, and that

the improvement of their conceptual knowledge. All 12 Stu-ey are petter at reflecting on what they learn and how they
dents in the study started learning mechanics and electrap, it

magnetism in college with low pretest scores, compared with

their classmates. Six of the students finished with low post-

test scores in each quarter and six finished with high scored/l. IMPLICATIONS FOR INSTRUCTION
This separation showed that students in the first group were o its imolv that when it o . hvsi
less successful in learning in the course. We found that dif- Ul FeSUILS Imply that when it comes 1o learning pnysics
ferent students from two sample grouflew gainers and concepts, student epistemologies matter. This _conc!usmn is
high gainerg exhibit preferences for different ways of learn- consistent with the research of others in different

: " - contexts>®18|t is only the beginning of our investigation of
g]c?s.e(?lijr: Ss(t;:)d;: addressed the specific research quesnorifé)is connection, but this study of 12 students during 20

weeks of college physics instruction suggests that we might

(1) What do students prefer to describe while reflecting orbe able to enhance student content learning by encouraging
their learning, that is, what are their “epistemological appropriate epistemologies. If this is in fact the case, then
preferences?” there are strong implications for instruction. Although the
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effects of the approaches listed below have not been caré4) Skil—We learned that when dealing with a complex
fully measured, we have used them in this course and recog- force problem, splitting forces into components is a
nize that they might contribute to the development of sophis- way to solve it.
ticated epistemological thinking:

Students could be encouraged to reflect on a regular basisow they say they learned

on how they construct content knowledge and acquire skillsis)  Opserved phenomenere observed that the insula-
Although Weekly Reports are a time consuming way to doit, — tjon pipes rubbed with natural fur repel each other, if
the same goal can be achieved by putting similar questionsin e pipe is rubbed with the natural fur and the other
homework assignments or in laboratory reports. The latter  gne with synthetic, they attract each other.

approach also encourages students to see reflection as @) Constructed concept from observatieThen we ob-

integral part of doing science. , _ served a ball being compressed on a spring and watch-
Another way to encourage content-based reflection might ing the spring shoot the ball up. This displayed the
be to ask content questions that call for the justification of elastic potential energy of a spring.

knowledge, such as, “How can you convince a friend tha7) Reasoned/derived in lectureéWe derived the expres-
two objects always act on each other with forces that are sion v=ir with simple experiments where a certain

equal in magnitude?” : S current was placed into a circuit and compared with
We can also design questions that will indirectly encour- voltage. We then found a liner relationship between
age students to reflect on how they know what they know by them and found the equation.

asking them to make a decision, ::pr exam.;fjlg, “You ha\{eha(s) Reasoned/derived in labWe then determined the wir-
motorized toy car. How can you find out if it moves wit ing of a box with six light bulbs and six switches which

constant velocity, constant acceleration, or changing accel- -4 up to three positions. We did this by applying what
eratrl]on? | f ded . hat d we know about the properties of loads wired in series
These are examples of open-ended questions that do not 5,4 in parallel and observing the circuit's behavior un-
have a single solution. In addition to developing student der different combinations of switches.
epistemologies that might enhance student conceptual Iearfg) Learned by doing-We did context rich problems in

ing, they promote metacognitiveelf-reflection and monitor- recitation to practice dealing with the properties of cir-
ing) skills.'* These are high-level thinking skills that do not cuits. P g prop

develop if students only solve problems with a known an-i10 authorit—The professor gave us the equation for the
swer. More research is needed to link together these thre(e ) law of gg/itatio%. g d

aspects of learning: content acquisition, epistemology, anghy) pregicted/tested-We used the range equation to pre-
self-reflection. Do we want to develop epistemology and dict where the ball will land but it landed short.

self-reflection to enhance content learning, or should Ieam{lZ) Predicted/tested/interpretedWe learned that New-
ing of content be viewed as a vehicle to develop studen ton's second law can be used in combination with ki-
epistemologies and high-order thinking skills? Current de- Lo 4tics equations. For this we constructed an experi-
mands of' the workplace for investigative and problem- ment and made a prediction based on the laws and
solving skills®® suggest that for college graduates, the second equations and then found an experimental value. There

choice is also very important. were two hanging weight&00 g and 500 gconnected
by a string across two pulleys. We derived how long it
takes 700 g mass to hit the ground. We calculated it to
ACKNOWLEDGMENTS be 1.31 s and got the experimental value to be 1.32 s
This research was supported in part by NSF Grant No. ~ Wwhich is close enough to verify that we can combine
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numerous helpful comments of Alan Van Heuvelen, Gordo
Aubrecht, and other members of the Physics Education R
search Group at The Ohio State University. We would also
like to thank Jonathan Pelz, Kathleen A. Harper, and Andrew
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2(_13) Applicability of knowledge-We built a horizontal and
a vertical accelerometer. The accelerometers were an-
other application of Newton’s second law.

14) Concern for cohereneeln order to understand, why
there are two different equations for gravitational po-
tential energy we derived the simple mgy for close to

APPENDIX: EXAMPLES OF CODE INDICATIONS the surface from the other equation.

Each example is taken directly from students’ reports, with

no modification. 'For exampleWebster’s New Collegiate Dictionaf$. & C. Meriam Com-

pany, Springfield, MA, 1974 p. 385, defines epistemology as “the study
What they say they learned or a theory of the nature and grounds of knowledge, especially with ref-
. erence to its limits and validity.”
(1) Formula—We learned Newton’s third law where @& 2For example, there were six talks related to epistemological issues given at

on 2=-F (2 on 1. the 2001 Winter Meeting of the American Association of Physics Teachers,
2 Vocabulary—We learned that units of power are called 8 atthe 2001 Summer Meeting, and 17 at the 2002 Winter Meeting; note
watts. that these figures do not include talks given at the Physics Education

Research Conference that followed the summer meeting.
(3 Concept-We learned that when the sum of forces act- SE. Etkina, “Weekly Reports: A two-way feedback tool,” Sci. Edig4,

ing on _the object is not zero, the_re is an aC_C_ele_ration of 594-605(2000. David Mills suggested additional modifications to the
the object but when they are in the equilibrium the reports.

object moves at constant velocity. “B. Hofer, “Personal epistemology research: implications for learning and

1257 Am. J. Phys., Vol. 70, No. 12, December 2002 D. B. May and E. Etkina 1257



instruction,” Annual Meeting(American Educational Research Associa-
tion, Seattle, WA, 2001

SW. G. Perry,Forms of Intellectual and Ethical Development in the College
Years: A ScheméHolt, Rinehart and Winston, New York, 1970M. F.
Belenky, B. M. Clinchy, N. R. Goldberger, and J. M. Tarul&¥pmen’s
Ways of Knowing: The Development of Self, Voice and NBasic Books,
New York, 1986; M. B. Baxter Magolda,Knowing and Reasoning in

analogical validity,” in Proceedings of the Second International Seminar
on Misconceptions and Educational Strategies in Science and Mathemat-
ics, edited by J. NovakCornell University, Ithaca, NY, 1987Vol. 3, pp.
84-97.

2. Grosslight, C. Unger, E. Jay, and C. L. Smith, “Understanding models

and their use in science: Conception of middle and high school students
and experts,” J. Res. Sci. Tead8, 799-823(1991.

College: Gender-Related Patterns in Students’ Intellectual Development?F. Reif and J. Larkin, “Cognition in scientific and everyday domains:

(Jossey Bass, San Francisco, 1992 M. King and K. S. KitcheneDe-

Comparisons and learning implications,” J. Res. Sci. Te@8h733-761

veloping Reflective Judgment: Understanding and Promoting Intellectual (1991); K. Sullengeret al,, “Culture wars in the classroom: Prospective

Growth and Critical Thinking in Adolescents and Adulisssey-Bass, San
Francisco, 1994 D. Kuhn, The Skills of Argumer{Cambridge University
Press, Cambridge, UK, 1981

teachers question sciencebid. 37, 895-916(2000.

BThese are described in more detail by Alan Van Heuvelen and Kathleen M.

Andre, “Calculus-based physics and the engineering ABET 2000 criteria,”

SMarlene Schommer, “The effects of beliefs about the nature of knowledge APS Forum on Education newsletter, Spring/Summer 2000, pp. 5—6.

on comprehension,” J. Educ. Psych8R, 498—-504(1990.

2E. Etkina, “Can we use the processes of physics to guide physics instruc-

M. Schommer, A. Crouse, and N. Rhodes, “Epistemological beliefs and tion?” published online at http:/iwww.gse.rutgers.edu/people/ee.htm,
mathematical text comprehension: Believing it is simple does not make it 2001.

s0,” J. Educ. PsycholB4, 435—-443(1992.

8Barbara K. Hofer and Paul R. Pintrich, “The development of epistemo-
logical theories: Beliefs about knowledge and knowing and their relation
to learning,” Rev. Ed. Res57, 88—140(1997.

9G. Qian and D. Alvermann, “Relationship between epistemological beliefs
and conceptual change learning,” Reading & Writing Quarté8y59—-74
(2000.

19D, Kuhn, “Theory of mind, metacognition, and reasoning: A life-span
perspective,” inChildren’s Reasoning and the Minddited by P. Mitchell
and K. J. RigggPsychology Press, Hove, UK, 200@p. 301-326.

1K, S. Kitchener, “Cognition, metacognition, and epistemic cognition,”
Hum. Dev.26, 222-232(1983.

2David M. Hammer and Andrew Elby, “On the form of a personal episte-

Here we mean the selection of one or more observational experiments

(really demonstrationsin which most students are able to see a clear
pattern. For example, in a lecture where students construct the idea that for
an object to move in circle with constant speed, there must be a net force
pointed towards the center, students first observe the instructor rolling a
bowling ball along a long tabléhe ball moves with constant velocjtsgnd

then tapping it in the direction of motiotthe ball speeds ypThen the
instructor repeats the experiment tapping the ball in the direction perpen-
dicular to the original direction of motiolthe ball follows a parabolic
path. The third time, the instructor taps the ball in the direction perpen-
dicular to the direction of motion at every point. Students are asked to
construct free body diagrams for each situation and explain the motion of
the ball.

mology,” in Personal Epistemology: The Psychology of Beliefs About?In these ways, this cycle is different from science learning cycles sug-

Knowledge and Knowingedited by B. K. Hofer and P. R. Pintrich
(Erlbaum, Mahwah, NJ, 2002

gested by R. Karplus and C. Lavatellthe Developmental Theory of
Piaget: ConservatioriDavidson Film Producers, San Francisco, 1969

133, S. Stodolsky, S. Salk, and B. Glaessner, “Student views about learning by A. E. Lawson, M. R. Abraham, and J. W. Renn&fTheory of Instruc-

math and social studies,” Am. Ed. Res.2B, 89-116(1991); Barbara K.
Hofer and Paul R. Pintrich, “Disciplinary ways of knowing: epistemologi-
cal beliefs in science and psychology,” Annual Meetifgmerican Edu-
cational Research Association, Chicago, IL, 1997

143, Leach, R. Millar, J. Ryder, and M.-G. 8¢ “An investigation of high

tion: Using the Learning Cycle to Teach Science Concepts and Thinking
Skills (NARST, Cincinnati, OH, 1980 The Lawsonet al. cycle begins

with a question, rather than with an observation that generates questions.
In Karplus and Lavatelli's cycle, explanation construction is followed by
application rather than testing.

school and university science majors’ epistemological reasoning in thé’D. Hestenes, M. Wells, and G. Swackhamer, “Force Concept Inventory,”

context of empirical investigations,” Annual Meetin@gmerican Educa-
tional Research Association, Monale PQ, 1999.

Andrew Elby, “Helping physics students learn how to learn,” Am. J. Phys.
69, Suppl. 1 S54-S642001); David M. Hammer, “Two approaches to
learning physics,” Phys. TeacR7, 664—670(1989; W.-M. Roth and A.

Phys. Teach30, 141-158(1992.

28D. Hestenes and M. Wells, “A Mechanics Baseline Test,” Phys. Tea@h.

159-166(1992.

2°D. Maloney, T. O’Kuma, C. Hieggelke, and A. Van Heuvelen, “Surveying

students’ conceptual knowledge of electricity and magnetism,” Am. J.

Roychoudhury, “Physics students’ epistemologies and views about know- Phys.69, Suppl. 1 S12—-S28002).

ing and learning,” J. Res. Sci. TeacBd, 5—-30(1994.
%David M. Hammer, “Epistemological beliefs in introductory physics,”
Cogn. Instruct12, 151-183(1994.

°R. R. Hake, “Interactive-engagement versus traditional methods: A six-

thousand-student survey of mechanics test data for introductory physics
courses,” Am. J. Phys56, 64—74(1998.

YEdward F. Redish, Jeffrey M. Saul, and Richard N. Steinberg, “Student!in this class, the instructor made a special effort to avoid “content deliv-

expectations in introductory physics,” Am. J. Phg&, 212-224(1998.

8N. B. Songer and M. C. Linn, “How do students’ views of science influ-
ence knowledge integration?” J. Res. Sci. Tea2®).761-785(1991); F.
Abd-El-Khalick, R. L. Bell, and N. G. Lederman, “ The nature of science
and instructional practice: making the unnatural natural,” Sci. E&2¢.
417-436(1998.

%American Association for the Advancement of ScienBejence for All
Americans: A Project 2061 Report on Literacy Goals in Scie#aaeri-

ery” and to engage students in the construction of concépis obser-
vations or relationships to other concepiad then by testing the concepts
experimentally. Physical notions were not defined before students con-
structed their meaning. Mathematical relationships were either discovered
as patterns in data or derived from previous relationships. All relationships
were tested experimentally.

%pAlan Van Heuvelen ActivPhysics 1(Addison Wesley Interactive, New

York, 1997.

can Association for the Advancement of Science, Inc., Washington, DC33See, for example, the ABET 2000 criteria, http://www.abet.org/eac/

1989.
203. Biggs and K. CollisEvaluating the Quality of Learning: The SOLO
Taxonomy(Academic, New York, 1982 J. Clement, “Overcoming stu-

2000.htm;What Work Requires of Schools: A SCANS Report for America
2000 (U.S. Dept. of Labor, Washington, DC, 199D. Rosdil, What are
Masters Doing?(AIP Statistics Div., College Park, MD, 1986Publica-

dents’ misconceptions in physics: The role of anchoring intuitions and tion No. R-398.1.

1258 Am. J. Phys., Vol. 70, No. 12, December 2002

D. B. May and E. Etkina 1258



