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Foreword

Thirty years of carefuktudy by physicists and othensterested in education reveaisat

studentsenterour introductory courses wittonceptual beliefs thatiffer considerablyfrom

the accepted concepts of physics. Unfortunately, a fraotion of thesesame studenteave
our courses withheir alternative beliefsnchanged. Because of these studiesre is now
more interest in helpingstudents build @etter conceptual foundatidior their studies in
physics.

Building this foundation is aided by uncovering students’ alternative beliefs, a task well-suited
for Ranking Tasks. A ranking task provides a question wébheral contextuallysimilar
situations. The situations differ in the value of onemare physical quantitiegnumber of
parallel or series bulbs, speed and mass of a swinging object, and soTtoetsjudentanks

the situations according sbmeother physical quantitfelectriccurrent, rope tension and so
forth). The studentalso provides reasons fdheir ranking. The rankingorder and the
explanation provide avindow into the student's mindand helps aeacher orprofessor
identify different models for what students are thinking.

Ranking tasksare also very useful fomelping studentsnodify their conceptual beliefs.
Students are given a ranking task. The student comphet¢ssk workingalone. The student

then compares their thinking with that of another student and tries to reconcile any differences
in thinking. The ranking task servesthe focus for a small group or classroom discussion.
The tasks can also be given as homework problems and on quizzes and exams.

The present set of materials was developed during a series of workshope-yearcollege
physics professors which was supportedh®y National Scienc&oundation and organized
and facilitated by Curt Hieggelke and Tom O’Kuma. David Maloney, the inventor of Ranking
Tasks, was a&o-leaderfor one series ofheseworkshops. Davidaught participantfiow to

use ranking tasks antlen askedhem todevelop one omore tasksParticipantdound the

use and development of these taskalaable and enjoyable part of these intensive three-day
workshops.

Do they make adifference? Thegains of workshopparticipants’ students othe Force
Concept Inventory conceptual test andtlb@ Mechanics Baselingroblem-solvingtest have
been excellenfsee for example, TO-C arMd-PD95b-C in Figure 4 ompage 68 of Hak.
Curt Hieggelke’s students, who use ranking taskiensively, havesome ofthe highest
scores orthe recently developed Concept&alrvey ofElectricity andMagnetism. Perhaps
more important is the ease with which faculty can learn to use and develop ranking tasks.

The authors (O’Kuma,Maloney and Hieggelke and thmany talented two-year college
professors whaontributed to thivoook) have provided us with a rich resource of learning
activities. Give them a try—you’ll like them.

Alan Van Heuvelen

1 R.R. Hake, “Interactive-engagement versus traditional methods: A six-thousand-student survey of
mechanics test data for introductory physics cours®s)’J. Phys66, 64-74 (1998).
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Preface

On November 21-23, 1991, a workshop for two-year college phtgsckers on Conceptual
Exercises and Overview Case Studweas held at JolietJunior College, Joliet, IL. This
workshop was the first of many such workshegpsducted as part of thevo-Year College

(TYC) Physics WorkshoProject, whichwas sponsored byoliet Junior College, Lee
College (Baytown, TX), and a series of grants from the Division of Undergraduate Education
of the National Science Foundation. At one of skesions in this workshothe participants,
working together ingroups ofthree orfour, constructed ranking tasks atieen presented
them to the largegroup forfeedback andesponse. (A ranking task iscanceptual exercise
created by David P. Maloney as onetltgd many ways taascertain atudent's understanding

of concepts.)

During the 1991-98 period,the TYC Physics WorkshopProject continued to hold
workshops during which a variety of ranking tasks for introductory physics were developed at
or as part of thdollow-up activities after theworkshop bythe participantsDuring the
academic year 1993-94, the ranking tasks that had been developed as part of Biey3ieEE
Workshops were categorized and put into electronic form at Lee College. ThesealleetA
Collection ofPhysics Ranking Tasksd were distributed to previousrkshopparticipants

in May 1994. Duringhe academic yedr994-95, a subset tifiese rankingasks and newly
developedones were furtherefined and widely distributed by Jolidunior College asA
Selection of Physics Ranking TasKsis book is a revision and expansion of that book.

Although these materials are copyrighted by Prentice Hall, professors have the right to use the
materials for noncommercial educational purposescandopy or have copiethe materials

in the book for the students in their classes. However, these materials, whether in their original
or in an alteredorm, may not otherwise be distributed, transmitted, or included in other
documents without expresgitten permission fromthe publisher. We have included a CD

with this bookthathas a pdf version afachranking task exercise in 8 1/2 x fdrmat to

further facilitate professors’ use of these materials in their own classes, workshops, or for any
noncommercial use. If you do naiready haveAdobe AcrobatReader, pleaseontact
Adobe’s website (http://www.adobe.com), where @an bedownloaded forfree. This
software will allow you to print and/or modify these ranking tasks.

In the first section, we have includesbme backgroundnaterial, includingsample and
practiceranking tasks, whiclgive students an understanding of ttype of instrument, and
examples of how to complete a ranking taBke main body of ranking tasks divided into

broad topical areas, with mechanics in the first section. The second section includes properties
of matter,heatand thermodynamics, and wavéhe third sectioncovers electricity and
magnetism. And finally, we have included an answer key for this edition.

You are invited to visitour website for corrections, updates, ardiditional rankingtasks
(http://www.tycphysics.org). If yolhave anyquestions about these rankitgsks, please
contact us.

Tom O’Kuma tokuma@lee.edu
Dave Maloney maloney@ipfw.edu
Curtis Hieggelke curth@jjc.cc.il.us
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Background, Insights, and Uses

This book isintended as a resourder physics instructors whare lookingfor tools to
incorporatemore conceptual analysis in thewourses. Inputting together thigollection of
ranking tasks (RTs), we have been guided by two major goals.

First, we wanted to provide instructors with a set of immediately usefufrBfisas many

topic domains in physics as possible. Althotiglhnumber of RTs omlifferent topics is not
uniform, this collection does contain RTs from all topics of classical physics except for optics.
(Optics has proven to betapic for which it is difficult to designgood conceptual ranking
tasks.) The RTs in this manual can be copieectly from the manual and used immediately

in the classroom. Or an instructor can quickly modify one of the items in the bbbki® or

her style and context.

Second, we wanted to illustrate a wide varietyRd% sothatinstructors couldjet an idea of

the flexibility of theformat andideas abouhow togenerateRTs for themselvesseneration

or examination of a ranking task will often suggeseasily produced variation or variations.
Student responses to a ranking task are another good source dbidatherRTs. We hope

that seeing a range of variatiorier a variety of RTs will enable instructors to develop
sufficient familiarity withRTs sothat they will be able to develop thawn. Constructing

good ranking tasks is not easy, but interested instructors should be able to generate viable ones
with some practice.

Nature and Structure

The idea ofranking tasks aroskom research intestudents’ conceptions usingtechnique
called rule assessment, developed by Robert S. Siegler (I%&ule-assessmemechnique
involved having subjects make a comparative judgment about a large varetarajements
of a specific situation. The ranking tasks were conceived as a shorter forralitifiog such

comparative judgments.

A ranking task is a paper-and-pencil exercise that presents students with a set of variations on
a particular physical situation. The studentssangposed to ranthe variations on a specified

basis. After explicitly writing out their ranking sequence or choosiiegoptionthat all of the
variations are equivalent, the students are asked to write out an explanation of their reasoning.
Finally, students are given an opportunity to identify how sure they were of the reabaying

used in the task.

As explained in the original rankirtgsksarticle (Maloney, 1987the basic structure of RT
has four elementshe description of the situation, including tbenstraints andhe basis for
ranking the arrangements; a set of figures showing the different arrangements to be compared,;
a place to identify theesponse sequence chosen omtiicate that all of therrangements
have the same value for the ranking basis; golda@e to explain theeasoning fothe answer
produced. Many ofhe RTs in this bookhave an additional element—a scale athibitom of
the pagdor the students tandicate how surethey were about theianswers. Thigan be
useful in atleasttwo ways. First, itcan tell aninstructor how stronglythe students are
consciously committed ttheir ideas.Second, many studentdten feel that they argust
guessing” when they answer the RT, and that is what they want tofavritesir explanation
of the reasoning. Having the scale at the bottom of the page provides ariooutietstudents
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to express these feelings so they can use the explanation section to describe vetthbdley
did when working the task.

Ranking tasks contain fealues abouhow they should be worked. laddition, they require
students to think abodie situations in annusual manner. Usually studensalwith such
situations in physics by calculating a specific numerical value given a limitedber ofother
numerical valuesall of which are normally needed in the calculation. In a ranking task
students are confronted with a set of variations that usually differ in the specific values for two
variables, and they have to decli®w these variables affect the behavior of interest of the
system.

Although most of the ranking tasks in this manual contain numerical values featiables,
we think of RTs as conceptual exercises. One might wonder howahks. The reason for
our contention is that experient@s showrthat students ofterusethe numerical values in
inappropriate ways. Such use reveals one of sepeshlems. One common problemtimat
the students do not understatite relations they aresing, butrather justknow to plug
whatever numerical values are available into whatever relation is available. A seocomsbn
problem is for students tapply thewrong relation to the situation. An example of this
difficulty is students’ strongendency touse the product ofmassand speed whethey
actually need taisethe kineticenergy. So having thstudents us¢he numerical values in
inappropriate ways can provide insight into their concepts and strategies.

The RTs in this manual vary widely in a number of ways. One way in whashvary is in
how much computation iequired to do a tasKhere are severaéasons for thisariation.
One case is theéTwo Different Blocks and a Pulley—Nétorce” task onpage30, where
studentsneed to set upNewton’s secondaw for the two massesand solvethe equations
simultaneously. Students seldapproach this task in this manner, iy alsolack an
equation they can quickly apply, so presentthgm with such asituation makes them
generate a procedure. It is ofteseful to see what students do with such a t@skietimes
we do want the students to learn how to do certain calculations, e.g., “Five T's Rotating About
an Axis (top view)—-AngulaAcceleration” on pag®4. And in some cases studeneed to
do the calculations tainderstandthat apriori ideage.g., symmetryconsiderations) don’t
always work out.

Reasons for Using Ranking Tasks

A fairly obvious question at this point ¥ghy an instructor would want to use ranking tasks.
One strong reason for using thenths fact that they frequentblicit students’natural ideas
about the behavior of physicsystemsrather than anemorized response. Thability of the
ranking tasks to elicit students’ natural ideas provides instructors with a way to gain important
insightsinto students’ thinking. Withthe help ofthose insightghe instructor can help the
students adapt to the scientifically accepted ideas.

Research in physicsducation (Clement, 198Peters, 1982; Halloun and Hestenes 1985;
McDermott, 1991) has demonstratibet it is often difficult to gestudents tachange their

natural ideas about the physieabrid. A productive part of any effort to changéudents’

ideas can be getting them to consider the same idea in a variety of ways. In a sense we want to
be able to ask the same question in a varietyayfs. Ranking taskare auseful tool insuch

an effort, since they provide a way to frame questions in a m#mtes novefor almost all
students. Subsequently showiting studentghat they haveesponded in a differeway to
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the same question asked in differeratys can beuseful forgettingthem tothink about why
they responded as they dideach case. That, iarn, can leadhem tothink about which, if
either, response they believe in more strongly and why.

Another important reason for using RTghsat they can besed to reframe a question asked
in a traditional problem, or a multiple choice item, or an essay, but in a diffeegntSo RTs
can be used to determihew robust a studentsonceptis. Studentgetused to responding
to multiple choiceitems, andthey often develop copinghechanismshat allow them to
respond to such items withoweally thinking the situatiorthrough. Couchinghe same
question in a differentormat, which requires different way of evaluating the situation,
makes the students think about the concepts, principles, and relations in another way.

We havefound that certainRTs are excellentfor helping students developegitimate
understanding of someonceptsFor examplethere are amumber of ranking tasks ithis

book involving uniform electric fields. It has been our experience that if students are not asked
aboutuniform electricfields, they have definitenisconceptions abouhem. Howeverafter

some workwith ranking tasks, such as those in this baokst studentslevelop arobust
understanding of this issue. Wielieve that there are rmumber ofideasfor which well-
designed ranking tasks are an especially effective way to help students learn.

Uses

Ranking tasks are useful invariety of ways. They make good homework assignments and
goodtestquestions. Ranking taskse agood “size” and form as homework assignments
because they aremple and easy fothe students to understand but requaareful and
thorough analysis for correct completion. But REE® bemadechallengingenoughthat they
can even bassigned as homework whethee studentsare allowed (encouraged) t@ork
together. An example ofsuch an item is “Circuit withThree Open and Closed
Switches—Voltmeter Readings I” on page 186.

As testitems RTs provide two parts—the ranking sequencetl@axplanation—that can be
scored separately; for example, 2 points of 5 for the correct ranking sequence and 3 of 5 for a
correct explanatiorRTs are usually challenging tegems for students. When using RTs as

test items it is often best to have only four or five variationthabthestudents do not spend

too much time, and/or make silly errors, with the calculations.

Ranking tasks are also very useful if an instructor wangeterateclass discussions drave
studentsengage in peer instruction group work. Aproductive way to generate a class
discussion is t@ive theclass a ranking task, allothem about 5minutes to workit, have
them talk to each other about their solutions, and #is&selected individuals to presehkeir
answers.The instructor can then either have thesedents defendheir ideas,assuming
conflicting ideas have been presented, ortednabout the ideaand how to reason to the
correctresponse. Giving ranking tasks ttee students, whahave beenassigned to small
groups,andtelling eachgroup that they have t@ome to a consenswbout theanswer is
another good way to use RTs.

Sets ofrelatedtasksare also good for class discussions. Task® be related by having
different objects exhibiting the same physical behavior, e.g., an arrow, a stream of water, and
a rock undergoing projectile motion, by changing the variables for the situation, e.g., mass and
speed, mass and height, or speed and heighttall thrown off a building, or by aumber
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of other modifications of a situation. Aftére students workndividual RTs fromthe related
set, the studentscan begrouped bythe particulaversion ofthe task theyworked to discuss
their answers. (This assumes the class is small enough for them to move around the room.)

Ranking tasks can be used to pre- and posttest studesttedio on the extent twhich their

ideas have been changed by instruction. Since RTs often bypass students’ memorized physics
ideas, they are especialseful in determininghe extent towhich instructors havdseen
successful in changing students’ natural (common sense) beliefs about physical situations.

The first time studentare presentedith ranking tasks, we suggest first giving them one of
the sample ranking task pages. Give them an opportunitgad througtthe page carefully
and check to see if they have any questions abowtto workthesetasks.Then wesuggest
passing outhe practice RTand having thenwork it. Go over the answer, emphasizing
explicity showing howties in theanswer sequencare indicated and writing a complete
explanation.

There is one very important point about using RTs in situations where students walestrn
for doing them. Since RTare unfamiliar testudents, it iritical for the students tdhave an
opportunity to practice with the format in a noncredit configgt. This is important to assure
that students explicitly show ties and that they write complete explanations.

Related Ranking Tasks

If an instructor decides that they want to generate their own ranking tasks, a goodstaaty to
is to generate a variation on an existing tdsiere are severalays to varyexisting tasks to
produce new tasks.

One way is to have students rahlk samesituation on a differenpasis. An example of this
technique idound inthe “Cars and Barriers—Stopping Distance/Time wiltle Same Force”
tasks on pages 62 and 80. In a similar way d@fisn possible task the same question in
different ways. An example of this is “Carts Moving Along Horizoi8atface” on pages 17
and 18. This approach is especially useful when one versibe qliestion usethe technical
language ofphysicswhile the otheremploys natural, everyday language. Anothretated
technique is taskthe same questiomut have different variabler the students tovork
with.

A different approach is to have the same variables and question but vary the physical situation.
An example of this ishown in “HorizontalArrows,” “Rifle Shots,” “Toy Trucks,” and
“Spheres Thrown Horizontally Off Cliffs” tasks on pages 48 — 51. Athebe are theame
projectile motion situation, however, students often thingk differentphysicalsystemswill

behave differently. Gettingtudents to see past thesencritical surface features to the
physical principle that applies is an important aspect of learning to do physics.

Another very important aspect that can be varied is the representséidrfor presenting the
information. An example of this ishown in “Uniform Electric Field—Electric Force on
Charge atRest” tasks on pages 150-152. Studeoiten learn information in one
representation, i.e., they will know what to do if given a kinematic equation, but will be lost if
the samesituation and information is presented in graphfcam. Ability to handle tasks
represented in various ways is a good indicator of solid understanding.
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It will be easier to construct variatiofier somesituations, concepts, or principles than for
others. And for some situations, concepts, or principles studentsi@eaytowork through a

wider variety ofthose variations in order to develop a solid understandig.experience
indicates that the topic of sinking, floating, and buoyancy is one topic where avaiggy of

tasks is useful. Consequently, both to present ideas about generating related RTgi\end to
specific example of how to approach such a topic, there is what will probably seem to many a
large number of RTs on sinking, floating, and buoyancy.

A unique contribution to thidook is the Resistive CircuitsConcepts Diagnosticlest
developed by Dennis Albers. This test is a sequence of ratdskg orbasicelectric circuit
concepts. In a way thiest takes the idea ofingrelatedranking tasks tdhe extreme, but
having this set ointerrelated rankingasksenables an instructor to getkarunderstanding

of students’ ideas about simple electric circuits. Similar tests could obviously be developed for
other physics topics.

Finally someother ideador different types ofRTs, such as using comparative values for
variables rather than specific numerical values and eothgs todeveloptasksthat involve
three variables, can be found in Maloney and Friedel (1996).

In writing RTs webelieve there are seveliabuesthat should becarefully consideredFirst,
we believeinstructors shouldtake account ofknown, or suspected, studealternative
conceptions whedeveloping an RT. Becau$®Ts frequently elicit students’natural ideas,
using those ideas in writing the RT can make it a better conceptual exercise. A issaend
the language—natural, i.e., everydagrsustechnical—used in the RT. If oveants toelicit
students’ common-senseeas, then natural language is usuatigre effective. But having
students respond the same taskvritten in natural andechnical language can beuaeful
exercise. A thirdssue is how manyariations to present in the RT. fome situations this
can be fixed by the situatiomhich mayhave a fixednumber ofvariations. Inmost other
caseshe number ofvariations to include is usualljed tohow the RT is to baused. As a
homework assignment, eight variations might be chosen to prpkagdéce in calculating and
evaluating alternatives. For a test item, between four and six variations are more reasonable.

The editorswould appreciate feedback about thems in this book. Weare especially
interested in learning about other variations and uses of ranking tasks and about new RTs. We
would alsolike to hear abouany errorsthat may have crept in despiteur best efforts to

ensure that everything is correct.
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Ranking Task Sample |

For a ranking taskeachitem will have anumber of situations afiustrated. Your taskwill be to rank the
items in a specific order. After ranking them ywill be asked to identifyhe basis you used fdhe ranking
and thereasoning behind yowhoice. It is extremely importatihatyou are careful to write out thproper
ranking onceyou have determined whdiiasis youare going to usej.e., make sureall of the situations are
ranked in theproper order according tour basis.The sample belowshows how tarank items and what
your explanationshould belike. NOTE: Although the procedure for working the item is correct, the
particular answer, which was chosen at random from actual student responses, may not be correct.

Example:

Shown beloware eightcarsthat aremoving along horizontatoads atspecifiedspeeds. Alsajiven are the
masses ofhe cars. All ofthe carsare thesamesize and shape, but theye carryingloads with different
masses. All of these cars are going to be stopped by plowing into barrel barriersth&ltafsare going to
be stopped in the same distance.

Rank these situations from greatest to least on the basis of the strength of the forces that will be stxgred to
the cars in the same distance. That is, puttfestcar onwhich the strongest forceavill have to be applied to
stop it in X meters, and put last the car on whiehweakest force will be applied $topthe car in thesame
distance.

12 m/s 16 m/s B 8 m/s 5m/s

— > A — > — > C — > D

1200 kg 1000 kg 1600 kg 1500 kg

9m/s 12 m/s 5m/s 10 m/s

— > E — > F — > G — > H

1200 kg 1600 kg 1500 kg 1100 kg Greatest
1 B 2 AF 3 4 H 5 E 6 C 7DG 8 Least

Or, all cars require the same force.

Please carefully explain your reasoning

Since acceleration is the change in velocity divided by the change in time and all the changes in times are tt
same, then | used the change in velocity.

How sure were you of your ranking? (circle one)

Basically Guessed Sure Very Sure
1 2 3 4 5 6 7 s( ) a0

Notice in this example that two situations produced the same result for the ranking and that these were liste
the same answeblank. Such a possibility exists fall items. Inthe same way, it is possibkhat all of the
situations will give thesame result. Ithatoccurs, and only ithat occurs,the option ofall equal, orall the
same, should be chosen.
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Ranking Task Sample I

Each ranking taskvill have anumber of situations, orariations of a situation, that hawvarying

values for two othree variablesyour task is to rankhese variations on a specifiédsis. After

ranking the items, you will be asked to explain how you determined your ranking sequence and the
reasoning behind the way you used the values of the variables to reach your answer. An example of
how to work the ranking tasks follows.

Example:

Shown belowaresix situations where aart, which is initially moving tothe right,has aforce
applied to it such that the force will cause the cadaime to a stop. All ofhe carts have theame
initial speed, but the masses of the carts vary, as do the forces acting upon them.

Rank these situations, from greatest to least, on the basis of how long it will take each cart to stop.

609 60 N 409 48 N 609 48 N
- e .-
A B c

759

|

60 N 50 9 40 N 409 40 N
D E F
Greatest 1 B 2@4@ D 6 E ) east

Or, all of these carts will require the same time to stop.

Please carefully explain your reasoning.

| think the time depends on the acceleration, so | divided the forces by the masses.

How sure were you of your ranking? (circle one)
Basically Guessed Sure Very Sure
1 2 @ 4 5 6 7 8 a0

Notice in this exampléhat inone instancetwo of the situationgproducedthe samevalue of the
ratio used to determine the ranking, and that the letters for the ones that tied are circled showing they
were ranked equally (A and F). In another instance, three of the remaining situatiotisetsarae
ranking and they are circled together (C and D Bndshowingthis result. Inthe same way, it is
possible that all of tharrangements will givéhe sameresult for aparticularbasis. Ifthatoccurs,
and only if that occurs, the option of all equal, or all the same, should be chosen.
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Practice Ranking Task

The purpose of this page is to practice an exercise known as a ranking task. Each rankiiig task
have a number of situations, or a numbevarfations of a situation, that havarying values for

two, three, or fouwariables. Your task is to rankhese variationsising the basisspecified in the
problem statement. After ranking the items, you will be asked to explain how you determined your
ranking sequence and theasoning behinthe way you workedhe item as you did. Iraddition,

you should indicate your confidence in your ranking and reasoning. Nmigeis very important

to show such ties explicithit is possible that all of the variations could have ghmevalue on the
ranked basis. Ithat occurs,and only if thatoccurs you should choosthe allequal, orall same,
option.

Example:
Shown beloware eight rectangles representing containers of coffee. These containers were

purchased byeight people avarious stores. The price perkilogram andthe mass ofcoffee
purchased by each person are specified in each figure.

A B C D
4kg 5 kg 3kg
$1.50 8kg
K $1.80per $2.00
perxg $1.50 per kg kg per kg
4 kg
10 k 12 k
g $1.80 9 10k
$2.00 per perkg $1.00perkg $1.20 per
kg kg
E F G H

Rank these containers, from greatest to leasth®basis of how mucleachpersonpaid for their
coffee. That is, put first the container that cost the most and put last the container that cost the least.

Greatest 1 2 3 4 5 6 7 8 Least

Or, the cost was the same for all of these containers
Please carefully explain your reasoning:

How sure were you of your ranking? (circle one)
Basically Guessed Sure Very Sure
1 2 3 4 5 6 7 8 9 10
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