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This article reports on an investigation of students learning ofs plhysig group
discussions around contéxh problems in introductory physics courses at university
level. We present the results from video recordings of student groups solving three
different problems. We found that group discussions around physliesgproan lead to
stimulating and learning discussions of physics but we also observed situations when the
discussions did not work well. Misustierdings of physics concepts reported in the
literature emerge in the discussions now and then but thetsstalde detect new
6probl emséd. I n t he stahdings and problemssare mieated andni sunder
solved either by the students themselves or by the students together with the teacher.
Factors that stimulate a good discussion are engaging prodlenteaaer at hand to

answer questions and to discuss with the students. Factors that prevent a fruitful
discussion are too little knowledge of the actual physics among the students and bad
functioning of the groups
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BACKGROUND working on understanding is through talk. When
students talkvith each other they rephrase their own
Many physics students do not find physideas, obtain another perspective from their peers an
interesting and many of them pass physics courses exerventually reach an improved understanding. Barn
at university level without an acceptable conceppud d Todd i ntroduce the n
understanding of physics. Srgadlup learimg seems to when speakers think aloud, a talk that includes
promote both interest and understanding of physiesiations and changes of directions, assertions an
concepts and principles. Springer, Stanne, and Donayastions, sethonitoring and reflexivity. This way of
(1999), for example, showed in a rartdysis that talking often occurs in group discussions and so thes
students in undergraduate courses in scierceyld be promising milieus for learning.
mathematics, engineering and technaldgylearn in
small groups in general show a greater academiGroup discussions in physics
achievement and express more favourable attitudes
toward learning than students that have been taught in @roup discussions aroundntextrich problems in
more traditional setting. physics were introduced at the University of Minnesote
In a sociecultural perspective meaning making (deller, Keith & Anderson 1992; Heller & Hollabaugh
seen as aalogic process (Barnes & Todd 1995; Lemk@92). The contexich problems are written as short
1990; Mortimer & Scott 2003). We agree with tsteries about real objects or events including a reasc
philosophy of learning expressed by Barnes and Ttuiccalculatig a specific quantity (Heller & Hollabaugh
(1995, p10) that one of the most important ways d092). The student is the principal figure in the story
and the personal pronoun "you" is used throughout the
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review of research on small group learning, Colseh u d e n tman@e op st &fterwards. These studies
(1994) found that small group learning can @@ e of the type oObl ack box &
producive for conceptual learning if certain conditioe®mpare a cooperative method to a traditional teaching
are fulfilled. The most important of these conditionsnethod on outcome measures only.
that the task is a real group task. The corbbxt
problems seem to fulfil these requirements. Heller et alProblem solving in physics
(1992) also found that in whlhctioning cooperative
groups a better problem solution emerged than wad’roblem solving is seen to be an essentiabfpar
achieved by individuals working alone and tpleysics learning. Traditional @fethapter problems
instructional approach improved the probsefwing are, however, often criticized because students have a
performance of students at all ability levels. tendency, when they solve these problems, to just grab
Advice for instruction of cooperative greigpgiven an equation and plug in numbers. Why students act in
by Johnson, Johnson and Smith (1998) and much oftth&sway is explained by LarkirgDdrmott, Simon and
advice is applied in small grée@rning in physics bySimon (1980). Students often start with the goal of the
Heller and Hollabaugh (1992). They found that grogweblem and work backwards. They identify the goal as
with three students of mixed abilities functioned wigliding a specific numerical value and the most
together. If a group consid of two students, theyreasonable and efficient way to reach that goal is to find
often did not produce enough good ideas to solve &@me equation. Thisebaviour is understandable but it
problem and if the group consisted of four student®es not enhance learning in physics.
one student was invariably left out of the problem Maloney (1994) gives an overview of research on
solving process. Also in thmember groups thereproblem solving in physics. He finds that several studies
could be problems obchinance and conflict. To avoidargue that standard problems are not effective tools for
these problems they used rotating roles as Manduping students learelevant concepts and principles
who keeps the group on task, as Sceptic, who helpoth#hysics. Is it possible for students to develop solid,
group to avoid quick agreement and asks questionsttitapugh declarative knowledge bases before they are
will lead to understanding and as Checker/Recorgsren problems to solve or does solid understanding
who checkdor consensus and writes down the groupquire that they attempt to apply the knowledge from
solution. the domain? Maloney finds studies that imply that
Gautreau and Novembsky (1997) used small grapsking with problem examples is an important part of
learning in introductory physic courses at the univer$@gning declarative knowledge, but other studies imply
They let students work in groups of three or four aftethat students need to have a solid knowledge base to be
short lecture. They describe this assh taching by able to solve problems effectively. Mal@isy states
the lecturer who introduces concepts followed bythat many studies show that making students adopt a
second teaching where students in small groups didgfétite problersolving strategy results in better
initially brittle ideas into workable knowledge thatoblem solving. He also concludes that if we expect
students own themselves. Molly Johnson (208tldents to learn concepts and principles we may need
introduced problem solving in smajroups in to alter the form of the assignproblems. There are
introductory courses in physics at university lewtfferent suggestions of the type of tasks to be used to
Students worked in groups of two to four and the grogplace standard problems and one of the suggestions is
members took on roles as writer, leader and sceptic.cCoimgexirich problems.
problems were similar to those in textbooks focusing orHeller et al. (1992) were interested in what way
conceptual and problemhdng skills. Johnson presentproblem solving was best learned and formulated a
the implementation and difficulties with this approagtioblemsolving strategy which included a detailed five
She notes that the students during the group discussitefs procedure to solve raalrld contextich physics
raise questions that have been identified in the litergonodlems. The first step is to make a translation of the
as important difficulties for students, often oekdd problem statement into a visual and verbal
by texts and instructors. Enghag, Gustafsson amdlerstanding of the problem situation. Fkeond
Jonsson (2007) found that students reach consenseatefnrequires the students to use their understanding of
group discussions using exploratory talk and thhysics concepts and principles to analyze the problem
individual questions are formulated in the processirophysical terms. The third step is to plan the solution,
meaning making and that these questions decdng the fourth step to execute the plan, and the fifth step to
the conversations. evaluate the reasbleness of their answer. Heller et al.
Booth and James (2001) and Samiullah (1988) that they have reason to believe that teaching this
investigated the effects of stuestmtdent interaction on problemsolving strategy to solve contesth problems
learning physics at university level. They found thatehe hances studentsod6 conceptual
cooperative learning did not have any effect on the
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Huffman (1997) investigated if students in higimderstand from the-prim perspective than from the
school whowere taught to use an explicit problenmisconception perspective.
solving strategy exhibited greater improvement inAs Driver, Asok, Leach, Mortimer and Scott (1994)
problemsolving  performance and  conceptualrite, the constructivist position is shared by a wide
understanding of physics than students who were tavaghge of different research traditions related to scienc
to use a textbook problesolving strategy. The resulteducation. One tradition focuses on individual
indicated tht the explicit problessolving instruction construction of meanings while another tradition
helped improve the quality and completeness dekcribes rowledge construction as a social
studentsd probl em r epr e somgtricdon iofoknesvledgel tLeacht andd $cdtt (2003
significantly affect st presenha widiv oll stienee |sarnag drawmg onobbtt
Leonard, Dufresne and Mestre (1996) on the adiner hsociacultural and individual views. They conclude that
introduced qualitative problesulving strategies tolearners must reorganise and reconstruct the talk an
highlight the role of conceptual knowledge and thamtivitieson the social plane and so Vygotskian theory
found that these strategies were valuable for focuslimgugh the process of internalisation brings togethel
studentsd attention on sochalendindivideal viewsnEvea f§ teach &nd ScottGe

plays in solving problems. limitations in the individual views of learning, they think

that the sec al | e d 60al tiemrnmsatl ivte

Learning physics concepts does offer useful resources for those interested ir
improving science education.

Findings from many studies show that studentsAn i mport ant background

come to science courses with knowledge and bepedblem solving is identified conceptual and reasoning
about the phenomena and concepts to be taught andifficulties that students encounter. In our study
many cases studentsd i dsudests svlveeonen mdblem in spactalc relativitya ano
science views. Commonsense belieist abation and there are a few studies of problems that students
force are for example incompatible with Newtonigncounter in their study of relativity. Posner, Strike,
concepts in most respects and traditional phys$iesvson and Gertzog (1982) in a classic study o
instruction produces little change in these beliefhceptual change interviewed students and physic
(Halloun & Hestenes, 1985; Hake, 1998). There iaggructors about problems in special relativity. The
many studies identifying and analysibgu § e rcéngad metaphysical belief that contrasts specic
difficulties in different areas of physics. McDermott argdativity with classical mechanics is its rejection o
Redish (1999) give an overview of this type of researabsolute space and time. Posner et al. found that if
Many researchers hav e stuslentaeuires tbjectseahtive ixepghtied stich asu |
with physics phenomena as rather strongly hieldgths, he or she may explain length contraction b
misconceptions or alternative aptons that have to saying that the rod does not shrink; it is just a perceptu:
be addressed by instruction. The idea of strongly Ipetsblem. Hewson (1982) interviewed a graduate studel
misconceptions, however, has also been challengesk & case study about the propositions that movin
can be argued that students do not have cohewtotks runs slow artdat moving rods shrink and this
framewor ks and that t hestudentialso saw lewghrconrdctiom as aafiestientc
reasoning across diet contexts. Misconceptiongerception. Scherr, Shaffer and Vokos (2001) report o
could appear as an act of construction of knowledge.investigation of student understanding of time in
Di Sessa (1993) suggest e dpedahreldtvitys Theydfeundttratdstudents roost toftex
knowledge is built by explanatory abstractions dof nad spontaneously recognize that simultaneity is
experiences in the dayday physical world calledrelative. Frames of reference are important in specic
phenomenologi | primitives. 0 Gdlativitye aind Pansen Ramadas and gkamad (199
and oforce as a mov-prim8 irdvéstgate xhewnptudents handlled shese hcongeptu
One conclusion from this work is that the intuitiveols.
knowledge does not need to be replaced but should b&he second group discussion that we report deal
developed and refined. Hammer (1996) analysed haitta sound. There seems to be very few studies o
teachetma 'y perceive studentsstbudeantsiociagaduiosni tfiroonm d fl
two perspectives, misconceptions aaims, and he Pub |l i shed studies focus
found both valuable. The misconceptions perspecfivetors affecting the sound velocity (Linder, 1993) anc
was more valuable to help students become awarabofit a common misconception that sound weaes
their reasoning, while theppm perspective motivait objectlike properties (Wittmann, Steinberg, & Redish,
the teacher to discuss and refine definitions @&wD3).
studentsd ideas. Hammer arhesthird group discgssian ustabouthaaptoblémhire
sensitivity of st udent méchanidd wheraukniowiedyd of enevgy of rotaéing sigi
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bodies and moment of inertia is necessary. There are IGthis study was done during two introductory physics
of studies of problems thatudents encounter whencourses, Mechanics, relativity and experimental
studying mechanics, but we have not found any studiethods, ané&lectricity and waves. The class consisted

dealing with rotating bodies. of 16 students, 10 aiming for a major in physics; 3 pre
service teachers and 3 other students. The students
Research questions worked with just one course at a time, which is the

traditional way of studies at Swedish universitigse |

We have for some years, inspired by the work atdberses there were lectures, laboratory work and group
University of Minnesota, used group discussions arodisdussions and the students had lectures almost every
contextrich problemsni the first courses in physics aflay and group discussions about two times a week.
university level. We introduced group discussionsWe constructed groups with three students and in
because we saw a need for more discussions akmme cases four students. We formedrthgg so that
physics concepts and principles but also about probjesy were composed of students of different abilities as
solving. From the research literature we find that graiown by the results of a F€st (Hestenes, Wells &
discussiongould be a promising milieu for learningwackhamer, 1992) given to the students at the
physics. Most studies of group discussions are, howgegfinning of the Mechanics course. The ideal was to
from secondary school and this is especially truekiegp the assigned groups dutirgwhole course, but
those which are not 0bl whekond orxmora gtygens averd abseidt,. newl groeipse f o
it is a need for more -gtepth studies of groupwere formed temporarily. Regrouping of the students
discussions at university level. was made once during the two courses and then the

We want to find answers to the following questiongeachers used their personal knowledge of the students

! How do students discuss and solve physiogguide the formation ofw groups.

problems in group discussions? In this article we report the results from three group

1 What kinds of problems with physics concepliscussion occasions. We video rec_orded two study
and principles do the students encounter? groups at each of these three occasions. These three

f What does pup communication mean for thedfOUP discussions were in some ways different from

problem solving to be successful? each other. In the first grouptakk students were active
and very enthusiastic about a problem in special
RESEARCH CONTEXT AND METHOD relativity. The second group discussion dealt with a

more qualitative problem. The second problem was

We introduced group discussions around centdRgluded in order to study if the discussions would be
rich problems in our introductory physics coursesdférent for a qualitat problem compared with more
university level seven years ago and have usedCfdjgary contextich problems. The teacher had in
teaching rethod since then. In our group discussior§€vious classes had\group discussions around questions
students have about two hours to solve one or th¢! Ch as: OExpl ain the reason
contexirich problems and the students are supposedhgn observed that the group discussions tended to be
solve the problems within the allocated time. Vi@her shal ow wi th these OExplain
introduce a problemsolving strategy similar to the onguestions did not seem to engage the students as much
described by Heller et al. (1992). After some of tig the contexich problems did. In the third group
group discussions the groups were obliged to hand #sgussion the groups did not function so well. This
solution of the problem in which all steps should Biscussion dealt with a problem in mechanics with
well motivated and should follow the steps in tHiational energy. S _
problemsolving strategy. These problem saistigere The students filled in a small questionnaire of Likert
then given back to the students with comments. € format at the end of the gredipcussion sessions.
have also found that groups of three students are idB8 Students answered three questions: How interesting
in our group discussions. We try not to have just ¢i@ you find the problem? How difficult did you find
female student in a group. Sometimes this can stilii§e Problem? How neh have you learned through
the case when groups are reaewnigecause somesolving this problem? They .could choose six different
students are missing. The group roles, Manager, Sc@gti¢ wer s ranging from for e
and Checker/Recorder are introduced at the start df 8t €r €st i ngo to oVery 1nteres:s
course. We have not stressed the use of group roles bt the beginning of the growfscussion session we
we have found it useful to start with. During the gro§plected groups for video recording aedriembers of
discussions thedeher is present the whole time arfie groups all had to agree to be videotaped. We
intervenes when necessary. The groups are free tyV@8jed to keep an authentic milieu for the group

the teacher for help and advice whenever they need discussions that we recorded so we brought the
equipment to the location that the groups chose for

124 E  28M06ment,Eurasia J. Math. Sci. & Tech. Ed., 4(2), 121134



Small-group Discussions

their work. A camera was mounted in frdneach transformation and they must be aware that the
group and an external microphone was placed ondineultaneity is relative. We video recorded two group:
table in the middle of the group. It took some tinvehen they tried to solve the problem given below. In
before the equipment was set up and the camera rotlimgy group there were four male students and in the
so the first minutes of the discussions were usuallyatber three female students.
caught on tape. The tapings ofdgheup discussions on
special relativity and on rotational energy all took plac
in the lecture room where the other groups wereTwo of your friends decided, when they travelled
working. This led sometimes to disturbing noise fromby train, to try to determine the length contraction
neighbouring groups that made it difficult to hear someof a very rapid train. They planned to sit at the two
utterances when wanalyzed the films. One of the ends of a 100 #ong train with their watches
recordings of the second group discussion was made iproperly synchronised. At the time t =a@le of
the lecture room and the other took place outside thethem should drop a bag through the window.
lecture room at a relatively quiet place found by theThese bags should act as markers. When the train
students themselves. stopped at the next station they could go back and
We started the analyses by looking thrdugvideo measure the distance be
tapes from the group discussions and noted whathe distance between the bags then be the length
happened. We then looked through the tapes severaf the tain as measured by observers on the
times, transcribed the records, and analysed thground? Your friends ask you about this because
document ed group tal k. Bigy know that younage veryhgeod attlLareh& n
comments, questions and interplay we triechie\e a transformations. Your friends tell you that they
picture of the student s 6supposentleasthe welocityr ok thestraimis @.4c ardn
problemsolving process. We especially looked at thethat you can neglect thmeé for the bags to fall to
studentsd handling of i mtpeo graural.nWe caldulgtedi the distanae rbetveepnt
principles in their problem solving and if they showedthe bags to 71 m, they say. Is this right?
some alternative conceptlonmsund_erstandlngs_. We In the group with three female students (Anne,
also looked at the group interaction by noting tge

S usan and Tanya) Tanya ¢
distribution of talk among the group members. seems t o be fun. drpotem f

solution is to try to understand what the problem is
about. Then Anne tries to do as in another problem,
they have solved, with a car driving through a garag

The three examples are group discussions arou |gh is open in both ends, and they stumbl_e on &
problem in special relativity, a mordigae problem ﬁ/'enlrgliug?gf tﬁzetsr;irr‘]etgoggu;al ?gt_lr_la(r:]ogtriaslcﬂgp Uit
about sound waves and a problem in mechanics %rﬁ% d that this is the ri : Y q
rotational energy. From the questionnaires given to R vmcej ttﬁtt IS IIISt N rl!ghélwiy to’ftart.

students after each gradigcussion we found that the 322&? 0'3 Irggkya?gﬁécf:aiﬁ e(;ﬁ -see the train
problem in special relativity was seen as the mos?. b y bei hort Y

interesting, the most diffic and the problem from '?’glr?ga'gu?sthsl?rghs or eir.s t hat ou
which they learnt the most. The other two problemsYouy 6 back and mgeasure the distance y

were judged to be rather interesting and difficult but IeszS thg train 100 m or 71 m? Anne mékes their
so than the problem in relativity. The students also sai | | '

that they learned physics from these two problems bugI emma clearer.

) - nneeShoul dndét the distanc
less sahan from the problem in relativity. the length of the train that is measured by the

observers on the ground? Tren goes by with

0.7 c. And then they look at the train and think it

is 71 m. And | think that the bags should end up
aleO m from each other because the train is 100

éA test of length contraction?

RESULTS: LEARNING OF PHYSICS 8 THREE
EXAMPLES

Group-discussion around a problem in special
relativity

Before this group discussion the students h . o
attended one lecture on Time dilation and Iengthm’ but if you look at i, Itis 1 m.
contraction and in the morning the same day a lectur hen they go on and discuss this dilemma, compar
on the Lorentz r ansf or mati on. eOth?r & Q!eﬂF% ?ng §XP9 qﬁj rth (prgbéem_wnh
for including a group discussion with this problem er examples. They once again compar€ with th

to give the students a possibility to discuss and regﬁi%ge p“’b'e”? ano_l Tanya wonders if t_heir dilemm
that it is not enough to know the lengtmtraction could be explained if the length contraction could be

formula, they also have to be able to use the tzoretf €N @s an optical illusion.
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TanyaOptical illusion. k n o w | s houl dond at the ddck comes first, then it could very

an optical illusion, but | do so. The optical well be 100 m between them.

illusion is still there when the car has stopped; Susan and Tanya then discuss what it means that the
ot herwi se the optical bagt bre sat dropped atuthedsaniet timeéb ad Tahyar e
when the bags have stopped because they gexplains for Susan that if the person at the end of the
straight down. But perhaps that is jusatwh train drops his bag firthe distance between the bags

think. on the ground could be 100 m. If the person at the
SusanThat is tricky. When they land they have 0.7ront of the train drops his bag first the distance will be
c. What is happening just when they land? shorter. They go on and discuss what this means and if

They go on and discuss what happens when the tagslistance between the bags might be 100 m.

fall down and if the distance between the bags is 100 r8o they ar@ble to solve the problem. Ann writes

or71m. down the Lorentz transformation for time and they
Anne:lt has to be the same wagnfr the other  calculate the time t when the bag at the front of the
side. It is the same thing from the train as from thérain is dropped. They calculate the distance travelled by
ground. the train since the bag at the end of the train was
Tanya:But | can absolutely not explain why it dropped. They hope this distance will be 29 m, so that
should be 100 m bet we ethe distamcenbetween the bagst shduld bewlO0wrh. & he
to call the 71 m, because in reality the train is 10@sult they arrive at is however 68 m so the distance

m. between the bags must be 139 m. They discuss the
Anne:ln reality and in reaf? That is tricky. result with the teacher and they then also rdadizéhe
Tanyal think.. | think it is peculiar. | want to see distance between the bags as measured from the train is
the contraction more as an optical illusion. still 2100 m and that a distance 139 m at the ground is

Here the idea of length contraction as an optisakn as 100 m from the train. They end the discussion
illusion turns up again. Then Susan discusses Whatflecting on their work.
happens when you go by the traid gou see two  Anne: On the train they still think that the
stones on the ground 100 m from each other. Shdalistane is 100 m.
concludes that you see the distance between the stongéanya:Everything that we discussed was very
as 71 m from the train. So she finds that the lengthlogicak--
contraction is the same seen from the train as seen frofBusanit was a very good problem. It was fun
the ground. They go on andkmaup more examples really.
that resemble the actual problem. All three students in this group participated in the
Eventually time and simultaneity comes into tHiscussion to the same extent. They started to discuss
discussion. The word simultaneity comes into thkat the problem was alio They compared with
di scussion for the fir s tanother pnablemvdnethey donstruetedsnewyesamplas We ¢ «
just answer t hat t h e r dllustiate thenpooblers. i Theudistuassiore evenyually led T h e
discussion goes on. Susan points to something intfhem to the solution of the problem. They listened to
notes and Anne answers that she thinks that tima c h ot her and asked guest.
shoul dndt be of any i mpundenstand.c e . 0Shoul dndt it?6 Tan
asks and in a while Anne has a suggestion. Probably siibe secondjroup discussing this problem went on
has thought of the importance of time amst &leard in about the same way as the first group. They started to
something from a discussion between the teacher diaduss length contraction and how this phenomenon
some other group. should be interpreted. Also in this group one student
Anne:l think, as | heard now and | have been suggested that the length contraction could be explain
sitting here and thinking. When we look at them as an optical illusion. This group asked the teacher for

from the ground, t h ey habsevérdl timésoandithey naeded this belp soaealize
time (Drop the bags.). that the bags were not dropped at the same time as seen
TanyaD o ntliey? from the ground. Then they concluded that the person
Anne:l dondét think so. at the end of the train musiogrhis bag first and they
Tanya:Will we first see one of them, poff, and could calculate the distance between the bags on the
then the other, poff? ground.

Anne:Yes. In this group as in the first group all the students
TanyaBut which comes first? seemed to enjoy the discussion but two of the students
Annell think it isé talked more than the other two and sometimes there

Tanya:First one of them, poff, and then the was a distssion going on in two subgroups. At some
other, poff. Which comes first? Because if the occasions one of the students seemed to dominate the
discussion and he was also the group member who most
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eagerly wanted to hear the explanations from dliscussion if it is possible to fall from one reference
teacher. system to another.

The students in both groups gradually evolved the The problem formulation led the students to
understanding. They compared with problems they hadresting discussions. When the students tried to solv
solved earlier and they made up their own problemsh® problem, lead by the problem formulation, they
clarify the situation. They discussed back and forth. tibed their kowledge of length contraction and
second group got explanations from the teacher sewwlallated the distance between the bags to be 71 m, k
times and they then repeated withir own words, at the same time they thought that the distance ought t
what the teacher had said. be 100 m. It became a paradox for them and it was ver

In this problem the students were lead by theeresting for them to go on and discuss the pnoble
problem formulation to discuss length contraction avt have in another study (Benckert, Pettersson, Aas
the students thoroughly investigated what Iendtthansson & Norman 2005) also found that students
contraction might be before they could solve tfied it interesting to solve problems where they have tc
problem. Tanyavanted to call the length contraction ageetermine if something is true or not. This is more
optical illusion and so did a student in the second granferesting than to just be asked toutate for example
This misunderstanding is in accordance with the resaultertain velocity or distance. The formulation of the
found by Hewson (1982). From these group discussjprso bl em wi t h t he questic
we can, however, see that the view of lengthaction another factor, besides the paradox, that makes thi
as a form of perception is not a firm misunderstandipgblem interesting for the students and makes it a rez
It is rather a suggestion when the students tried to fimdup problem.
an explanation to their peculiar results. Even if this is
not really misunderstandings it is useful for the teachefhe helium problem
to know that tke students discuss in this way and it
could be valuable to discuss it in class after the groujVe studied two groups that discussed why the voic
discussion to make the students aware of the problefrgeople changes if they inhale helium gas. This was
with such an interpretation. part of the combined course in electricity and waves

Scherr et al. (2001) report on an investigationBsffore this group discussion the students had attende
student understanding @he in special relativity. Theythree lectures on mechanivalves, one of these, about
found that students most often do not spontaneoustyund waves and resonance, was given the san
recognize that simultaneity is relative and from therning as the group discussion.
beginning our students did not realize this either. TheyChanging the pitch by inhaling helium
needed a lot of discussion and for one group help fromf you inhale helium gas you will get a completely
the teaher to really understand and accept it. Of coursedifferent voice. What is the reason for this and
these students have in the lecture heard that thdénow will the pitch change? Note that it can be
simultaneity is relative and they have also in lecturedangerous to inhale large quantities of helium gas.
been told that length contraction is a consequence offrhe lungs will normally prevent suffocation by
the fact that the simultaneity is relative,this is not detecting a surplus of carbon dioxide, but with
the same thing as understanding it and being abletousee | i um gas you dondt ex
the knowledge in problem solving. This group discomfort.
discussion shows that students need to discuss suchhe teachehad expected the students to discuss
phenomena at length to really understand what itvisch frequencies that would dominate by comparing
about. As there are many aspectspetial relativity with standing waves in a pipe. Since the size of th
that are counterintuitive it seems to be especialigans of speech is not changed by inhaling helium th
important for the students to be able during discussistanding waves must have the same wavelength. Tl
to find out all contradictions in their reasoning. relationbetween the speed of sound, v, the frequency, f

The discussions in the groups also indicate thatahed t he wavel engthk kori
students can have ptein undestanding what a periodic waves. By comparing the speed of sound for a
reference system i s. O n and ketium dhe rstudengsawiere¢ supppsedh ® ydraw @
system and the earth i sconclhsion dhath standirg y waves min helignm vill
is a misunderstanding also described by Panse eomugspond to higher frequencies than in the case witl
(1994). In this group discussion it can be discussetlrif
this rally is a misunderstanding or if the student just didWe video recorded two groups when they tried to
not express himself in a correct physical manner. $bke the helium problem. The first group consisted of
group did not discuss the question; it was just dagr men, David, Ron, Ken and Bill. The second group
student that talked in this way. In this case it could agosisted of three men, Charlie, John amd Beth
be valuable to discuss in a lectafter the group groups start off by looking for formulas with which they
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can calculate the sound velocity in helium gas. phgsical picture of the situation by beating his pen
teacher intervenes and shows that they can find abainst the table top illustrate what will happen at the
sound velocity for helium gas in their textbooks. keerface between helium and air.

intervenes at an early stage siedeas experience from KenThe frequency is higher, though. It will hit

the year before that students tried to find ways tomore often against the air when it arrives there.
calculate the velocity instead of finding a tabulatedHe is beating his pen rapidly against the
value. The sound velocity of helium is tabulated to 999abletop) Can the frequency be different?

m/s which is about three times higher than the soundRonNo.

velocity in air340 m/s. After the groups have found Kenl t must be | i ke thateélf

the value of the sound velocity of helium they started taRonit is this that will be changed.

di scuss the reason for t KeaThénithg tvavelengthiwil lceltharméd. t h e
voice. Both groups start off with the assumption that RonThe frequency is formed here. It must be
the vocal cords produce a certain frequency ieggardl the same, though? Then it is the wavelength that
of which gas that is surrounding them. This assumptiorchanges.

is taken for granted and is never questioned until th&ken:Yeah, iis the wavelength that changes when
teacher intervenes. This leads to much discussion aboittcomes out.

how the frequency changes when the sound goes fro

one medium to another. However, the group decides to be very explicit and

th e-lr;1h(teo Egﬁﬁ;ﬁxﬁ;‘ighiﬁl;g%ﬂg{ O%rtoup and as rites down what is known before and after the sound
y ' ; passes the interface. They put numbers into their

Bill: When the sound is created in the throa equations and_find that the Wavelength in §ir will_be

thenéthen the vibratiofs -t B 0 C o I
transmitted to the helium gas and these vibration shotter thah mthehu?n. I%Weve?, IB'” 1S pﬂzzl

must bee with light. He knows that when light enters into glass

David: €t he same. . . ; N
Bil: Ye s . I't candt depen d;'}:gglqht Wp1 gavehaecflfflerﬁn'#nwh%m{ths msidet\ tshee | f
that é '

Davidét hat the vocal corﬂo%lj
other vibrations in the vocal cords. That must be
the same for both gases.

Bill: Instead the change is when the sound is
transferred from the helium gagtie air.

orec nﬁjge& Heroes ot &erstand
what decides whether wavelength or frequency will

media with different spg® of sound. Ron agrees with
Bill and he quickly forgets the arguments from Ken.

The teacher understands that the group has beefloé discussion has now focused for a long time on what
the wrong track and suggests that the group makepgpens to the frequency and the wavelength at an
comparison with an organ pipe that is filled with heliumterface. At least some members of the group seem to

Bill draws a picture of a pipe with a standing wavehawve forgottenhiat they had found that the frequency is

the whiteboard. The group agguhat the wavelengthhigher already when it is produced in the throat. They

should be the same if air is replaced with helium intibge now returned to their original question on how the

pipe and they conclude that the frequency must therirbquency can increase at the interface.

three times higher. The group returns several times to the question if we
The group seems to have solved the problem wittar diferences in wavelength or in frequency. They

the help of the analogy with the pipe but Ron is roptickly agree that it is frequency that we perceive with

satisfied with this solution. He still worries about wlwatr ears. However, the question is still raised several

will happen when the sound leaves the helium &nees during the discussion. This might be a way for
enters the air. Ron then examines the relation betwbem to find another opening since they cagabtain
speed, frequency and wavelength that they have writtereased frequency.

down. Since the speed of sound demeaken the Kenilf we say that we have a boarder here. Here
sound leaves the helium in the mouth he thinks that thehe waves are rather far apart. Then we come to
frequency should also go down. Bill agrees with him anthis boarder.

says that the high frequency that was produced mudRonThen it will be a different medium.

return to normal when the sound comes out in the air.KenThen we will get a shorter wavelength. Then
Ken, on the other hand, adkwledges that the it will become a differefrequency also?

frequency is higher already when it is produced in thé&konYes.

throat and he questions that the frequency will change a&ill: No, not if the velocity is increased here. It
the interface between helium and air. He makes atill will have time to do the same number of

128 E  28M06ment,Eurasia J. Math. Sci. & Tech. Ed., 4(2), 121134

Ron seems to accept that the frequency is constant.

dwhy e ©
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vibrations. It travels much quicker. What do we calculation so the teacher quickly made sure that th
perceive? Is it wavelength or frequency? students did not spend time on thiswation. Second,

David:Frequency, | think. the students incorrectly assumed that the vocal cord
groduce a certain frequency and therefore they focuse

The first groupdoes not find a way to explain th o : .
phenomena.gTheF;? become stuck inythe disF::ussionOBr%he transition of the sound from helium to air. They

what happens at the interface between helium andsgﬁ.ntl a I%t .Of time d(j[scusswg Whe”!?f frglghu_ency o
They have to ask the teacher if it is the wavelengtﬁvgy(f]engt IS presed '3. such a tratr:smo_n. q ISI Wa$h
frequency that changes at the interface. The tea@ﬂg er unexpecte TI]]SCUSf]IOHf ut it dealt Wg
gives esme arguments to why the frequency Canﬁg}portant concepts. at the frequency must ‘.9,
change which is accepted by the students and oR tant for a wave travelling between different mediz

continue directly to write down the solution that thé\ﬁé ?:)ggggl? r?g??g&ﬁddwg\?efdﬂreiz n\?(rardls%:isesf:ad !
were required to hand in. . Yy y

o 8 o, Fon a1 Bl wie as mch BETIONEE 8 e cese of g, waveling o ancne
Ken and David. Ron and Bill letig discussion and y

write down the solution in the end. Ken does not say soln both groups, the_re were questions that popped ur
ver and over again during the discussions. One

much but he brings new (and correct) ideas into M lesi th . heth e f
discussion. Ron and Bill listen to Ken's ideas but tha§ " es the question whether we perceive frequency
avelength with our ears. This question was raise

do not really include them in their own reasoning. ﬁ%eral times in the first group and each time the grou
contributions _from David - consist of ~obvious ickly agreed that it is t?]e frpe uency that we er(\(;:eive|
conclusions and questions that do not belong to y agree : 9 y P

main discussion. ut as they did not find a solution to greblem they

The second group also focuses on what will hap %tHrned to this question several times. This is ar

o the” eency when the sound leaves neum (IS O e 1 dScusson went bk an ot
enters air. They realise that they need the speed. P P :

sound m helium and they use quite a long time 9
discuss how to get the sound velocity until they fin IIythink of sound in terms of objects. This might be a

find a value for it in the text book. Like the first grou on whv our students were not sure that the
they assume that the vocal cords produce a ceft%ﬂ? y

frequency and they try to find a way to gétereased requency of the wave should be unchanged when th

frequency at the interface between helium and airw%\/e passes from onenn;etz)qlélértn ]E?ethueegiheir.sByrtt;eatm‘
a3 8 Ject, Treq Yrepe

. : X o t nd waye
manipulating the equation v = Kk . The te % 519%(? " p |
them the same hint as he gave to the first group ﬁnag could charige like the speed of an object. If instea

not evolve in a stable linear pace.
Wittman et al. (2003) found that many students

: . € wave is seen as a series of events it ought to be cle
asks them to make a comparison with an organ 9

filled with helium. After a shorthile John has a clear. aﬁ the frequency cannot change by passing a

picture and can explain for the others that the high pf{rz:tr?rt];ﬁcethg s?gl?r?:jsgggiujzlé; ;';]u dd:gt; ?gﬁggaé?gvifgee
is produced in the throat in the same way that heli 9 '

would produce a higher pitch in an organ pipe. T?]]e e can notice that the students had a strategy whe
e

group is completely satisfied with this explanation ij manipulated their equations, namely that in ¢
does not retur to the discussion about what will ation between three physical quantities one should

happen at the interface between helium and air. ?Agrcopséanthv;gllen?e Ohthsiggl’voa\:v”lljrggﬁtesndtgn tﬁZiCrh
In the second group Charlie talks a lot, commentlc%as m tior)1/that either v?/ai//elen th gr frequency shoul

on all ideas that are brought forward. John talks Iessn grmP 9 a Y
eoff:onstant but the students start from this fundamenta

he introduces most ideas in the discussions. Man%trate This strate is often useful when solvin
them ae incorrect which John realizes himself after ,a 9y. 9y :

while. Ben talks less than John but he poses SRQ}?’[ISS;%OgfrTnZI?Ut;t:fen?tveilmiﬁ \;%hd. uestionin
relevant questions for the discussion. y P ya 9

The teacher had anticipated that the students shg&?&d.the fr_eﬁud(-:_‘fr;cy IS constant V\:jhenh_a _vvaxe enter?
discuss the conditions for producing sound wh pdium with different wave speed. This s the case fo

helium fills thevocal organs. Instead the students I t entering a material with different index of

both groups discussed other things. First, they triecfetfélacuon ar][d W?;ef[ tvr\:aves tthaat ?ntetr ? (;e?log_ witt
calculate the speed of sound in helium by referrinqsr{l totvr\]/erfwa er. af these S udenhs sldar(ra] 0 |stc;1hs
theories for sound velocity in gases. This was not.nfef € l;e?uency 0 Otlehsol_un Sh Ould ctatt)nge a
intention of the teacher since it is easy to ging'ierace (Eweetr;]_alr(?n elium shouid no kedsient%
tabulated value of the sound velocity and using thegfesonception, this discussion was provoked by the
for sound velocities would require other data that gngsthn that they could not find the' a@ste. This IS
milar to the discussior

much harder to find. It would be a too difficul? :
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explanations to why it is hotter in the summearoup three male students and one female student
Depending on the situation the students could come(Marvin, Ted, Ann and Alfred).
with different answers to the question. Who wins?

All students in these groups took part the In an amusement park there is a racer track
discussions and they were focused on the problemwhere competing persons go down the track in
solving, they did not talk about other things. It was,small carts with big wheels. The incline of the
though, a difference in how much each group membetrack is 30 to the horizontal planéThe carts
participated in the discussion. It is an interestinghave four wheels and every wheel has a mass of
observation that although Ken, in the fiisiup, gave 20 kg and a diameter of 1 m. The total mass of a

correct explanations to what will happen at the interfaceart is 100 kg and the total length of the track is
between helium and air his ideas were never reallgo m.

accepted. One reason could be that he did not have the You visit the amusement park together with a
required status in the group so that the others wouldphoy. His mass is 30 kg. You two compete isn th
trust what he said. Anotheeason, which is supported track several times and you always win. Do you
by observations from the video recordings, could behave nature on your side and the boy nature
that Ron and Bill were so occupied with their own against him? What final velocity do you reach?
problems that they did not take in what Ken said In the first group John and Mike sit beside each
although they let him speak. other at a table. Alan comes a little later and sits down
This group discussion shows that it is impbtteat  right ogposite to John and Mike. Mike says in a while
the teacher is present and can guide the groups fag the problem will involve potential energy and
correct explanation in the end. Several times, the Kiisétic energy. He fetches the calculator and starts to
group made a correct description that the frequegglculate the potential energy for the different masses.
does not change at the interface between two diffegagmin comments that this means that the oretigt
media. When the teacher caméhto group they still biggest mass will reach the bottom first. Alan says,

had to ask the teacher if it is the frequency or hé o e s it 2?20, but they donot

wavelength that will be constant when the sound travgiie John starts to talk about the moment of inertia.
across an interface. Probably none of the groups wouldohn: B u t shoul dnodt w e us e
have come to the correct explanation by themselves. inertia?
This qualitative problem gave rise to lively Mike:Yes, we can do that.
discussions, even though our experience was thalike looks rito the textbook. John erases the
qualitative questions in general give rise to rathegwhiteboard and Alan looks in his notebook. Mike
shallow discussions. We had previously observed thdinds something.
students did not work so hard with the question Mike: Perhaps. Force times the distance is equal
OExpl ain tthhee rreaismmew!f @r tothetwerk,. coul d j ust
note that different colours are refracted in different Alan:Mm.
ways in a raindrop and be satisfied with this shortMike:So it is in this way you will get to know the
explanation for the rainbow although there are manyforce. The moment of inertia faach wheel
more aspects of the rainbow that are hard totimes the distance. Look!
understand. In thease with the helium problem, the Alan:Moment of inertia, is that force?
students did not find a solution that worked. In this way Mike:It is force.
they became eager to really try to understand what wag§an'Can o6t we do as we di d
going on. Mike seems sure that moment of inertia is force, but
the other students ignore him. Then the teacher comes
Group discussion around a problem dealing by and Nke explains that they now talk about moment
with rotation of rigid bodies of inertia, but that his first thought was that the cart has
potential energy and loses it which becomes kinetic
The purpose of this groupsdussion is to give theenergy. The teacher explains that this is part of the
students a possibility to discuss energy of rotating, &i,gqu, but the moment of inertia should disopart of
bodies and moment of inertia. These are new concgdssolution. Mike asks again if moment of inertia is not
for the students. Before this group discussion #agce and the teacher explains that moment of inertia is
students had attended three lectures on rigid bogigsrotational motion what mass is for translational
dealing with r@tion of a rigid body, moment of inertiamotion. The rotational energy must in some way be part
torque and angular momentum. We video recorded BfQhe solution, théeacher says. Now John seems to
groups when they discussed and tried to solve ({R@erstand the problem and writes down that the
problem given below. In one group there were thig&ential energy is equal to translational energy plus
male students (John, Mike and Alan) and in the otfg&tional energy and so they find an expression for the
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final velocity. John and Alan discuss if the velocity Wi#ir steps, dimension analysis and a discussion if tt
be bgger if the mass is bigger and they find that it wéult is reasonable. Alfred asks Ann to write up theil
be so. John observes that they have solved the firstrpatlts. Ann, who hitherto has mostly tried to follow the
of the problem and s ays discosBiant is inhtlsnway tdrawnsintad then jgroblém
John then points out that they also should calculaseling. She starto draw a picture and to write down
value for the final velocity but they srasvalue for the the solution. Alfred gives her instructions on how to
moment of inertia. He has earlier heard the teachate down the solution. The students also discuss
telling another group that one cannot know what thietion in the wheels and if it is friction just in the hub
moment of inertia is, as they do not know what tbe somewhere else too. And so a discussion abeut ho
wheels look like. Alan wants to suppose that the wheelsvrite down the solution and a discussion about
are cylindrical shells. dols doubtful if they may friction is going on in parallel for a while. They discuss
assume such a thing. The teacher comes and Johrralkg friction, sliding friction and air resistance but
him if you can calcul attehdayhedomrdtocsegmitfoyhbaveao
what the wheels look like and the teacher answersftiaion is. Their conclusios ithat friction can be of
they can make some assumption. They then calculatep or t ance but they dono
the velocity wh the assumption that the wheels atbeir written solution they write without any
hollow cylinders. justification, that even if there is friction the greater
In this group the contributions to the discussion arass is most important.
rather equally distributed among the participants but dn the first part of the discussion it is moaifyed
problem for the group is that they do not seem to ralyd Ted who have contributed to the discussion.
on each other enough to be ablguestion the other Marvin has only asked one question and he has sa
studentsd arguments andodVYeos, sugyest i mprevement g
them. Instead they want to hear what the teacher hdsltowing the discussion. Ann has first been away
say. This group is also uncertain about the definitiomigtussing with another group and therhakdried to
many concepts and they have difficulties seeing viblsaw the discussion but she has not contributed to it.
their formulas im. Mike certainly lacks knowledghklo s t of Annds contributi
about moment of inertia and the other students in th@wvn their solution and then receives help from Alfred.
group are not sufficiently competent and influential to Neither of these two groups did function very well.
protest loudly. The problem solving and calculation tikethe second group two difie students were more

a long time for them. active in the discussion than the other two. Ann was
In the other group Ted startset discussion by  very unsure of her knowledge about the actual physic:
telling that he is not so familiar with this stuff. ol know my shortcomings, ¢

Ted:ls there somebody who has a good idea? lwas not functioning well in every way, Alfred asked Anr
have not had enough time to solve so manyto be the sect&y and so he drew her into the problem
problems, so I &dm not s solvihgadiméussiom in the ifirst lgrodp hAlais and John
In this group there is another student, Marvin, weometimes had productive discussions but overall it wa
hasideas about how the problem should be solved. difficult for this group to advance their solution on their
suggests that they can use energy conservation andwmratThey had to and wanted to receive hetp the
they have to take care of the rotation of the whe&dscher. Mike was ignorant of certain physics concept:
They go on and discuss what the wheels do look like he did not question his own knowledge in the way
and if the wheels can be seen as solidlendior if Ann did.
there are spokes in the middle. They give examples @ome of the students in these two groups seemed t
different types of tyres and Marvin suggests that theyather uncertain about important concepts and it wa
can take ordinary Opel rims, because then the centdiffisult especially fothe first group to solve the
quite heavy. After some more discussion they agreeptadilem. For the group discussions to function well the
the wheels can be seensalid cylinders. They writestudents have to be rather well prepared on the subjec
down the relation between potential energhhis type of group discussions is intended to give the
translational energy and rotational energy. They takestilndents an opportunity to discuss, interpret and appl
moment of inertia for the wheels to be a constant giysics concepts and principles and so deepen the
so they receive an expression for the velocity and thredestanding. It is not intended to be an opportunity
argue that aatger mass will give a larger velocity. Theylearn totally new concepts as for example in problen
go on and calculate the final velocity. The problenbased learning.
solved. The second group discussed thoroughly how to
They then start to write down the solution. They gmeesent the solution and thegrhfollowed the taught
taught to write down the solution according to the stgeblemsolving strategy. This discussion was also «
of the problensolving strategy withativations for all repetition of the problem solving and an opportunity
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for Ann to get involved and perhaps understand the udent sd attention on the r.
solution. They also had a discussion on different fomrgen solving problems. This is important even if such a
of friction, althoulg this discussion should preferably Istrategy is not a golden rulegroblem solving because
followed by a discussion in class. students for example can lack relevant knowledge or

This problem about carts going down a track wsart with a wrong assumption.
not as engaging for the students as the problem inThe students discussed physics concepts and
relativity. It is also rather unrealistic with the carts witinciples nearly all the time in the group discussions.
very big wheels anchere the child is allowed to go iMisundestandings of physics concepts reggbin the
his own cart. The students had occasional commétesature emerged in the discussions now and then.
about the big wheels and one student said thatHmsvever, when the students suggested that length
woul dnot |l i ke go by s u cdntracion caa betseemwas aarhoptitahilkision, this seem t vy
km/h. The problem is ended with a question: What fimalbe just a suggestion on the way to a more profound
velocity doyou reach? This question was added to givelerstanding, not a real misenstanding. When the
the students a hint that they could use the enestmdents tried to solve the problem in relativity we find
principle, but this question made the problem more ldgedid Scherr et al. (2001) that the relative simultaneity is
an ordinary task than a good contikt problem. The a difficult concept for the students and they need a lot

guestion could be left out. of discussion to realize that the simultaneity is relative
The students can al so O6det ec:
RESULTS AND CONCLUSION S and the textbook do not see as difficulties. An example

is what happens when the sound leaves helium and

The discussions in the groups went back and fastiters air. For the teacher it was rather obvious that it is
and the discussion did not evolve in a stable linear gfaeguency that is unchanged thig was not evident for
The students had to discuss examples and other students. They needed a long discussion on this
possibilities to be convinced of what is true, thiggue.
compared with other problems they had s@addhey For the group discussions to function well the
used examples from everyday life. It was also imporandients have to be rather well prepared on the subject.
for the students to formulate conclusions and resifitthe students are too ignorant of the physics content
from the discussions in their own words to reathey may jst look in the textbook for formulas as they
understand what it meant. When the teacher explatiedin one of the groups that solved the problem in
something for the students theyteof repeated the mechanics. This way of working does not lead to
conclusions with their own words and then they wembductive discussions and this group also had to get a
on with their discussion. These group discussions stmwf help from the teacher. Maloney (1994) points out
that the students need to discuss physical phenomna@, there exist studies that imply that working with
as for example length contraction, at length to replgblem examples is an important part of learning
grasp all aspects aflitis also clear that there are a lokeclarative knowledge but other studies imply that
of questions, which the teacher has not thought ofsaslents need to have a solid knowledge base to be able
problematic, that can come up in the discussions. to solve problems effectively. Our conclugiom this

The students were introduced to and supposedstady is that the students need some knowledge of
follow a problersolving strategy. Some groupglevant physics concepts and principles when they start
followed the prblemsolving strategy when they began solve problems in the group discussion but also that
their discussion making their own picture of thiee group discussions are effective opportunities for
problem situation but others did not. A better use of tliearning and understandinghysics concepts and
problemsolving strategy could probably have helpgdnciples.
the students to organize their attempts to solve thelf the groups do not function well this can lead to
problen. However, the groups might get into troubless productive discussions which was seen especially in
even if they start according to the prokdefaing the groups solving the mechanics problem. In one
strategy. In the case of the helium problem, both grogpsup two of the students were more active than the
made the wrong assumption about the frequen@tser two andn the other group they did not seem to
produced and the groups started to discuss a probteiy, enough on each other to be able to work on their
which was there only because of their erroneowslerstanding together. A more emphasized use of
assumption. In any case the students used the probigoup roles and more evaluations and discussions of the
solving strategy when they wrote down the solution theyup work during the course, as suggested by Heller
were going to hand in and this gave them taed Hollabaugh (1992), might have made the group
opportunity to talk through the solution once agath work more effective for all students.
to discuss the results. We agree with Leonard et alt is also important that the teacher is present and
(1996) that teaching problewlving strategies focusesan guide the groups. This was shown in the first helium
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group where the group several times had made a co@@utn, E.G. (1994). Restructuring the classroom: Condition:
desciption but when the teacher came to the group for productive small groups. Review of Educational
they still had to ask if it is the frequency or the-waye Research, 64(1}35. _ _

length that will be constant when the sound travBiSessa A. (1993). Towards an epistemology of physics.

across an interface. To listen to the questions of S?ﬁefoggtlOr,la\asrfklgsnﬂmorte]é%hl0‘]&2|?/|.ortimer E & Scott P

students can be an important occasion foetmhe~r to él 94) Constructing _scientific . k owledgﬁ in the
l'earn about studentsd di tdsdrobnitdiatiol ges?ﬁrcher,"ié(?‘},gz. physic
important for the teacher to listen to the discussions=igyhag, M., Gstafsson, P. & Jonsson, G. (2007) From
be able to treat important questions raised in the group everyday life experiences to physics understanding
discussions in a following lecture. occurring in small group work with contésh
Maloney (1994) says that if we expectests to problems during introductory physics work at
learn concepts and principles we may need to alter the university Research in Science Education. Published online
form of the assigned problems. He mentions centext 11 Januaryid7. _
rich problems introduced by Heller and Hollabauffutreau, R. & Novembsky, L. (1997). Conceptsdfifst
(1992) as one possibility. Contéti problems, small group approach to physics learnfiugrican

. X Journal of Physics, 65(5), 418428.
however, can differ in content and fofthe problem Hake, R. R. (1998). Interactireggagement versus traditional

in special relativity was very engaging and the problem aihods: A sithousanestudent survey of mianics

in mechanics less so. It is essential to put energy iNtest data for introductory physics coursiserican
designing good problems. The qualitative helium Jjournal of Physics, 66 (1), 6&4.

problem gave rise to lively discussions, even thoughHallbun, |I. A. & Hestenes, D. (1985). Comisemnse
experience was that quélita questions in general give  concepts about motiosmerican Journal of Physics, 53,
rise to rather shallow discussions. The conclusion is that 105&1065. _ _

qualitative questions as other contiekt problems Hammer, D. (1996). Misconceptions dPrifns: How may

should be formulated so that they result in some alternative perspectives of cognitive structure influence
uzzlina experience for the students instructional perceptions and intentiomks?Journal of
P W gf. dp that disci ' d phvsi The Learning Sciences 5(2), 97127.

e 1in at group disaiens around phySICS,q)ier p | Keith R. & Anderson S. (1992). Teaching problemn
problems can lead to stimulating and learning goving through cooperative grogpiPart 1: Group
discussions of physics. The students discussed physicSersus individual problem solvirgmerican Journal of
concepts and principles and evolved their knowledge physics, 60 (7), 62836.
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