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Abstract

The purpose of this study was to investigate tifiecebf Problem Based Learning (PBL) approach dngsade
students’ misconceptions about certain topics aédtHand Temperature”. This study is an experimesitaly
with a pre-test, post-test, control group desigmmfle of the study consisted of 64 fifth grade stud (27 in
experimental group, 37 in control group) who wetterading an elementary school in a town which cated at
Central Anatolian Region in Turkey. Students irpexmental group were instructed by applying Proble
Based Learning approach and control group was tawglutilizing traditional teaching methods. Insttional
period took 13 weeks. Students’ misconceptions wletermined by administering the “Heat and Tempeeat
Concept Test” just before and 3 weeks after thiunsonal period. The results of the study showreat PBL
approach was more effective than traditional irdtom in reducing the misconceptions about Heat and
Temperature topics.

Keywords: Problem Based Learning, Science teaching, HeatTardperature, Misconceptions” frade
students

1. Introduction

People sometimes make generalizations relying ein limited observations, or make incorrect inferes from
their observations, experiences, or interactionth whe world around them. Knowledge constructeauph
such a process might be contradictory to acceptadntific views about a subject. Terms such as
misconceptions, pre-conceptions, children’s sciemzgve beliefs, alternative conceptions, intuitiseience,
alternative frameworks are used to describe thisafdknowledge. Sometimes the knowledge is so sothat,
replacing it with scientific explanations might kery difficult. Furthermore, it might be even mubhrder to
learn the new topics which are related to the cphcsince pre-conceptions are influential in leagiit is
important for educators to be aware of misconcegtihat their students held about a specific tapit should
design their instructions by taking the studentgritive framework into consideration.

Studies about alternative conceptions in varioisnse topics constitute an important part of saeaducation
research. Significant amount of studies conduategixemine how students understand certain sciemueepts
revealed that students in all educational levelsl various alternative conceptions. For examplseaech on
children’s understandings about living things shtwat they see plants in nonliving things categamgl ¢hink
that only moving things are living things (Bayrak& Kuvvet, 2017; Brule et al., 2014). Physics edatimn
research shows that, people think that bigger ¢bjexert greater force (Savinainen et al., 201 @nypeople
think that the moon has its own light, and the oeaf®r the Moon’s different shapes is shadow of Eagth on
the Moon (Nielsen & Hoban, 2015; Aberg-Bengtssoaylgson, & Ottosson, 2017). Some people think that
gravity doesn’t exist in the space (Bar, Brosh, Beffler, 2016). Most people believe that gases ddhaee
mass (Adadan & Oner, 2014).

Heat and temperature is one of the most studiedgdp misconceptions research. The results ofstodies
showed that many students held some specific alfi#mconceptions on the subject. For example, stostents
believe that heat and temperature are the samee(G&nKocakaya, 2010; Cakir-Olgun, 2008; Kali & Linn
2008). Some students believe that temperaturébofig does not depend on its’ heat, and dependseokind or
size of it (Aydin, 2007; Keser, 2007; Bulus-Kirikka & Gullu, 2008). Students experience difficulty i
conceptualizing heat transfer and thermal equiliori For example, most students do not compreheat th
different types of materials have different therncainductivity (Keser, 2007; Karakuyu, 2006; Baser &
Cataloglu, 2005, Alwan, 2011, Lewis & Linn, 1994).
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Bulus, Kirikkaya & Gullu (2008) study with 300 stats at 5th grade showed that about %50 studeimis t
that heat is measured by thermometer, % 65 thiaktdmperature is a kind of energy, and about %36em
think that when something burns, it gives out terapae. All these results showed that studentsusanfieat
and temperature. Interviews with the teachers sindents in the schools where the research wasucted
revealed that in science and technology classadests do activities and experiments related totdipécs
covered in the lesson. Considering this fact, nesesis commented on the necessity to survey theique
knowledge of the students at the beginning of erpents/activities, since previous experiences ardgptions
might lead them to draw incorrect conclusions fithin activities/experiments.

It is agreed upon that traditional learning methars not very effective in eliminating misconceptpcreating
meaningful learning, and increasing students’ évit Constructivist teaching/learning activities: the other
hand, take into account of students’ pre-conceptiomake connections between new information anstesxi
knowledge, promote inquiry and encourage coopexd¢arning.

Problem based learning is one of the constructhaésted learning approaches, in which students aont a
subject in the context of real world problems. Tdwals of PBL include helping students develop ifikx
knowledge, effective problem-solving skills, effieet collaboration skills, and intrinsic motivatigiimelo-

Silver & Eberbach, 2012). Working in groups, studeidentify what they already know, what they need
know, and how and where to access new informatiahmay lead to resolution of the problem. The rmala

of the instructor is to facilitate learning by prding appropriate scaffolding and support in thecass (Barrett,
2010).

Primary instructional materials for PBL are sceosuvhich are basically stories in which real lifelglems take
place. The most important goal of scenarios is élp Istudents to achieve the determined objectiVethe
instruction by means of specific processes. Funtbeg, scenarios make students think that the sulgebe
learned is necessary and helpful. Scenarios alsmlste students to inquire and help them to ptd practice
what they have learned. Schmidt (1983) describeptbcess of Problem-Based Learning as seven stages

- clarifying and agreeing on terms and conceptsate&unclear

- define the problem and review terms which needendepth or explanation

- analyze, brainstorm and create potential hypighes

- discuss, evaluate and organize possible exptarmainto potential hypothesis

- generate and prioritize learning objectives, d@iviesearch workload

- private study time to research objectives

-during next tutorial report back gained informatiocreate an explanation and synthesize new

information in relation to the problem

During instruction consistent with the stages olLP8udents create hypotheses in order to solvetbklem;
they make investigations, conduct experiments $o tteeir hypotheses. Consequently, they are exgpdoteise
science process skills which are crucial in sciesthgcation. Most important, students construct tkedwledge
by means of their own effort, which is the essesfogonstructivist approach.

Considering the principles of PBL, it could be hipgsized that it has a potential to develop mairffgreint
skills. As a matter of fact, literature about PBLfill of evidence which support this claim. Acdimg to the
results of the studies on the subject, Probleme@&dsarning has been shown to develop studentscadri
thinking skills (Yaman, 2003; Smith & Hung, 20160tg et al., 2014; R Haridza & Irving, 2017; Martgnal.,
2014; Temel, 2014); improve self-efficacy bedi¢Kaptan & Korkmaz, 2002; Smith & Hung, 2017; Hedg
Gale, & Meng, 2017 ) promote creative thinking IskiYaman & Yalcin, 2005; Yoon et al., 2015; ) iease
academic achievement (Kara6z, 2008; Bayrak, 209yiléz & Tarhan, 2017; Simons & Klein, 2007, Horé&k
Galluzzo, 2017). PBL is also effective in improviagence process skills (Tatar, 2007; Keil, Haney¥ @&fel,
2009; Hmelo-Silver, Duncan, & Chinn, 2007), concieatrning (Li & Tsai; 2017; Becerra- Labra, Gros+hil&
Martinez Torregrosa, 2014; Hung, 2015 ) as welbearcoming misconceptions (Akigln & Tandagzan, 2006,
Loyens et al, 2015; Diana et al., 2015; Kamp e2@1,4).

Although studies on the effectiveness of PBL oriowa skills are abundant in many different subjeetters,
number of studies on its effects on reducing miseptions in science is limited. Furthermore, vexw Studies
conducted with primary school students. The purpafsehis study is to examine the effect of ProblBased
Learning (PBL) approach on 5th grade students’ amiseptions about “heat and temperature”.
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2. Method
Sample

The sample of the study consisted of sixty fourditide students who were attending to an elemestdigol in
a town called Bozkir which was located in Centrattpf Turkey. Students’ ages ranged between 1012nd
twelve years. Experimental group consisted of 2detts (12 boys and 15 girls) and control grousisbed of
37 students (18 boys and 19 girls).

Heat and Temperature Concept Test

Students’ misconceptions were identified by meah&@at and Temperature Concept Test”. Six objadiv
were chosen in Heat and Temperature Teaching Unithwis titled “Let's Know Matter” which is includkin
5th grade Science and Technology Curriculum. Qomestin the concept test were developed as to beame
with these objectives. Content validity is assusgane science education expert and the two teadierontrol
and experimental group teachers’ reviewing the tesl giving feedback. Based on experts’ suggestions
questions were modified and administered to 5Stligtudents in another primary school in the negndod
area. By means of pilot study, clarity of the tg@gestions and its’ potential to detect misconcastibas been
checked before the intervention. Pearson's Prddoatent Correlation coefficient was found 0.78 ifoultiple
choice questions of the test. Heat and Temper&areept Test was consisted of 9 multiple-choicestjols, 6
two-tier questions, and 7 open-ended questionsfdllmaving are examples of the questions.

Question 7.Which one of the materials sitting on your room lfing time has greater temperature: ceramic tea
cup, wool shirt, plastic ball, and metal plate.

a) Wool shirt

b) Ceramic tea cup

¢) Plastic ball

d) Metal plate

e) All have the same temperature

1. Explain why you choose this option.

Question 12. Which of the following statements is/are true?

I. Heat transfers from hot object to cold objedhew two objects at different temperatures cameimact.
Il. When you heat something up, its temperaturestis

lll. Cold objects do not have heat.

a)Only | b)Only Il ¢) Only 11l d) I and Il e)lll, and 11l

Question 21. How can you cool down a glass of hot water? Rlexplain.

Scenarios

The researchers designed the scenarios by spéygifacidressing the misconceptions which were detexcth
from the pre-test results. Eight scenarios weréydes for the whole instructional period.

Scenario(s) Related Misconception(s)
Heat or Temperature? Temperature and heat are the same things.
Ceren & Her Baby Brother 1.When two objects heated equally the temperatiurahe object with

bigger mass increases more
2.Cold objects have no heat
3. Objects which gained the same amount of healdweach the same
temperature regardless of their mass.

Red Riding Hood 1. Wool objects are good for keeping objects wanmblad for keeping
Lets’ Go to Picnic objects cold.

2. Aluminum foil does not conduct heat. It is tlestbsubstance fof
keeping the objects cold.

Little Scientists Temperatures of the objects sitting in the samenraepend on thei
mass, volume, and the substance they are made of

Curious Kid When the heat transfer completed, temperature efotfjects will not
be the same
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An exemplary scenario addressing the misconceptidfmol objects are good for keeping objects warmt b
bad for keeping objects cold” and “Aluminum foile@not conduct heat. It is the best substancegfepikg the
objects cold” presented below.

Let's Have a Picnic

Cagan is a 5th grade student in an elementary scBaca nice sunny day, Cagan and his classmatided®
have a picnic. They make plans about what theldailat the picnic and what they will take with théo eat
and drink. Because the weather is hot, Cagan detidtake ice water to the picnic. He goes homintb the
thermos, however he could not find it because hisnrhave lend it to the neighbor. He wanders inkitehen
desperately, thinks: whether should | put the watea plastic container, or glass container, orpaitawith
aluminum folio, or wrap it with a wool fabric, orhat else can | use to keep the water cold. Howéneeould
not make up his mind. Can you help Cagan to dedideieh material he should choose and why?

Teaching Process

Control group students were taught “heat and teatper” concepts by employing teacher-centered ttoadil
teaching methods, such as teacher are explainingahtent, asking questions, and whole class digmus The
experimental group students were presented realplibblems by means of scenarios related to hedt an
temperature concepts. For PBL sessions, first,esitisdwere asked to form study groups with theifgored
friends, give a name to their group, and indicetedgroup members names on the forms they were .givais

part is prepared considering that it would be heélgh subsequent parts of the process by creating a
consciousness of being a group in students.

After presenting the problem situation by meanthefscenarios, students were encouraged to thishknauire
about the problem. In the next step, students wsked to write about what they know on the topiorder to
detect their pre-conceptions and alternative catimep -if they have any- about the topic and inthoghat they
need to know to solve the problem. Students, tivene asked to plan what they need to do to sokwetbblem,
distribute the tasks to the group members and fte wiown their hypotheses. Following this stepdstis,
made a literature search related to the problemgathered information, and tried to solve the peablby
means of information at hand and/or by executirtiyiéies or experiments they planned. Some of trstadies
were conducted out of school because course pergdimited to complete all these activities.

3. Findings

Misconceptions were detected before and after Bk iRstruction through the use of Concept test.-test
results showed that students held several misctinospabout Heat and Temperature topics. Some dranop
the misconceptions aréfemperature and heat are the same things” “Temperes of the objects sitting in the
same room differentiate depending on their maskinve, and the substance they are made of”, “Colgecis
have no heat” “Objects gaining the same amountedthvould reach the same temperature regardlessef
mass” The following table shows frequencies of the misaptions before and after the Problem Based
Learning implementation.
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Table 1. The Percentages of Students’ Alterna@iwaceptions as determined in Pre-test and Post-test

Alternative Conceptions PBL Control
(N=27) (N=36)
Pre Post | Pre Post
% % % %
The temperature of an object depends on its size. 44 7.4 58.3| 45.9
Temperature of an object always changes wherhi¢éed 51.8 | 22.2 19.4| 621
Temperature and heat are the same things. 70.3 | 59.2 61.1| 78.3
Cold objects have no heat 74 37 722 | 72.9

When two objects heated equally the temperatutheobbject with bigger 40.7 | 7.4 55.5| 35.1
mass increases more.

Objects which gained the same amount of heat woedth the same¢ 22.2 | 7.4 19.4| 10.8
temperature regardless of their mass.

Temperatures of the objects sitting in the samenraepend on their mass51.8 | 25.9 38.8| 48.6
volume, and the substance they are made of.

When the heat transfer completed, temperatureeobhjects will not be the 18.5 | 14.8 222 351
same.

Wool objects are good for keeping objects warm bk for keeping objects18.5 | 7.4 16.6 | 27
cold.

Aluminum foil does not conduct heat. It is the Isedtstance for keeping the25.9 | 33.3 8.3 40.5
objects cold.

Table 1 shows the frequency of the students hasamge specific misconceptions before and afterregregrnent
in both experimental and control groups. A totall6f misconceptions detected in the study. Accordinthe
table, all misconceptions but one decreased rerbbrian the experimental group students. Howeverthan
control group, frequency of students having 2 deniisconceptions decreased, the others remaimedame
or increased.

4. Discussion

According to the results, students’ misconceptiabsut heat and temperature decreased more in mqrasl
group than in the control group. These results shbat PBL is an effective approach in reducing the
misconceptions when compared to traditional insioac PBL's effectiveness is related mainly itslercon
leading students to carry out experiments/ handaotinities to solve the problem presented to tfgnmeans

of scenarios.

When implementing PBL approach, students were ptedescenarios prepared for the specific topintdrest.
For example, in the scenario titled “Little Scistdl’ Selin and her friends are curious to know Wwhetifferent
kinds of liquids have same temperature under theeszonditions. They take different liquids (watelfye oil,
molasses) and measure their initial temperaturesnThey leave them in different media (hot, caldgl rainy)
for a while and then measured their last tempegatis a second task they changed the amount of tlipsds
(two times more, three times more, or cut in hatil measure their temperature again. The problgengn
this scenario is that what results Ceren and hends would reach at the end of these experimdims.goal
here is to help students to gain the concepts iffietdnt kinds of materials that sit at the samedime would
have (reach) the same temperature and the tempeiatindependent of their masses”. The post &silts
show that the experimental group students’ misgotimes have decreased significantly.

The results show that the misconception that “Wtvem objects heated equally the temperature of tjeco
with bigger mass increases more” was decreased4td@so/from 40.7 % in experimental group; whereas for
control group this rate decreased to 35.1 % f&md %.. The reason for decrease in experimentalpyis
more than the control group, their doing an expentmwhen solving the problem in “Ceren and her baby
brother” scenario. Ceren takes two different sizpais from kitchen and fills them with water. Cen@measures
the initial temperature of each pot of water anel theey are the same. Then she puts them on ideh&egers
and heats up same period of time, then measuriditizd temperatures. At the end of the scenariments are
asked to guess the final temperatures of the eaicbfpvater. Students were encouraged to solveiblelem by
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doing a similar experiment. The students made #rg game experiment by themselves and solve tHagm
Doing the experiments on their own made the biggHett in overcoming misconceptions.

The misconception that “cold objects have no hea$ decreased to 45% from 74 % in experimentalgrou
whereas there was no change in control group sted€he reason for this decrease in experimentalmis the
activity they made for solving the problem in “Cer@nd his baby brother” scenario in which they mesd the
temperature of two ice cubes which have differesitmes. This activity designed for students tosgrthat
temperature does not depend on the mass of thetsbjehis activity also helped students to realim cold
objects also have temperature and it can be mehsidmvever large number of students did not chahge
idea that cold objects have no heat. The reasdrittbalecrease in this specific misconception ialsmight be
the experiment is made with ice. Because the temtyper is O degrees for ice and 0 might mean tleaptbperty
does not exist for the students.

Heat is transferred from one place to another. TBzatpre increases as a result of increase in héliwever,
according to the results of the current researithoagh students conducted a series of experimetased to
heat transfer, vast majority of them still beliebdt “it is the temperature that is transferramrfrone matter to
another, not the heat”. This result also meansshatents confused the heat and temperature cendegtile 1
shows that, students’ misconception “heat and teatpee are the same” changed % 59.2 from % 70,8, onl
whereas control group students’ misconceptionseamed to % 78,3 from % 61.1. This result is coastswvith
Gonen and Akgun (2005) study with pre-service smeteachers. In their study % 7.89' of the partiois
stated that it was the temperature transferred fomsystem to cold system, and, % 5.26 of theredtthat
both heat and temperature transferred.

The scenario designed for this misconception isw@ng boy Ali's curiosity about his neighbor’s patiia hot
bowl of soup in a bigger container with cold walteit. Students conducted a very similar activitysblve the
problem. This problem designed for students to@rhst heat is transferred from hot object to oolgect.
However, this scenario does not seem to be suetasgsfeach this goal. Although, examining the ekpental
group students’ answers to the questions at theoénlde PBL session suggest that they reached dheat
understanding about the heat transfer, their arssteethe concept test showing a contradictory tesight be
partially originated from their misunderstandingtted related question.

Results of the current study showed that experiategroup students’ misconceptioaltiminum is always cold
because it is metaldecreased to % 7,4 from % 48,2. However, exarnunabf the answers to the question:
“What can you say about the temperatures of a naetdlwooden spoon which are put in a hot pot op8bu
shows that their misconception still survives. Tiigisult might be due to the fact that students wetegiven a
problem which directly focuses on the temperatwea wooden and metal objects sit in the same mediu
Consequently, they did not conduct an experimdate@ to it. It is understood that students havécdity in
generalizing the results of the experiments thelyfdi the liquids to the solid materials. Furtherm students
did not have a chance to measure temperature iof @bjects, because the thermometers were notadneil
From this result, it can be deduced that studentsi;sage are not quite successful to transfekttmvledge in
different situations.

In order to overcome the misconception that alumins best way to keep objects cool, and the wodgjoisd
only to keep objects warm, experimental group stiglevere presented with a number of scenarios. The
problem of the scenario titled aRéd Riding Hood's: what kind of material is the best for keepthg food
warm that the little girl was taking to her grandher. Students were asked to help Red Riding Hoothis
matter. The aim of this scenario was to drive sttgléo do research on heat transfer/heat insulati@hfind
solutions for the problem. The scenario titled last™s go to Picnic*had similar aims. The problem situation for
this time is to find out what kind of material shabue preferred to keep water cool for long. Stuslemere
guided to carry out experiments with different miate (glass, plastic, porcelain, wool, aluminung,.eto find

out which one of them is better for heat insulation

As indicated earlier the number of the previougligtsi is limited on the primary school level. Theul¢ of the
current study is consistent with these few studiesh as Yurd(2000) & Karaoz (2008) concluded that
problem based learning method called Know-Want-heaas effective in reducing 5th grade students’
misconceptions about the topics related to Light 8ound, and improving their attitudes toward soéeand
technology course. Karaoz (2008) study showed ith@lementing PBL in teaching of Force and Motion
teaching unit has a positive effect on 6th gradelesits’ science process skills, academic achieveaeth
attitudes toward science. Studies conducted oarathbject matters also indicated that PBL is é&ffecin
reducing misconceptions and increasing academiewssment (Loyens et al., 2015; Kamp et al., 2014).
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Conclusion
In this study, the effect of Problem-Based Learrongstudents’ misconceptions in Heat and Tempezatapics
in 5th grade science and technology class was @il he results obtained from the study showetdRB4& is
more effective in reducing the misconceptions whempared to traditional instruction. The reasontfis is
that the PBL facilitates critical thinking, and pmotes inquiry skills. According to Saban (2000),LPias three
basic principles:

1. Students encounter a real life problem

2. Problem is designed in a way that, by solvirgjutients reach the desired goals of the studj@d.to

3. Students are guided to think critically and emaged to conduct investigations.

According to Keser (2007), in order to learn thaaspts meaningfully: a)students’ pre-conceptiormukhbe
identified b) connection should be made with réfal évents c) experiments related to the contentishbe
conducted c) students should be helped to thiriically and synthesize information through the aésimple
problems. PBL contains all these elements therefaseeffective in learning the concepts meanitigfuResult
of the current study also suggests that PBL isesgfal at reducing misconceptions.

In summary, this study showed that PBL approacmdse effective than traditional approach overcoming
students’ misconceptions related to Heat and Teatper topics. Although the present study conduetid
students at a considerably younger age, the reamdtsimilar to that of conducted with studentaier grades.
This result suggests that PBL might be effectiveyloung students’ learning science as well as ostiedents.
Experimental group students learning the lessosdenarios, making connections with the real lifebegms,
conducting inquiry activities resulted in their agition of scientifically correct concepts. Usingnstructivist
theory based teaching methods instead of traditiorhods is critical for reducing students’ misceptions
and to prevent new misconceptions to occur.
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