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ABSTRACT Integration of science and mathematics as well as with other disciplines is overarching goal of
science education. In spite of its importance, teachers have concerns about mathematical
difficulties that their students encounter during their teaching. One of the most common
subjects that students have mathematical difficulties was reported as physics. With this regard,
the present study is aimed to investigate seventh grade students’ mathematical errors in a
physics related subject, specifically force and motion unit. We collected data from 129 seventh
grade middle school students which were chosen conveniently throughout an open-ended
questionnaire. The findings revealed that the students encountered difficulties in ratio and
proportion and conversion of units, topics as well as ordering numbers while answering the
questions in this unit. Implication for science courses was discussed.
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Yedinci Sinif Ogrencilerinin Kuvvet ve Hareket Unitesi’nde
Yasadiklar1 Matematiksel Zorluklar

0Z Fen-matematik disiplinlerinin entegrasyonu, fen egitiminin énemli amaglarindan biridir. Fen-
matematik entegrasyonun Onemi vurgulanmasina ragmen, fen bilimleri 6gretmenleri
derslerinde siklikla matematiksel zorluklarla karsilastiklarim belirtmektedir. Ogrencilerin
matematik temelli zorluklar yasadigi konulardan biri de fizik konularidir. Buradan yola
¢ikilarak bu aragtirmada, yedinci simif 6grencilerinin bir fizik konusu olan Kuvvet ve Hareket
Unitesinde yasadiklari matematik temelli sorunlarm belirlenmesi amaglanmustir. Veriler,
uygun orneklem yontemi ile se¢ilmis yedinci siif 6grencilerinden (N=129) agik uglu sorular
yardimiyla toplanmistir. Bulgular, bu iinitede dgrencilerin oran-oranti ve birim ¢evirme gibi
matematiksel zorluklar yasadigini ortaya koymustur. Bulgulara dayanilarak fen dersleri igin
¢esitli Oneriler getirilmistir.
Anahtar

Kelimeler Kuvvet ve hareket, matematiksel zorluklar, entegrasyon, fen, matematik
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GENISLETILMIS OZET

Fen ve matematik alanlarinin diger alanlarla iliskilendirilmesinin gerekliligi, bu tiir iliskilendirmelerin
Ogrencilerin kavram Ogrenmelerini gelistirdigi yoniinde arastirma sonuclari ile desteklenmistir
(Czerniak, 2007; Roehrig, Moore, Wang & Park, 2012; Wang, 2005). Calismalarimn ortak bulgusu olarak,
fen ve matematik entegrasyonunun o6grencilerin basarisini (Hurley, 2001; Kiray ve Kaptan, 2012),
motivasyon ve problem ¢dzme yeteneklerini etkiledigi (Offer ve Vasquez-Mireless, 1999; Venville ve
digerleri, 2004) rapor edilmistir. Cetin ve arkadaslar1 (2015) 6grencilerin fen ve matematik basarilar
arasinda giiclii bir iliski oldugu sonucuna varmislardir. Farkli alanlarin entegrasyonunun 6neminin
artmasi, bu alanda yapilan ¢alismalarin sayisini etkilemistir (Berlin ve White, 2005). Bu 6nem, ayrica
Ogretmenler tarafindan da siklikla dile getirilmistir (Akinci, Uzun, & Kisoglu, 2015; Baskan, Alev,
Karal, 2010; Frykholm & Glasson, 2005; Karaer, 2006; Kiray, Gok, Caliskan, & Kaptan, 2008; Koirala
& Bowman, 2003; Riordain, Johnston, & Walshe, 2015). Baskan ve arkadaglarinin (2010) yaptiklar
calismada, 0gretmenlerin fen ve matematik entegrasyonunun 6neminin farkinda olduklari ancak bu
entegrasyonu nasil gerceklestireceklerinin yeterince farkinda olmadiklar1 vurgulanmistir. Yine
Ogretmenler, fen kavramlarini Ogretirken matematiksel zorluklar yasadiklarmi dile getirmislerdir
(Akinc1 ve ark. 2015, Karaer, 2006, Venville ve ark. 2004). Calismalar ayrica, 6grencilerin de fen
kavramlarin1 6grenirken matematiksel zorluklar yasadiklarim vurgulamaktadir (e.g., Akatugha &
Wallece, 1999; Basson, 2002; Biitiiner ve Uzun, 2011; Corlu & Corlu, 2012; Howe, Nunes, Bryant,
2010a; 2010b; Roth ve Bowen, 1999). Hgili alan yazinda rapor edilen zorluklar; birim ¢evirme
(Kocaoglu ve Yenilmez, 2010), oran-orant1 (Dole ve Shield,2008), grafik okuma ve anlama (Capraro ve
ark. 2005; Demirci & Uyanik, 2009; Roth ve Bowen, 1999), dogru-ters orant1 (Akatugba & Walelce,
1999; Howe ve ark. 2010a, 2010b; Lamon, 2007) ve kesirli sayilardir (Lamon, 2007).

Matematigin fizik derslerindeki rolii pek ¢ok ¢alismada vurgulanmistir (Fumer ve Kumar, 2007; Li ve
ark. 2002; Orton ve Roper, 2000). Yer bilimleri, biyoloji ve kimya dersleri ile kiyaslandiginda
matematiksel ifadeler, fizik konularinin anlagilmasinda 6nemli rol oynamaktadir (Li ve ark. 2002).
Tiirkiye’de yapilan ¢aligmalarda, fizik kavramlarinin anlasilmasinda matematiksel iglemlerin 6nemi
(Aycan ve Yumusak, 2003) vurgulanirken, Sahin ve Yagbasan (2012) 6grencilerin fizik konularindaki
basarisizliginin nedeni olarak matematik konularindaki yetersizligi oldugunu ifade etmistir.
Ogrencilerin fizik konularinda yasadiklari matematiksel zorluklarin belirlenmesi, bu zorluklarn
giderilmesi acisindan 6nemlidir. Buradan yola ¢ikilarak bu arastirmada yedinci simif 6grencilerinin
kuvvet ve hareket tinitesinde yasadiklar1 matematiksel zorluklarin belirlenmesi amaglanmistir.
Aragtirma nitel arastirma yontemlerinden olan dokiiman analizi yontemi kullanilarak gerceklestirilmistir
(Yildirrm ve Simsek, 2008). Ogrencilerin yasadiklar1 matematiksel zorluklarin belirlenmesi amactyla
arastirmacilar tarafindan hazirlanan sorular kullamilmustir. Ogrencilerden elde edilen cevaplar
kullanilarak siklik tablolar1 olusturulmus ve her bir soru ayrica yorumlanmaistir. Arastirmaya 2012-2013
yilinda devlet okulunda 6grenim gérmekte olan ve uygun orneklem yontemiyle segilmis 129 yedinci
siif 6grencisi katilmigtir.

Aragtirmada kullanilan agik uglu sorularin olusturulmasinda var olan ¢aligmalardan (Biitliner & Uzun,
2011; Yazarlar, 2014) ve fen bilimleri miifredatindaki kuvvet ve hareket {initesindeki kazanimlar
yararlanilmigtir. Daha sonra fen ve matematik alaninda doktora yapan uzmanlar ve fen bilimleri
ogretmenleri tarafindan incelenen sorulara son hali verilerek uygulanmistir.

Aragtirmanin gegerliligi; meslektas teyidi, uzman incelemesi ve nitel sonuglarin nicellestirilmesi gibi
(Maxwell, 1998) yontemlerden yararlanilarak gerceklestirilmistir. Arastirmanin giivenilirligi ise
arasgtirmacilarin roliiniin, katilimer 6zelliklerinin, veri toplama yontemlerinin ve veri analizlerinin nasil
yapildiginin agiklanmasi (LeCompte ve Goetz, 1982) ile gergeklestirilmistir.

Arastirmanin bulgulan incelendiginde, 6grencilerin 6nemli bir kisminin (%74) sorulardan aldiklar
toplam puanin 50’nin altinda oldugu ve katilan 6grencilerin hig birinin sorulan sorularin tamamina dogru
olarak yanit veremedigi goriilmiistiir. Bu sonuclar, 6grencilerin sorulara cevap vermede zorluklar
yasadigii gostermistir. Her bir sorunun daha detayli olarak incelenmesi ile 6grencilerin yasadiklar
matematiksel zorluklar belirlenmeye calisiimistir. Ogrencilerin verdikleri cevaplar incelendiginde,
ogrencilerin 6nemli bir kisminin (%74) ¢izgi grafigini yorumlayabildikleri, ancak ¢izgi grafigini okuyup
dogru orant1 kullanarak cevap vermeleri gerekli oldugunda, bu oranin %27’ye diistliigli gorilmiistiir.
Ogrencilerin neredeyse tamamina yakinmin (%92) ise birim ¢evirmeyi yapamadiklar1 goriilmiistiir.
Incelenen diger sorularda ise ogrencilerin yartya yakminin (%50) dogru sekilde is formiiliinii
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uygulayamadiklari, %74’inlin ise potansiyel enerjilerine gore cisimleri siralamada zorlandiklari
goriilmiigtiir. Ayrica Ogrencilerin disli sorularina cevap verirken ters orantiy1r kullanmada zorluklar
yasadiklar1 (%62 ve %84) goriilmiistiir.

Ogrencilerin kuvvet ve hareket iinitesinde yasadiklar1 matematiksel zorluklar, ilgili alan yazinda
belirtilen matematiksel zorluklarla ortiismektedir (Aycan ve Yumusak, 2003; Kararkuyu, 2008; Oon ve
Subramaniam, 2011; Sahin ve Yagbasan, 201). Ogrencilerin ¢izgi grafiklerini yorumlamada yasadiklar
zorluklar (Capraro ve ark. 2005; Demirci ve Uyanik, 2009; Roth ve Bowen, 1999) tarafindan da rapor
edilmistir. Ayrica, Kocaoglu ve Yenilmez (2010) kuvvet ve hareket tinitesinde yasanan zorluklardan
birinin birim c¢evirme oldugunu belirtmistir. Bulgularimizdan biri olan &grencilerin formiilleri
uygulamasi ve dogru-ters orant1 kavramlarinda yasanan zorluklar, yine ilgili alan yazinda belirtilmistir
(Corlu ve Corlu, 2011; Karakuyu, 2008; Dole ve Shield, 2008; Howe ve ark. 2010a, 2010b; Lamon,
2007).

Sonug olarak; formiilleri uygulama, birim ¢evirme, grafik yorumlama, dogru-ters orant1 gibi konularda
Ogrencilerin yasadiklart matematiksel zorluklar, onlarin kuvvet ve hareket initesindeki diislik
basarisinin nedeni olabilir. Bu ¢aligma, neden-sonug iliskisine dayali bir galisma olmadigindan,
Ogrencilerin kuvvet ve hareket {initesinde gosterdikleri diisiik basarinin nedeninin matematiksel
zorluklardan kaynaklandigimi soyleyemeyiz. Fakat 6grencilerin matematiksel kavramlari anlamadaki
yetersizliklerinin onlarin fen kavramlarini anlamalarini etkiledigini sdyleyebiliriz. Fen ve matematik
konularimi anlama ve bagar1 arasindaki iliskilerin daha yakindan incelenmesi i¢in deneysel ¢aligmalara
ve ogrencilerin fen ve matematik derslerindeki basarilar1 arasindaki iligskinin daha derinlemesine
incelenmesi i¢in gozlem ve goériismeler igeren nitel galigmalara ihtiyag vardir.
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INTRODUCTION

The Principles and Standards for School Mathematics (National Council of Teachers of Mathematics
[NCTM], 2000), the National Science Education Standards (National Research Council [NRC], 1996)
and Next Generation Science Standards (NGSS Lead States, 2013) emphasized the connection between
science and mathematics. This connection has also been highlighted in numerous studies (e.g. Basista
& Mathews, 2002; Basson, 2002; Cetin, Corlu, Capraro, & Capraro, 2015; Frykholm & Glasson, 2005;
Park-Rogers, Volkmann, Abell, 2007). Berlin and Lee (2005) reported that there had been an increase
in the number of studies that focus on integration of science and mathematics in teaching and learning
activities in their historical analysis during one hundred years (1901-2001). They, also, reported that
there is an increasing emphasis on integrating science and mathematics education, particularly in teacher
education programs.

Integration of disciplines such as science, mathematics and technology in teaching has long been aimed
to deepen students’ understanding by conceptualizing as well as broaden students’ understanding
(Czerniak, 2007; Roehrig, Moore, Wang & Park, 2012; Wang, 2005). As a common finding, studies
indicated that integration of science and mathematics enhance students’ achievement (e.g., Hurley,
2001; Kiray & Kaptan, 2012; Wang, 2005) as well as students’ motivation and problem solving skills
(Offer & Vasquez-Mireless, 1999) and helps students to make abstract concepts more concrete by using
multiple representations (e.g. pictures, tables and graphs). Thus, they can develop deeper conceptual
understanding in both disciplines (Park-Rogers et al., 2007). Integration of two disciplines can also
enhance students’ engagement in scientific tasks and problem solving skills (Venville, Rennie, &
Wallace, 2004).

The importance of integration of science and mathematics has been also expressed by teachers as well
as by pre-service teachers (Akinci, Uzun, & Kisoglu, 2015; Baskan, Alev, Karal, 2010; Frykholm &
Glasson, 2005; Karaer, 2006; Kiray, Gok, Caliskan, & Kaptan, 2008; Koirala & Bowman, 2003;
Riordain, Johnston, & Walshe, 2015). For instance, both science and mathematics teachers indicated
that mathematics and science curricula have common principles and concepts. Furthermore,
mathematics teachers stated that science should be related with mathematics for meaningful learning
(Kiray et al. 2008). In another study, both physics and mathematics teachers appreciated the integration
of science and mathematics but they were unable to explain how to connect these two disciplines
(Baskan et al. 2010). On the other hand, they indicated the existence of problematic issues related to
mathematics in their teaching (Akinci et al. 2015; Karaer, 2006; Venville et al., 2004).

Studies reported that students also struggle with mathematical difficulties (e.g., Basson, 2002; Biitiiner
& Uzun, 2011; Howe, Nunes, Bryant, 2010a; 2010b; Roth & Bowen, 1999). The reported difficulties
were converting units (Kocaoglu & Yenilmez, 2010), ratio and proportion (Dole & Shield, 2008),
understanding and interpreting the graphs (Capraro, Kulm, & Capraro, 2005; Demirci & Uyanik, 2009;
Roth & Bowen, 1999), proportional concepts (Akatugba & Wallece, 1999; Howe et al. 2010a, 2010b;
Lamon, 2007), computational fluency (Corlu, Capraro, & Corlu, 2011; Geary et al. 1999) and intensive
quantities which combine direct and inverse proportion (Howe et al. 2010a, 2010b; Lamon, 2007) and
fractions (Lamon, 2007).

The role of mathematics in science domains especially in physical science has been emphasized by
Furner and Kumar (2007). The dependency of physics on mathematics was also referred in TIMMS data
(Li, Shavelson, Kupermintz, & Ruiz-Primo, 2002). Algebra and data representation were reported as
important predictors of physics domain when compared to other science domains including biology,
earth science and chemistry (Li et al. 2002). Akatugba and Wallece (1999) indicated that physics
concepts such as force, acceleration and pressure require a better understanding in mathematics
including proportional reasoning.

On the other hand, students’ mathematical difficulties in physics concepts have been well documented.
For instance, Basson (2002) reported students’ difficulties in mathematics were transferred to physics
concepts such as force, velocity and acceleration. Some of the mathematical difficulties in physics unit
(force and motion unit) were determined as drawing and interpreting graphs, ratio and proportion, and
unit conversion problems (Biitiiner & Uzun, 2011). Also intensive quantities such as density (directly
proportional to mass, inversely proportional to volume) or speed (directly proportional to distance,
inversely proportional to time) were reported as concepts that students had conceptual difficulties (Howe
et al. 2010a, 2010b). In an earlier study, investigating students’ difficulties in physics, Aycan and
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Yumusak (2003) reported that students’ difficulties in physics were caused by the abstract nature of
subject and the inclusion of mathematical computational skills. The role of mathematical formulas and
computations in physics were also reported as a barrier in understanding physics by Karakuyu (2008).
Exploring senior secondary school physics students’ use of proportional reasoning while solving physics
tasks, Akatugba and Wallece (1996) reported that students’ lack of awareness about proportional
reasoning and the inconsistency between the concept of proportional reasoning and their everyday life
experiences hindered their use of proportional reasoning while solving physics tasks. In a similar
manner, Corlu and Corlu (2012) reported that candidate physics teachers had difficulties in applying
formulas into physics problems. Investigating college students’ difficulties in understanding physics,
Sahin and Yagbasan (2012) reported that students’ lack of understanding in physics concepts were
related with their incompetence in mathematics. The abstract nature of physics was also emphasized by
Oon and Subramaniam (2011). The authors emphasized that the competency in mathematics was
associated with better understanding in physics concepts. Oktay Ciminli-Siiliin and Sanalan (2014) also
highlighted the role of mathematics in force and motion unit in their study. Specifically, they
investigated science teachers’ mathematics teaching skills while teaching velocity concept in sixth
grade. They reported that the teachers perceived their skills in using mathematics while teaching velocity
as sufficient. While science teachers perceived themselves as sufficient in using mathematics while
teaching physics contexts such as velocity, other studies in both national and international contexts (e.g.,
Oon & Subramaniam, 2011; Sahin & Yagbasan, 2012) reported that students’ difficulties in physics
concepts are related with their lack of competence in mathematics.

Students’ reported difficulties can be handled by integrating science and mathematics as Westbrook
(1998) reported. This integration will also enhance students’ concept learning in physics. Czerniak,
Weber, Sandman, and Ahern (1999) emphasized the importance of research in understanding the actual
benefits of integration. On the other hand, students’ inadequacy with respect to skills and knowledge in
mathematics has a negative effect on their understanding of physic concepts as Basson (2002) indicated.
Since physics is a mathematically based subject as Orton and Roper (2000) stated, it is important to
determine students’ specific mathematical difficulties in this subject. In this regard, this study can help
to reveal students’ mathematical errors in interpreting graphs, ratio and proportion, unit conversion, and
applying formulas in force and motion unit. For this purpose, we aimed to investigate seventh grade
students’ mathematical difficulties while dealing with the questions in force and motion unit.

METHOD

This study was designed by using qualitative methods, namely document analysis. Document analysis
is a useful method to investigate intended phenomena or research questions by analyzing any kind of
written documents such as textbooks, public records, curriculum directives, diaries, letters, exam paper
(Merriam, 2009; Yildirim & Simsek, 2008). Using documents in a study can be better source of data
when compared to interviews or observations because of providing participant-generated data on a
specific subject (Merriam, 2009). However, using documents in a study could have limitations as well
as strengths (Merriam, 2009). For instance, the documents that are not generated for research purposes
could not be useful or understandable to the investigator (p.154). Thus, we preferred to use a researcher-
generated document. We generated a questionnaire in line with our research question and examined
participants’ answers in these specifically generated questions. The documents generated by researchers
also can be as a potential source for the purpose of investigation (Merriam, 2009). The document used
in this study is researcher-generated documents as Merriam (2009) identified. We adopted this approach
in order to determine students’ mathematical errors in force and motion unit. Thus, we generated a
questionnaire and sought information about students’ common mathematical errors in force and motion
unit by analyzing students’ written answers about given questions.

Data collection and analysis is a primary concern of a qualitative study as LeCompte and Goetz (1982)
indicated. Replicability of a study is not possible without precise identification and a good description
of the strategies to collect data (Le Compte & Goetz, 1982). Thus, we conducted a literature review
including previous conducted studies and objectives of science curriculum regarding force and motion
unit and examined teachers’ questions in this unit in a previous study (Cebesoy & Yeniterzi, 2014).
Therefore, we were aware of the teachers’ possible types of questions in this unit. We used researcher-
generated questions to gather much detailed and rich information from students’ answers.
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After data collection procedure, we quantized our findings. Quantizing of qualitative data is a common
interpretation technique known as counting method for determining and comparing the frequencies of
codes and categorizes (Miles & Huberman, 1994). In order to examine students’ mathematical errors,
we constructed frequency tables regarding students’ answers and interpreted each question.

Participants

A total of 129 seventh grade students in a public middle school voluntarily participated in the study.
Because of financial and time constraints, the school was chosen conveniently. Data was collected
throughout 2012-2013 spring semester.

Instruments

To examine the research question of the present study, an open-ended questionnaire which consisted of
eight items regarding the objectives of force and motion unit was developed. These questions required
mathematical knowledge to be solved. The questions were determined based on a) the science teachers’
previous exam questions which were previously determined by Cebesoy & Yeniterzi (2014) and b) the
reported mathematical difficulties in previous studies (e.g., Butuner & Uzun, 2011). In addition, the
objectives of science curricula was taken into consideration during this process. After taking expert
opinions from science and mathematics specialists and science teacher, the revised questionnaire was
administrated to all students. The number of questions and the mathematical difficulties was presented
in Table 1.

Table 1. Number of Questions with Respect to the Mathematical Difficulties

Related mathematical difficulty Question numbers
Reading graph 1,3

Direct proportion 2

Inverse proportion 7,8

Ratio 2,3

Unit conversion 3,4

Using formulas 4,5,6
Ordering 56

Validity

Validity in a qualitative research can be defined as “the correctness or credibility of a description,
conclusion, explanation, interpretation or other sort of account” (Maxwell, 1996, p. 87). Some
procedures such as searching for discrepant events, triangulation, feedback, member-check, rich data,
guasi-statistics and comparisons were suggested to increase the credibility of a qualitative research by
Maxwell (1998). As it was not possible to ensure all the suggested procedures, in this study, we tried to
ensure the validity of study by adopting member-check, feedback and quasi-statistics procedures.
Member-check: Member check is a systematical way to get feedback about your conclusions from
participants with, which is an important way to prevent misinterpretation of the meanings (Maxwell,
1998). To ensure this, the data gathered was coded by each researcher independently and then the coded
data was compared to the other researcher’s’ coding in order to avoid misinterpretations between coders.
Feedback: Seeking feedbacks from a variety of people who are familiar to the setting or context that you
are studying with could be a useful strategy to prevent researcher biases. Thus, we got feedback from a
science and a mathematics experts who were PhD candidates and were specialized about both science
and mathematics curricula and a science teacher about the content of the questionnaire.
Quasi-statistics: The results of qualitative studies could be presented with quantitative components
which help researchers to “asses the amount of evidence in your data that bears on a particular
conclusion” (Maxwell, 1998; p.95). For instance, tables and graphs and distribution of the observational
and interview data could be used to support the conclusions (Maxwell, 1998). Based on this, we also
used tables while interpreting the questions in the questionnaire.

Reliability

LeCompte and Goetz (1982) defined reliability as “the extent which studies can be replicated” (p.35).
Establishing reliability for a qualitative study could create a problem because of nature of data and
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research process (LeCompte & Goetz, 1982). The external and internal reliability of the study were
ensured as explained below:

The external reliability in qualitative studies can be ensured by handling researcher status position,
informant choices, social situations and conditions, analytic constructs and premises and methods of
data collection and analysis (LeCompte & Goetz, 1982). We tried to ensure some of the premises to
increase the external reliability of our study as explained below:

Researcher status position: It is important to explain the researchers’ role and positions in a qualitative
study to ensure external reliability (LeCompte & Goetz, 1982). We informed the teachers who
voluntarily wanted to take part in the study about the aim of the study. We preferred to be not at the
class in order to prevent students’ possible reactions to new people. The teachers applied the
questionnaire to their students during their course.

Informant choices: Another important point in qualitative studies is to identify the informant who
provides data (LeCompte & Goetz, 1982). We chose a school among a group of schools which had
similar socioeconomic status (SES) based on our time and access constraints as well as voluntary
participation of teachers for the study. We chose a school which had middle to low SES students.

FINDINGS

In the first part of this section, the findings regarding students’ total test scores were presented. In the
second part, students’ correct, incorrect, and partial answers in each question were presented with
frequency tables. The common mathematical errors found in force and motion unit were discussed.
Investigation of seventh grade students’ total test scores in force and motion unit; In this part, students’
total test scores in force and motion unit were presented. Students’ correct answers were scored as 10
points, while students’ incorrect answers were scored as 0 points. When students’ total scores were
computed, a student who correctly answered all eight questions could be given a maximum of 80 points
(10 points for each). To make clear interpretations, scores were converted from out of 80 points to out
of 100 points. Then the test scores were grouped and the total number of students in each test score
group was determined. The students’ total scores in each group were presented in Table 2.

Table 2. Students’ Total Scores in Force and Motion Unit
Scores (Grouped) Total number of Participants Percentage (%) Cumulative percentage (%)

91-100 0 0 100
81-90 1 0.78 100
71-80 8 6.20 99.22
61-70 10 7.75 93.02
51-60 14 10.85 85.27
41-50 13 10.08 74.42
31-40 9 6.98 64.34
21-30 11 8.53 57.36
11-20 43 33.33 48.83
0-10 20 15.50 15.50

As indicated in Table 1, majority of students’ total scores were found to be 50 and under 50 (74.4%). In
other words, only a quarter of the students scored over 50 points. That means majority of students did
not answer half of the questions correctly. More interestingly, none of the students could correctly
answer all the questions in the test. Only one student was able to obtain a score between 81 and 90
points. Besides, 15.5% of the students answered only one question or none of the questions correctly.
Furthermore, more than a quarter of the students received a score of 20 or less points. Overall, these
findings yielded that students had difficulties in answering the questions in force and motion unit. As
these questions required some mathematical knowledge in their solution, we concluded that students
encountered mathematical difficulties during solution of questions in the questionnaire. Thus, we further
analyzed students’ answers with respect to mathematical errors.
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To categorize students’ mathematical difficulties in force and motion unit, each question was further
examined in detail and difficulty categories were revealed according to the structure of the questions.
Students’ mathematical difficulties in force and motion unit; In this part, students’ mathematical
difficulties with respect to each question were examined and findings were represented by using
frequencies and tables.

Students’ mathematical difficulties in Question 1: The relationship between length and mass of a spring
was asked for the purpose of investigating students basic graph reading skills specifically reading line
graphs in the first question (see Appendix for this question given as a sample). The number of students
who incorrectly answered the question and the percentage of incorrect responses was presented in Table
3.

Table 3. The Number of Students’ Incorrect Answers in Question 1
Related mathematical difficulty
Reading graph
Number of students with incorrect answer 34
Percentage (%) 26

As seen from Table 3, more than a quarter (26%) had difficulty in reading and interpreting the given
line graph. That means 74% of the students were able to interpret the line graph in given question and
correctly answered the question.

Students’ mathematical difficulties in Question 2: The second question investigated whether students
could correctly use ratio and proportion (specifically direct proportion) after reading line graph of a
spring as a follow up for the first question. The number of students who incorrectly answered the
question and the percentage of incorrect response were presented in Table 4.

Table 4. The Number of Students’ Incorrect Answers in Question 2
Related mathematical difficulty
Reading graph  Direct proportion
Number of students with incorrect answer 94 94
Percentage (%) 73 73

As seen from the table 4, when the question got complicated and consisted of several parts (reading line
graph and using direct proportion in this case) unlike the first question (just required reading and
interpreting line graph), majority of students had more difficulties in the question (73%). As the question
got complicated, the number of students’ incorrect answers was increased. The students, who could not
correctly read line graph, were not able to solve second question and its parts.

Students’ mathematical difficulties in Question 3: Third question included three parts as a combination
of rate-ratio, unit conversion and reading line graphs as a follow up for first and second question. As the
question got complicated, the number of students who incorrectly answered the question was increased.
Close examination revealed that 95 students could not answer any part of the question (regarding reading
line graphs, rate-ratio and unit conversion). Additionally, while 23 students answered this question
regarding rate-ratio step and reading line graph steps, they could not considered the unit conversion part
(centimeter to meter conversion). Only nine students out of 129 students correctly handled all the parts
of questions and reached the correct answer. It can be concluded that the most difficult part of question
that students encountered was the unit conversion part. 118 out of 129 students (91.5%) could not
convert the units. Even unit conversion was learned as an objective of fourth grade mathematics
curriculum, great majority of seventh grade students had difficulty in converting units. This may be
caused because of the students’ being unaware of the unit that was asked in the question or not correctly
doing first steps of the question.

Overall, when the first three questions interpreted together, we concluded that as the question got
complicated and included more than one step in its solution, the number of students that were able to
correctly answer the question slightly decreased.

Students’ mathematical difficulties in Question 4: Fourth question consisted of two parts as applying the
work formula and converting unit from km to meters. The number of students who incorrectly answered
the question and the percentage of incorrect response were presented in Table 5.
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Table 5. The Number of Students’ Incorrect Answers in Question 5
Related mathematical difficulty
Unit conversion  Using formula
Number of students with incorrect answer 129 65

Percentage (%) 100 50

In this question, nearly half the students could not apply work formula. In addition, all the students could
not convert units. This finding is consistent with the findings of third question indicating students’
difficulties in converting units were common regardless of question type. Even unit conversion was
learned and as an objective of fourth grade mathematic curriculum, great majority of seventh grade
students had great difficulty in unit conversion in related questions. Only small number of students could
correctly convert units (for instance, from km to meters).

Students’ mathematical difficulties in Question 5: In fifth question, students were asked to order three
different objects which have different masses and different heights after computing their potential
energies. The number of students who incorrectly answered the question and the percentage of incorrect
response were presented in Table 6.

Table 6. The Number of Students’ Incorrect Answers in Question 5
Related mathematical difficulty
Using Formula Ordering
Number of students with incorrect answer 98 96
Percentage (%) 76 74

Majority of students were unable to apply formula to compute the potential energies of objects (76%)
(See Table 6). A similar percentage (74%) was also unable to correctly order the given objects. Less
than a quarter (16%) could correctly apply potential energy formula and order.

Students’ mathematical difficulties in Question 6: In sixth question, students were asked to order three
different vehicles which have different masses and different velocities after computing their kinetic
energies. A great majority of students were unable to apply formula to compute the Kinetic energies of
objects (94%) (See Table 7). Relatively fewer students were (78%) also unable to correctly order the
kinetic energies of given vehicles. 6 students out of 129 total participants correctly answered both part
of question (using formula and ordering).

Table 7. The Number of Students’ Incorrect Answers in Question 6
Related mathematical difficulty
Using Formula Ordering
Number of students with incorrect answer 121 100
Percentage (%) 94 78

When the questions that required ordering after application of formulas in related questions (Question 5
and 6) were interpreted together, it was evident that even most students knew the formulas, whereas
they had difficulties in applying them and then in ordering based on their findings. This difficulty in
ordering and applying formulas in force and motion unit were not seen in previous studies (e.g., Butuner
and Uzun, 2011).

Students’ mathematical difficulties in Question 7 and Question 8: In seventh question, three gears which
are connected were presented. Students were asked to use inverse proportion to calculate the number of
turn of a gear by using another gear’s number of turns and teeth. More than half of the participants
(62%) could not correctly answer the questions (see Table 8). On the other hand, 49 students could
correctly use inverse proportion.

Table 8. The Number of Students’ Incorrect Answers in Question 7
Related mathematical difficulty
Inverse proportion
Number of students with incorrect answer 80
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Percentage (%) 62

As a follow up for the seventh question, the last question investigated whether students could correctly
use inverse proportion when calculating the first gears’ number of turns by using third gears’ number of
turns. The number of students who incorrectly answered the question and the percentage of incorrect
response were presented in Table 9.

Table 9. The Number of Students’ Incorrect Answers in Question 8
Related mathematical difficulty
Inverse proportion
Number of students with incorrect answer 108
Percentage (%) 84

Findings indicated that a great majority of students (84%) could not correctly answer the question. In
contrast, only a small number of students correctly used inverse proportion. Based on the findings of
these questions (Question 7 and 8), we came up a conclusion that students had difficulties in regarding
ratio and proportion concept (direct and inverse proportion). Although students learned ratio and
proportion in previous years (ratio and proportion concept is an objective in 6th grade mathematics
curricula) and use ratio and proportion concept in other science subjects, there were unable to use direct
and inverse proportion.

DISCUSSION

We found that seventh grade students had difficulties in force and motion unit. The studies in the
literature that examined students’ difficulties in physics concepts (e.g., Akatugba & Wallece, 1999;
Aycan & Yumusak, 2003; Corlu & Corlu, 2012; Kararkuyu, 2008; Oon & Subramaniam, 2011; Sahin
& Yagbasan, 2012) concluded that student’ lack of understanding in mathematics concepts caused these
difficulties. We also, came up a similar conclusion as students showed mathematical difficulties in their
answers in force and motion unit. The close examination revealed that while most of the students were
able to interpret line graphs, this number decreased as the question got complicated and included several
steps in its solution. Most of the students were unable to answer the question that includes both
interpretation of line graph and using direct proportion. The difficulties in interpreting the graphs
(Capraro et al. 2005; Demirci & Uyanik, 2009; Roth & Bowen, 1999) as well as proportional concepts
(Akatugba & Wallece, 1998; Howe et al. 2010a, 2010b; Lamon, 2007) was also reported in the studies
that investigated students’ difficulties in physics. The reason of students’ difficulties in proportional
concepts was explained as students’ being unaware of use of proportional concepts including ratios and
proportions in solving physics tasks (Akatugba & Wallace, 1999). In addition, we found that students
had difficulties in applying formulas. This finding was in line with the literature that reported students
had difficulties in applying formulas into physics problems (Corlu & Corlu, 2012; Karakuyu, 2008).
Even science context is appropriate for developing and fostering computational fluency (Corlu et al.
2011), the students in our study showed very low achievement in the questions which included both
mathematical computation skills and mathematical interpretation.

We found that unit conversion was the most problematic point for students. This finding was in line
with Butuner and Uzun’s (2011) study that reported science teachers’ experienced difficulties in
teaching concepts in force and motion unit. In their study, science teachers indicated that drawing and
interpreting graphs, ratio and proportion, and unit conversion were reported mathematical difficulties in
force and motion unit (Butuner & Uzun, 2011). Similarly, Kocaoglu and Yenilmez (2010) reported
students’ difficulties in converting units. Specifically, we found that students had severe difficulties in
unit conversion. Only very few students were able to convert the units (for instance, from km to meters).
This was an interesting result because unit conversion had been taught at primary grades. Even unit
conversion was learned and as an objective of fourth grade mathematic curriculum, great majority of
seventh grade students had great difficulty in unit conversion in related questions.

In addition to these findings, we revealed other mathematical difficulties including applying the formula,
ordering, ratio and proportion in force and motion unit. While students’ difficulties in using
mathematical formulas (Corlu & Corlu, 2012, Karakuyu, 2008) and ratio and proportion including direct
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and inverse proportion (Akatugba & Wallece, 1999; Dole & Shield, 2008; Howe et al. 2010a, 2010b ;
Lamon, 2007) were reported in literature, ordering and applying formulas in force and motion unit were
not widely investigated in previous studies (e.g., Butuner and Uzun, 2011). While ratio and proportion
was taught at seventh grade mathematics classes, direct and inverse proportion were subject of seventh
grade mathematics curriculum. Besides having difficulties in ratio and proportion which was taught in
previous years, seventh grade students had confusions in direct and inverse proportion topics which they
had just learned. Even though these concepts were given in sixth and seventh grades, we found that
seventh grade students still had difficulties in these concepts.

As a conclusion, we can conclude that students’ experienced difficulties in mathematics such as applying
formulas, converting units or understanding and interpreting graphs may explain their low achievement
in science. As this study was qualitative in nature, we did not aim to generalize our findings to all seventh
grade students. Also, as this study was not a causal-comparative study that explores the students’ low
achievement in science whether caused by mathematics or not, we could not say that students’
difficulties in science specifically force and motion unit was caused by their low competence in
mathematics. But we can conclude that their incompetence in mathematical concepts such as ratio and
proportion, unit conversion, basic mathematical computational skills may influence their understanding
in science concepts. As Cetin and his colleagues (2015) found strong relationship between students’
mathematics and science achievement, it is needed to explore this relationship by using multiple
methods. To further analyze the relationship between competence in mathematics and understanding in
science, it is needed to conduct experimental studies including implementations as well as more
qualitative studies including semi-structured interviews and classroom observations.

Implications

As previous studies reported that integration of science and mathematics enhance students’ achievement
(e.g., Hurley, 2001; Kiray & Kaptan, 2012; Wang, 2005), students’ motivation and problem solving
ability (Offer & Vasquez-Mireless, 1999) and helps students to make abstract concepts more concrete,
integrated curricula for science and mathematics might be useful for developing students’ understanding
in both disciplines as well as increase their achievement. While developing integrated curricula for
science and mathematics, the role of content knowledge, pedagogical content knowledge (Frykholm &
Glassom, 2005) and integrated teaching knowledge (Corlu, Capraro, & Capraro, 2014; Corlu, Capraro,
& Corlu, 2015) should be taken into consideration.

In order to increase students’ motivation and academic achievement in both disciplines, an integrated
teacher education program that consider the importance of integration of both disciplines is needed.
Berlin and White (2012) indicated although there was integrated science and mathematics methods
course approach, there is relatively few teacher preparation or enhancement programs for elementary
and middle school levels. So, both development and implementation of these preparation and
enhancement programs is strongly needed. In Berlin and White’s (2012) 7-year mathematics-science
and technology program for pre-service teachers, they reported regardless of the certification area,
teachers showed positive attitudes and perceptions related to the value of the integration of mathematics,
science, and technology education over all seven years of the program. Thus, adopting this kind of
programs in pre-service teacher education programs may be helpful in developing pre-service teachers’
appreciation of integration of mathematics and science as well as other disciplines. Also, both pre-
service and in-service teachers that appreciate the role of collaboration and teamwork with their
colleagues in numerous studies have been reported (Berlin & White, 2012; Frykholm & Glasson, 2005;
Riordain et al. 2015). As Berlin and White (2012) proposed, this kind of program might be helpful in
increasing the implementation of interdisciplinary teaching and learning activities. Riordain et al. (2015)
reported that teachers have positive views about the benefits of integration with respect to students’
learning and motivation in their study. This positive view of teachers may be helpful in designing and
implementing integrated science and mathematics lessons.

As Berlin and White (2012) reported in their historical analysis of integration for one hundred years,
there is a need for empirical based research about integration of science and mathematics. Thus, another
important implication may be increasing the number of empirical based research about the integration
of science and mathematics. The different forms of integration proposed by Hurley (2001), sequential
(science and mathematics are planned sequentially), parallel (science and mathematics are planned and
taught at the same time), partial (the two disciplines are partially taught together and partially taught
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separately), enhanced (while on of the disciplines is the major discipline of instruction, the other is used
throughout the instruction) and total (two disciplines are taught evenly) forms can be employed in these
kind of empirical research studies. A meta-analysis of 31 studies by Hurley (2001) revealed that science
achievement is more apparent in either enhanced (mathematics used to enhance science) or total
(mathematics and science totally integrated) integration models. Thus, enhanced and total integration
models can be used in these empirical research studies.
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APPENDIX

Sample Questions Types
Question 1.
The graphing representing of the relationship between the length and mass of a spring was given below.

Agirhik (N)
A

404----1---
1
304---4---

———dm =l

204 ---f-- -

10+

» Uzama (cm)

Based on the graph given above, find the elongation which is caused by 30 N.
Related Area: Reading Line Graphs

Question 3 (A Follow up question for students by using same graphs)

Basia_ddon the graph given above, find the difference in the elongation of spring in meter when 60N is
applied.

Related Area: Rate-Ratio, Unit Conversion and Reading Line Graphs
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