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Stoichiometry problems are one of the best examples of problem solving in chemistry
education. Proportional reasoning supports correct answers in stoichiometry
problems. It is needed to examine how these problems are solved as well as the
accuracy of solutions because of the importance and benefits of conceptual problem
solving. This study utilizes the embedded multiple case study design. The
stoichiometry problem solutions of 37 pre-service science teachers (PSTs) were
examined based on three units of analysis; (i) whether pre-service teachers balanced
the equations correctly or not, (ii) the accuracy of solutions, and (iii) strategies used to
solve problems. More than half of the PSTs balanced the equations correctly but most
of them did not interpret the integers in the equations appropriately. Participants
were inclined to use algorithmic approach more than proportional reasoning. The
accuracy of solutions and the frequency of algorithmic approach increased while the
complexity of problems decreased. PSTs had difficulties in making sense of integers of
chemical reactions, using intensive units such as density, and converting units. It is
thought that PSTs prefer to use strategies that they learnt in their prior learning
experiences. Within the context of findings, we suggest that PSTs should be supported
conceptually about the meanings of integers and should be introduced using
proportional reasoning in problem solving prior to algorithms.
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Stokiyometri problemleri, orantisal
akil yiiriitme, fen bilimleri
6gretmen adaylari.

Orantisal akil yGritmenin dogru sonuca ulasmayi sagladigi stokiyometri problemleri
kimya egitiminde problem ¢6zmenin en iyi 6rneklerinden biridir. Kavramsal problem
¢ozmenin 6nemi ve faydalari g6z 6nlne alinarak, stokiyometri problemlerine iliskin
¢O6ziimlerin dogrulugunun yani sira nasil bir yaklasimla ¢ozuldGglinin de incelenmesi
gerekmektedir. Bu amagla arastirmada nitel arastirma yontemlerinden bitincul goklu
durum kullanilmistir. Galismada, 37 fen bilgisi 6gretmen adayinin stokiyometri
problemlerine iligkin ¢éziimleri (i) tepkimeleri dogru denklestirilip denklestirilmedigi,
(i) goztimlerin dogrulugu ve (iii) problem ¢éztimiinde kullanilan stratejiler olmak lizere
lic adimda incelenmistir. Ogretmen adaylarinin yarisindan fazlasinin tepkimeleri dogru
denklestirdigi ancak denklestirilmis tepkimelerdeki katsayilari dogru yorumlayamadigi
gorilmistir.  Ogretmen adaylari  algoritmik yaklasimi  orantisal muhakeme
stratejilerinden daha fazla kullanmayi tercih etmistir. Sorularin karmasiklik dizeyi
arttikca 6gretmen adaylarinin problemleri dogru ¢ézme ve algoritmik yaklasimi
kullanma oranlari azalmistir. Ogretmen adaylarinin stokiyometri problemlerini
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¢ozerken tepkimelerdeki katsayilarin  belirttigi molar orani  tam olarak
anlamlandiramadig, tepkimeye giren maddelerden biri yogunluk gibi intensif bir birim
cinsinden verildiginde ¢dziime ulasamadiklari ve birimleri dogru donistiremedikleri
gdzlemlenmistir. Ogretmen adaylar stokiyometri problemlerini daha ®6nceki
derslerinde nasil ¢ézmeyi 6grenmis iseler yine ayni sekilde ¢ozmeyi tercih ettikleri
distnilmektedir. Bulgular gergevesinde, kimyasal tepkime problemlerinden 6nce
katsayillarin ne anlama geldigi ile ilgili kavramsal destegin saglanmasi, problem
¢Ozimiine orantisal akil yuritme stratejileri ile baslanarak bu destegin islemsel siireg
ile pekistirilmesi 6nerilmistir.

Introduction

Mathematics required for science concepts may be vital in acquiring the necessary reasoning skills in
order to understand scientific concepts, principles, and processes. Making sense of developments in
science and technology can be difficult without mathematical competencies (Adigwe, 2013).
Mathematical concepts such as number sense, proportional reasoning, measurement, and algebraic
reasoning (National Research Council [NRC], 2000) have applications in many areas of science like
chemistry (Gulacar, 2007). Therefore, identifying and developing mathematical concepts and thinking
styles that underlie in scientific topics can support students’ conceptual understanding about science.

Chemistry topics require knowledge, thinking, and skills related to mathematics. The three levels of
thought to understand chemistry concepts conceptually are as follows: (i) the macroscopic (large-scale)
and tangible level that is related to observable changes, (ii) the microscopic level that is related to
particles (e.g. molecules, atoms, and electrons), and (iii) the symbolic level that is related to chemical
changes using symbols, equations, measurement, and graphs (Johnstone, 2000). The symbolic level also
includes mathematical reasoning. The concepts commonly used in chemical reactions are relative
atomic mass, relative molecular mass, the percentage of an element in a component, and the
percentage of purity of a substance. These concepts are often defined by ratio, proportion or
percentage, and are expressed by decimal or fractional expressions.

There exists research related to the significant relationship between students’ proportional
reasoning and problem solving in literature (Akatugba & Wallace, 1999; Dawkins, 2000; Lesh, Post, &
Northern, 1988; Tingle & Good, 1990). However, many researches emphasize the insufficient
proportional reasoning of university students (Ward & Herron, 1980; Wheeler & Kass, 1977).
Researchers mostly agree on the importance of proportional reasoning in chemistry education (Aydin,
2011; Heller, Ahlgren, Post, Behr & Lesh, 1989; Hwang, 1994) but yet it is still needed further research
that examines how proportional reasoning occurs in solving problems of chemical reactions (Ramful &
Narod, 2014). Considering the mentioned need in the literature, the authors examine how well pre-
service science teachers solve chemical reaction problems and whether they use proportional reasoning
in solving problems.

Chemical reactions and Stoichiometry

Stoichiometry is one of the most fundamental and abstract topics in chemistry (Boulaoude &
Barakat, 2003) and it involves determining quantitative relationships between chemical reactants and
evaluating the results of these relationships (Adigwe, 2013; Daley & Malley, 1988; Ramful & Narod,
2014). Stoichiometry problems usually involve two reactants and two products and can be typically
expresses as follows;

where R; and R, are reactant and P;and P, are products. k4, k,, k3 and k, are integer constants
that are used to balance chemical equations.
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Solving chemical reaction problems is a critical component of science and chemistry education
(Shadreck & Enunuwe, 2018). Stoichiometry exists at the core of problem solving in chemistry education
(Gulacar, Overton, Bowman, & Fynewever, 2013). However, stoichiometry is one of the most
challenging topics in chemistry (Kimberlin & Yezierski, 2016) because it requires conceptual
understanding related to the concept of mole, balancing equations, and algebraic skills (Wagner, 2001).
Problem solving depend on concepts and the rules related to these concepts, and one can only reach
the desired achievement in problem solving with the help of meaningful learning between these
concepts and relationships between these concepts (Huddle & Pillay, 1996). It is needed an
understanding of concepts included in chemical reactions and the connections between these concepts
to solve stoichiometry problems successfully.

Problem solving is a meaningful and conceptual process rather than being algorithmic (BouJaoude &
Barakat, 2003). Algorithmic problem solving includes using existing processes (Shuell, 1990). Students
who can solve stoichiometry problems algorithmically may not have the required conceptual
understanding (Nurrenbern & Pickering, 1987). Students can tend to use algorithmic procedures
because they may not have the required knowledge related to underlying chemical concepts in the
problems. They may memorize a rule or formula and plug in numbers to have the correct answer (Gabel
& Bunce, 1994). Students will continue memorizing formulas if instruction gives more importance to
answers than students’ conceptual understanding (Nakhleh & Mitchell, 1993). Therefore, educators
should employ process-based instruction if they want to prepare students who criticize, interpret, and
apply knowledge and are scientific literate.

On the other hand, conceptual problem solving includes using conceptual knowledge and keeping
algorithms in mind. This type of problem solving contains less steps and less time and consequently it
can be considered as efficient (Boulaoude & Barakat, 2003; Schmidt, 1997). Students who have low level
conceptual understanding mostly use algorithmic strategies and when problems get harder, they either
solve problems incorrectly or they cannot solve (Boulaoude & Barakat, 2003). The strategy employed by
a student depends on the difficulty of problem (Schmidt, 1997). Students tend to use existing strategies
such as a memorized rule to solve a difficult problem while they can use reasoning strategies to solve a
simpler problem.

Students have difficulties in solving stoichiometry problems (Doka, 2010). Research related to
stoichiometry seems to mostly evaluate student achievement based on the correctness of problem
solutions but, it is necessary to further examine the difficulties and deficiencies that students have in
solving stoichiometry problems (Gulacar et al.,, 2013). Science educators should identify these
difficulties to adopt appropriate and efficient teaching strategies in order to support their students to be
conceptual problem solvers (Shadreck & Enunuwe, 2018). Students can find stoichiometry problems
difficult because of the important point that they have to consider. These critical features are the
concept of mole, balancing chemical equations, algebraic operations and processes, and transforming
worded problems into mathematical equations (Boulaoude & Barakat, 2003; Hafsah, Rosnani, Zurida,
Kamaruzaman, & Yin, 2014; Musa, 2009; Schmidt & lJigneus, 2003). However, students can have
difficulties in stoichiometry because of their limited knowledge of mathematics (Dahsah & Coll, 2008).

The most common difficulty students have in stoichiometry is that they are inclined to confuse the
concept of mole with number of particles or mass (Furio, Azcona & Guisasola, 2002). It is crucial to
realize that proportionality is valid only for mole ratio (Case & Fraser, 1999) and this enables to make
correct proportional relationships in a chemical equation. Students must have a sound conceptual
understanding related to proportional, multiplicative and additive reasoning. It is a misconception to
apply the mole ratio if the reactants or the products are given in term of non-molar units. This
misconception emphasizes the importance of proportional reasoning in stoichiometry (Huddle & Pillay,
1996; Ramful & Narod, 2014).
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Stoichiometry Problems and Proportional Reasoning

Mathematical terminology is used to express some of the chemical concepts so the use of
mathematics can lead to instructional difficulties in chemistry (Desjardins, 2008). Students have lack of
mathematical knowledge and their ability to apply and interpret mathematical knowledge in a chemical
context or to transfer their mathematical knowledge into chemistry is not at a desired level (Hoban,
2011). These deficiencies lead students to have difficulties to solve mathematical problems that exist in
the chemistry topics. Research related to integrated science and mathematics (Adigwe, 2013; Anderson,
1993; diSessa, 1988; Pascarella, 2002) reports that students are not successful because they consider
science and mathematics as distinct knowledge domains. Science and mathematics educators should
collaborate to make students explore the connections between scientific and mathematical concepts
and to help them overcome the difficulties related to transferring mathematical knowledge into science
topics.

Proportional reasoning plays an important role in students’ science achievement (Akatugba &
Wallace, 1999; Harel, Behr, Post, & Lesh, 1992; Mitchell & Lawson, 1988) and development of formal
operation skills (Inhelder & Piaget, 1958). Proportional reasoning is the mathematical reasoning process
that consists of covariance and making sense of a variety of comparisons and the ability to keep
knowledge in mind and use it when it is time. It also includes determining the multiplicative relationship
between two quantities as well as applying the same relationship to another pair of quantities (Ramful
& Narod, 2014). Proportional reasoning is closely related to interpretation and prediction and is
combination of quantitative and qualitative reasoning (Lesh et al., 1988). Proportional reasoning is
developed by engaging with multiple representations. Students who reason proportionally can identify
the covariance, predict how variance in a quantity effect another quantity, and develop their own
strategies instead of using existing algorithms to solve problems.

Proportional reasoning may be difficult to detect in chemistry yet it has a variety of complexity
levels. Ramful and Narod (2014) identified five levels for stoichiometry problems based on the
complexity of problems (Table 1).

Table 1.
Complexity levels of stoichiometry problems developed by Ramful and Narod (2014)
Level Definition

1 Proportional relationship is used without converting units

2 Quantities are given in different units and these units must be converted to mole in order
to use proportionality

3 Proportional relationships that include quantities given as an intensive unit (e.g. density,
molar volume)

4 Two or more proportional relationships are given (there may be different chemical
equations). It may include intensive quantities or unit converting.

5 Proportional reasoning between two quantities in which one of the quantities in unknown

or involves one unknown element. It may include intensive quantities or unit converting.

The strategies that can be used to solve problems that involve proportional relationships, regardless
of their levels of complexity, are the unit rate strategy, the factor of change strategy, the fraction
strategy and the cross-product algorithm. We can describe these strategies for the problem “Ali and
Ayse were driving equally fast. If Ali takes 40 km in 20 minutes, how many minutes does it take for Ayse
to take 120 km?” as follows (Cramer & Post, 1993; p.406);

(i) Students who use the unit rate strategy ask themselves “if someone takes 40 km in 20 minutes,
how many minutes does it take for 1 km?” and find the answer as 0,5 minutes. She/he then uses the 0,5
minutes per 1 km and find the solution for 120 km. The other way to use this strategy is to calculate the
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unit rate per 1 minute. Thus, students can ask themselves “if someone takes 40 km in 20 minutes, how
many kilometers does he/she take in 1 minute?”.

(ii) Cramer and Post (1993) called the factor of change strategy as “times as many” strategy. One
who use this strategy would realize that Ayse took three times as far, so it must take three times as long.
Then she/he can find the answer as three times 20 minutes or 60 minutes.

(iii) Students consider the speed of Ali and Ayse as a fraction and then attempt to use the
40 km

20

. We know that they were driving equally and to obtain equivalent fractions we should multiply

120 k_m. This shows us that driving 120 km

60 min

equivalence of fractions in the fraction strategy. We can express the speed of Ali as and Ayse as

120 km

min

min

the numerator and denominator of speed of Ali by 3 and find

tooks 60 minutes.

(iv) The cross-product algorithm is an effective strategy but it is difficult to make sense the solution
strategy in real world. Students who use this strategy solve the above-mentioned problem as follows;
20 min ?min
40 km 120 km
20 min X 120 km =?min X 40 km
20 min X 120 km

40 km
60 min =?min

=?min

The significance of the Study

The participants of the research related to stoichiometry problems are students from different grade
levels such as secondary school students (Adigwe, 2013; Hafsah et al., 2014), high school students
(BouJaude & Barakat, 2003; Shadreck & Enunuwe, 2018), and college students (Huddle & Pillay, 1996;
Wagner, 2001). Adigwe (2013) addressed the relationship between secondary school students’
achievement in stoichiometry problems and mathematical skills. Hafsah et al. (2014) also investigated
how secondary school students’ conceptual understanding of the concept of the mole, problem
representation ability, and mathematical ability effected their achievement in stoichiometry problems.
Boulaude and Barakat (2003) investigated the relationship between high school students’ achievement
in stoichiometry problems and their conceptual understanding and learning approaches. In another
study conducted with high school students, Shadreck and Enunuwe (2018) identified difficulties that
students had in stoichiometry problem solving. Huddle and Pillay (1996) investigated college students’
achievement but they analyzed success in problem solving step by step. They identified the steps as
balancing the equation, determining the amount of the reactants, determining the limiting agent, and
determining the amount of the products.

It is difficult for someone who does not have a sound conceptual understanding of a topic to teach
that topic well (Shulman, 1986). Science teachers should have enough and strong knowledge about
stoichiometric concepts to encourage their students to be conceptual problem solvers. Solving
stoichiometry problems conceptually and correctly depends on the concept of the mole, balancing the
equation correctly, and interpreting and using the mole ratio appropriately (Hafsah et al., 2014). It can
be seen that there are a few studies conducted with college students. Those in which college students
participated usually studied the achievement in problem solving. This situation in the literature
highlights the need to study with pre-service science teachers to predict their future students’
performance related to stoichiometry.

This study is designed considering the complexity levels developed by Ramful and Narod (2014). We
aim to investigate to what extent pre-service teachers use strategies that employ proportional reasoning
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in solving problems belonging to each level of complexity. The research questions are specified as
follows;

i. How well do pre-service science teachers balance the chemical equations and solve the
stoichiometry problems?

ii. Which strategies (proportionality, formulas, algorithmic etc.) do pre-service science teachers use in
solving problems that belong to each level of complexity?

Method

This study aims to investigate pre-service solutions of stoichiometry problems with different
complexity levels and to identify whether pre-service teachers reason proportionally to solve problems
or not. The multiple holistic case study was utilized (Merriam, 2009; Yin, 2003). Pre-service teachers’
solutions of problems that belong to each level was taken as case and the correctness of pre-service
teachers’ responses and the strategies used in problem-solving were determined as the analysis unit.

Participants

37 pre-service science teachers who are juniors at a state university participated in the study.
Participants were selected via purposeful sampling (Plano Clark & Creswell, 2015). Junior pre-service
science teachers have learnt about chemical reactions and how to solve stoichiometry problems in their
prior chemistry courses. Therefore, we thought that they may have the enough conceptual and
procedural knowledge to solve stoichiometry problems. The age range of participants 20-28 and the
average of ages of the participants is 22.56 (Sd=1.326). 32% of participants are male (f=12) and 68% are
female (f=25).

Instrument

“The diagnostic assessment form related to stoichiometry problems” was used in the study to collect
data. The form includes seven questions and developed by Ramful and Narod (2014). The questions
were translated into Turkish. Then, three researchers who studies science and mathematics education
were asked to evaluate the questions whether they represent the levels of complexity in the context of
the study. They assessed the questions based on three criteria; “acceptable”, “needs to be developed”
and “not appropriate”. Kendall’s Tau correlation coefficient was calculated as .865 considering data

obtained from expert reviews.

Authors conducted a pilot interview with two pre-service teachers out of the participants to correct
probable misunderstandings. Pre-service teachers were asked to read and answer the questions aloud
(Bowles, 2010; Ericsson & Simon, 1998). The think aloud protocol helped authors to determine whether
they and the pre-service teachers understand the questions in the same way. The pre-service teachers
were also asked to write their solutions. The written explanation for each question is a way of observing
to what extent they represent their thoughts in their written explanations. The questions in the data
collection form is given in Table 2. It can be seen from the table that chemical reactions are not
balanced, pre-service teachers must balance the equations at first.

Table 2.
Questions in the diagnostic assessment form related to stoichiometry problems

Level Question

Balance the equations.

1 1(a) Fe203() + CO(g) ---------- > Feq + CO2(g)
1(b) NaN3 ---------- >Na + N2
Na + KNO3 ---------- > K20 + Naz0 + N2
(2a) ZnS + Oz ---------- >Zn0 + SO2

How many liters of oxygen gas is needed to react with completely 388 g of the ZnS? Explain your
answer. (Zn=65, S=32) (1 mole gas = 22,4 liter)
(2b) NH3 + Oz ---------- >NO + H20
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NO2 + Oz + H20 ---------- > HNOs3
Consider the successive chemical reactions above. How many grams of nitric acid is obtained from
51 gr of ammonia (NHs)? Explain your answer. (N=14, H=1, 0=16)

NazCOs3 + HCl ---------- > NaCl + H20 + CO2
Calculate the volume of 0.5 mol/dm3 hydrochloric acid (HCl)that is required to react with

3 completely 20 cm3 of 0,5 mol/dm3 sodium carbonate (Na2C03). Explain your answer. (H=1, ClI=35,
Na=23,C=12,0=16) (1dm =10 cm)
205 + CO ---------- >C0z+12
NazS203 + I2 ---------- > NazS406 + Nal
4 How many grams of carbon monoxide (CO) is required for 20 cm3 of 0,1 mol/dm3 sodium
thiosulfate (Naz2S203) to react with enough iodine (I2)? Explain your answer. (I1=127, S=32, Na=23,
C=12,0=16) (1 dm =10 cm)
X(NO3)z ---------- > X0 + NOz + 02
5 The above reaction presents the process what happens when X(NO3):z is heated. 5g X(NO3)z loses

3.29 gram in mass after heating. Calculate the atomic mass of the element of X. explain your
answer. (N=14, 0=16)

Data Analysis

Data was analyzed in three steps. We analyzed whether (i) pre-service teachers balanced the
equations correctly or not and (ii) they solved problems correctly or not. Lastly, their solutions were
examined in order to find evidence of proportional reasoning via content analysis. Pre-service teachers’
responses were coded as “correct response”, “balanced equation only”, “wrong response” and “no
response”. Then, content analysis was utilized to reveal which strategies pre-service teachers use in
problems of each level. Three main categories to classify strategies are proportional reasoning strategies
(the unit rate, the factor of change, the fraction, and the cross-product) specified by Cramer and Post
(1993), algorithmic strategies, and formulaic approach. If pre-service teachers used memorized rules
such as chain rule, their response was coded as algorithmic strategies. If they used ready-made formulas
suchasm=dxV,n= %, their response was coded as formulaic approach. It was seen that pre-

service teachers might use strategies more than one. Therefore, we analyzed that how many pre-service
teachers used each strategy in a problem. Quotations from pre-service teachers’ responses also were
given for each problem.

Authors analyzed data independently and then came together to share their own analysis and notes.
They discussed the similarities and differences of their analysis and discussions continued until they
reached a consensus (Miles & Huberman, 1994).

Results
The balanced equations and correctness of pre-service teachers’ responses

Researchers (Boulaude & Barakat, 2003; Hafsah et al., 2014; Staver & Jacks, 1988) addressed the
importance of balancing a chemical equation and applying the mole ratio obtained from balanced
equation correctly. Table 3 demonstrates to what extent pre-service teachers balanced the chemical
equations and solved stoichiometry problems correctly.

Table 3.
The findings that show to what extent pre-service teachers balanced the chemical equations and
solved stoichiometry problems correctly

1a 1b 2a 2b 3 4 5 Total
Correct f 25 23 30 24 14 13 24 153
Balanced % 6757 6216 81.08 6486 3784 3514 6486 59.07
equation Wrong f 8 12 7 13 18 13 6 77
% 21.62 3243 1892 3514 4865 3514 16.22 29.73
No response f 4 2 - - 5 11 7 29
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% 1081 541 - - 13.51 29.73 18.92 11.20
Correct - - 20 20 - 4 - 44
% - - 74 74 - 10.81 - 23.78
Wrong f - - 17 14 25 13 12 81
Problem % - - - 3784 67.57 3514 3243 43.78
solving Balanced f - - - 2 7 5 14 28
equation only o - - - 541 1892 13,51 37.84 15.14
No response i i i 1 5 15 11 32
% - - - 270 13,51 40.54 29.73 17.30

It can be said that pre-service science teachers are mostly successful at balancing equations. More
than half of the pre-service teachers balanced equations correctly except for the third and fourth
questions. Reactants in the third and fourth questions were given in terms of volume and density that is
an intensive unit. These units may be unusual for pre-service teachers. In fact, the units of reactants or
products are expected not to effect how to balance the equation. It seems unusual units may affect
negatively pre-service teachers. Most of the pre-service have balanced the equations correctly but it is
found that most of the pre-service teachers who balanced the equations correctly could not find the
right answer of the problems. Pre-service teachers’ achievement in problem solving decreased as the
levels of complexity increased. None of the pre-service teachers gave response to third and fifth
problems.

It is important to identify what pre-service teachers have thought in their problem-solving
performance. The strategies they used can reveal their reasoning. But in the first question, participants
were asked to only balance the equations. The data from first question only includes how pre-service
teachers balance the equations. It is seen from pre-service teachers’ written performance that they tend
to balance the integers of hydrogen and oxygen at last and they insisted on whether an element is alone
or not. PST-5 is one of them who thought like this and her explanation for first question is given in Figure
1.

1(a) FC:“ kT (-(‘)_;‘ s _'F\.') KCO; 2)
1(b) P\ 1\ PIE—— '_,\ ?N
{ONaHKNO: v > K20 ANayO + N
A
Ok ]/ « birol  aralc Laabdadl '
! - ¥ X - S " X ¢ laralc
L&Y ] J e | 4 y A } . {
‘el \ Jereicl g cA '
Mo ¢ v | A 1o 'd A e
Alo Me e (e { A 4
k o ;‘ A U Q d .
lerk It e bitrdm. bande basla el : e kilied ks bis ]
2(a) VA TNY v, 0 — > 7Zn0 + SO, KL ey aphA

Figure 1. The written explanation of PST-5 for the first problem

Translation. (1a) | thought I should use Fe at first and balance its constant. Then | balanced the constants
of C and O. | balanced the constant of O at last. If there are two Fe in the reactants, it must be two Fe in the
products.
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(1b) The number of the atoms in the reactants must be equal to the number of the atoms in the
products. Numbers of Na were equal but, number of N was not. | balanced the constants of N and then
NA.

In the other equation, | left Na for last. Because Na stays alone in the products and | thought it is
easier to balance its constant. | left O at last i, because it is alone too.

Findings related to problems in the second level

There are two different questions in the second level which contains quantities in different units and
unit conversion. The quantities are given in gram in questions. Pre-service science teachers were
expected to converse the unit “gram” to mol by dividing the mass to molecular mass or by reasoning
proportionally. Then they should use the mole ratio in the balanced equation. Findings related to
problems in the second level were given in Table 4.

Table 4.
Findings related to problems in the second level

[} N
9 = ° 6. & T2 2=
—_ g = ) [ZJR3] = EC T ©
) — = o o0 E = Q 5 g —=' g
3 ? Correctness g °S5 B® £ &£ 2
Q v} © =] I g
= B > ¢S 25 3 %& 58
(=4 ﬁ ﬁ (= ﬁ -E « w
2a Incorrect response(f=17) 11 3 8 1 6 4
Correct response (f=20) 18 9 8 - 11 5
2 No response(f=1) - - - - - -
2b Only balanced the equation (f=2) - - -
Incorrect response (f=14) 5 4 9 - 1 2
Correct response (f=20) 14 2 7 - 10 6

30 pre-service teachers balanced the equation in the problem (2a) correctly. But 20 of them could
solve the problem correctly. Those who solved problem correctly mostly used the unit rate strategy
(f=18) and the algorithmic approach (f=11). Pre-service teachers whose responses were incorrect
seemed not to interpret and use the mole ratio, to write the algorithm incorrectly or to have calculation
error. Figure 2 indicates the response of PST-17, one of them who solved problem correctly.

A g B T —— > 7Zn0 + SO,

|

Figure 2. The written explanation of PST-17 for the problem (2a)

PST-17 balanced the equation and used the unit rate strategy to converse unit in gram for ZnS to
mole. Then she found the amount of the reactants and products for 4 mol of ZnS using the fraction
strategy. Lastly, unit rate strategy was employed again to find how many liters is 6 mol of O,. PST-10 is a
pre-service teacher who could not solve problem correctly and Figure 3 demonstrates her written
solution and explanation for the problem (2a).
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Figure 3. The written explanation of PST-10 for the problem (2a)

Translation. | first balanced the equation. Then | found how many moles of each is required. The
molecular mass of ZnS is 97 (ZnS=Zn+5=65+32=97). | used the formula of n = ml and found 4 mol. The
A

constant of ZnS is one and | found 4 mol for one and used this ratio (four times as many of them) to find
other moles of quantities.

PST-10 could not interpret and use the mole ratio obtained from the balanced equation correctly.
She wrote the mole ratios correctly just below of the equation and multiply all of them with four that is
the amount of ZnS in mol. This made her solve problem incorrectly.

One pre-service teacher did not answer the last problem in the second level (2b) and two just
balanced the equation. 54.05% of participants (f=20) solved problem correctly while 37.83% solved
incorrectly (f=14). Pre-service teachers who have solved correctly mostly utilized algorithmic approach.
It is important to note that those who used algorithmic approach properly also used the unit-rate
strategy. Figure 4 indicates a written explanation in which correct response was found with algorithm.

NH; 4503 -——e-> INO +3H,0
NO +00; ==mmemmemm INO;
NO; H02 +H;0 =eeeeemev >JHNO;
Ny : f 1 n "/ ’ '/ A 2 l‘/v
(X3 qrom WN
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Figure 4. The written explanation of PST-11 for the problem (2b)

Pre-service teachers mostly balanced the equations separately. It can be seen that PST-11 utilized
the mass of 1 mol of NH; and the mole ratios that he obtained from the balanced equations. We see
that those who solved problem incorrectly either could not use the mole ratios properly or could not
write the algorithm completely. Problem (2b) includes three chemical reactions whose product is the
reactant of the other reaction. Some participants considered the equations as they are disconnected
and wrote an algorithm for each of them. However, some participants regard the chemical equations as
mathematical equations and obtained only one chemical reaction by eliminating. Figure 5 is an example
of incorrect response that used formulaic approach.

Ry M oo QNO +3H-0
2NO + O wemeememme $NO,
NO /" )y + l{:(:) ----------- HNO

Figure 5. The written explanation of PST-6 for the problem (2b)

Translation. 3 mol of NH; produces 2 mol of HNO;. | balanced the equations at first and found the mol of
NH; from the given information. Then | determined the mol of HNO; using the mole ratio and calculated the
mass of 2 mol of HNO;_

PST-6 balanced the equations correctly but failed to use the mole ratio properly. After balancing the
equations, it is seen that the constant of NH;is equal to the constant of HNO; but PST-6 concluded that
3 mol of NH; produces 2 mol of HNO;. PST-6 may have lack of conceptual knowledge related to the mole
ratio in a chemical reaction.

Findings related to problem in the third level

The third level is a bit more complicated and the problem (3) includes an intensive unit. Table 5
indicates the findings related to the problem (3).

Table 5.
Findings related to problem in the third level
Q St
2 & ° 6. 8 E s 25
—_ = 5 »w o =] 3] R
s £ & g% £2 § =58 =8
2 2 Correctness = = 50 8 ¥9 e
4 Q = & <] [i= = g g a
- = 5] () -S g E. Q Oo.D = ‘6 1=
S =« «
O £ = = B < =
No response(f=5) - - - - B
3 3 Balanced the equation only (f=7) - - - - - -
Incorrect response(f=25) 8 2 11 - 4 18
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None of the pre-service teachers solved the problem (3) correctly. Five of the participants (13.51%)
did not answer the problem, seven of them (18.92%) only balanced the equation and 25 of them
(67.57%) solved the problem incorrectly. Those who solved incorrectly mostly chose to use the
formulaic approach. The volume and density of the reactant, Na,CO; and the density of the product, HCI
are given; the volume of HCl is asked. The density of the reactant and the product is given in mol/dm’. It
is found that pre-service teachers mostly used the formula mass = density X volume. But density X
volume would give the amount of mol instead of mass. Most of the pre-service teachers did not realize
that they found the amount of the mole by multiplying the volume and the density. They perceived that
they found the mass and as a consequent they solved the problem incorrectly. Another reason that
hinder pre-service teacher to solve correctly is that most of them failed to convert dm?to cm’.

/
G [tk 1o

gerchk ! "

Figure 6. The written explanation of PST-11 for the problem (3)

PST-11 used the density of Na,CO; properly but, she used the molar mass instead of volume in the
proceeded sections of the algorithm. In other words, she failed to use the given volume of the solutions
(Figure 6). PST-28 found the amount of the mole of Na,CO; correctly but used the mass instead of
volume. We can conclude that pre-service teachers are inclined to make calculations with mass and they
could not deal with quantities given in volume successfully (Figure 7).

Figure 7. The written explanation of PST-28 for the problem (3)
Findings related to problem in the fourth level

Table 6 indicates the findings related to the problem that consists of two consecutive chemical
reactions in which the quantities are given in volume.
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Table 6.
Findings related to problem in the fourth level
5} St
@ = 2 9 - § == 2=
—_ s = = 0 ks = g0 < ©
s S 2 82 g2 § £§ 8
> 4z Correctness £ 85 &= g =2 =
& 3 = &8 429 = £s Ex
H : 25 252 2 BF 5%
E B &= = < =
No response(f=15) - - - - - -
4 4 Balanced the equation only(f=5) - - - - - -
Incorrect response (f=13) 4 6 7 - 2 8

5N
'

Correct response(f=4)

Pre-service teachers mostly either did not solve the problem correctly (f=13, 35.14%) or did not give
any response (f=15, 40.54%). Only four pre-service teachers solved the problem correctly using the
algorithmic approach. PST-22 is one of the four pre-service teachers who solved problem correctly

(Figure 8).

Na;S;0; + [ ===eeeeeee » Na;S404 +/Nal

Figure 8. The written explanation of PST-22 for the problem (4)

PST-22 calculated the mole of the 20 cm® Na,S,0; to solve the problem. Then using the mole ratio
obtained from the balanced equations and algorithm, she found the right response.

Findings related to problem in the fifth level

The most complex level includes an unknown quantity or unknown element. Findings related to the
problem (5) is in Table 7.

Table 7.
Findings related to problem in the fifth level

“5 . = 2]
g 2 5o 88 & ES £7%
s S £E¢g S 83 © =S8 =g
- =] o = = 3] - O = o
2 @ Correctness o® 88 9 T & TL E§
o = = = Q = ) =) —
o = - = a @& 50 & o =
= = £ = =
No response (f=11) - - - - -
5 5 Balanced the equation only (f=14) - - - -
Incorrect response (f=11) 2 1 1 - - 1

There is no correct response for the problem (5). 11 pre-service teachers solved the problem
incorrectly. These pre-service teachers could not use the mole ratio properly even though they balanced
the equation correctly. They mostly used the principle of the conservation of mass that emphasizes the
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total mass of reactants must be equal to the total mass of the products. PST-7 is one of them who used
this principle. But she made calculation error and did not use the given information (Figure 9).

2 X(INO3); ----- JXO +JNO> + O3

Figure 9. The written explanation of PST-7 for the problem (5)

Pre-service teachers who tried to solve the problem assumed that the decreasing amount in mass
should belong to gases. But most of them did not realize that NO, is a gas too and determined the
decreasing amount as the amount of O, (Figure 10).

Figure 10. The written explanation of PST-21 for the problem (5)

Translation. | balanced the equation. The decreased amount in total mass belongs to 0,. 5-3029=1.71
gram of O,

It can be said that pre-service teachers failed to solve this problem. None of them who tried to find
the response did not use the algorithmic approach. This underpins the finding that students use less
algorithmic procedures when questions get harder (Boulaoude & Barakat, 2003; Frazer & Servant,
1986).

Conclusion, Discussion & Implications

This study investigated how well 37 pre-service science teachers solved stoichiometry problems and
which strategies including proportional reasoning, algorithmic and formulaic approach they used in
solving stoichiometry problems. The problems represent different complexity levels. Solving a
stoichiometry problem correctly requires balancing the equation correctly and interpreting and using
the mole ratio properly (Gulacar et al., 2013; Hafsah et al., 2014; Wagner, 2001; Yarroch, 1985) and
employing proportional reasoning (Akatugba & Wallace, 1999; Harel et al., 1992; Mitchell & Lawson,
1988). Considering these important points, we analyze pre-service teachers’ responses to reveal (i)
whether they balanced the equations correctly or not, (ii) whether they solved the problems correctly or
not, and (iii) which strategies they used in stoichiometry problem-solving.

Balancing a chemical reaction correctly is the first step to identify the mole ratio between reactants
and products and to identify the accurate amount of the reactants and the products (Hafsah et al.,
2014). Participants of this study mostly balanced the given equations correctly except for the third and
fourth problems in which quantities are given in volume. Different chemical quantities such as
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concentration, density, and volume can lead to complexity (Case & Fraser, 1999). Quantities given in
volume may have affected pre-service teachers’ thoughts and feelings negatively and hindered their
performance to solve the problem correctly.

If those who balanced the equations correctly interpreted and used the mole ratio properly, it is not
too important whether they used proportional reasoning, formulas, and algorithms to find the correct
answer (BouJaude & Barakat, 2003). 23.78% of the participants solved the problems correctly while 59%
of them balanced the equations correctly (Table 3). This finding can be interpreted as that pre-service
teachers have lack of conceptual understanding of the mole ratio in a chemical reaction (Case & Fraser,
1999; Dahsah & Coll, 2008). Pre-service teachers’ achievement in problem solving decreased as long as
the complexity of the problems increased. Similarly, researchers (BouJaoude & Barakat, 2003; Gulacar,
2007; Schmidt & Jigneus, 2003) reported that students had difficulties in stoichiometry problems and
failed to solve more complex stoichiometry problems.

Pre-service teachers mostly used algorithmic approach in problem-solving. It is known that students
rely on algorithms in stoichiometry problems (Huddle & Pillay, 1996; Ramful & Narod, 2014; Schmidt &
Jignéus, 2003). The most used strategies that employ proportional reasoning are the unit rate strategy
and the cross-product. Pre-service teachers may have memorized the algorithm instead of
understanding why the algorithm works (Frazer & Servant, 1986) so they could not solve more complex
problem correctly (Boulaude & Barakat, 2003). We can conclude that participant do not feel
comfortable in using proportional reasoning to solve problems considering the fact that students are
inclined to use the strategies that they are familiar with (Wagner, 2001). They may have learnt
algorithmic approach in their prior courses related to chemical reaction and this can explain why they
may have avoided proportional reasoning.

Pre-service teachers rarely utilized proportional reasoning strategies. This may be because pre-
service teachers have a lack of mathematical knowledge and they have difficulties in transferring their
mathematical knowledge into chemistry (Hoban, 2011). Akatugba and Wallace (1999) identified the
reasons for which students do not use proportional reasoning as follows; (i)not realizing that they can
use proportional reasoning in problem-solving, (ii)considering proportion just as a mathematical topic,
(iii)not associating physics to mathematics, and (iv) over trusting on traditional methods such as
algorithms. The same reasons can be valid for this study. Participants may ignore proportional
reasoning as they are inclined to use the algorithmic and formulaic approaches that they are familiar
with and they perceive as an easy and short way (Agudelo-Valderrama & Martinez, 2016). Pre-service
teachers need to realize the interrelation between science and mathematics; science educators can help
them by emphasizing and expanding on mathematical concepts that underlie specific science concepts.
It is important for pre-service teachers to be trained so as to be aware the role of an integrated science
and mathematics education. This will promote the conceptual change of pre-service teachers (Agudelo-
Valderrama & Martinez, 2016) and will make pre-service teachers teach science in an integrated way
with mathematics (Niess, 2005).

The difficulties that students had in stoichiometry problems should be identified (Gulacar et al.,
2013) because identifying these difficulties help to promote students’ understanding and solving
problems (BouJaoude & Barakat, 2003; Nyachwaya, Warfa, Roehrig, & Schneiderd, 2014). Participants
could not use the mole ratio properly event though they correctly balanced the equations. This is an
evidence of that they did not understand the importance of the mole ration between reactants and
products (Hafsah et al., 2014). Therefore, they failed to use the mole ratio correctly if quantities are
given in an unusual unit for them such as density and volume. Another difficulty pre-service teachers
had in stoichiometry problem solving is interpreting and converting units (Furio et al., 2002). They
reported that they found the mass by multiplying volume and density given in mol/dm?>. But this
multiplication would give the amount in mole. However, most of the participants could not make unit
conversion between dm® and cm’. Similarly, Aydin (2011) and Birinci Konur and Pirasa (2010) reported
that pre-service teachers had difficulties in unit conversion.
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The findings of the study show that pre-service teachers’ lack of conceptual understanding in
stoichiometry hinder their problem-solving performance regardless of the strategies they used. Teacher
educators should highlight the concepts and definitions underlying the stoichiometry and demonstrate
pre-service teachers how proportional reasoning works in stoichiometry problems before teaching
algorithms. However, proportional reasoning practices that did not include scientific concepts can help
pre-service teachers to make sense the ratio and proportion and to associate proportional reasoning to
stoichiometry. Cramer and Post (1993) argued that qualitative comparison made without numerical
quantities promote the conceptual understanding of proportion. The opportunity to deal with
qualitative comparison is a way to encourage pre-service teachers to use strategies other than
algorithms.

*Acknowledgement: This paper refers to data from the research project “Examining Preservice
Science Teachers’ Proportional Reasoning in the Subject of Chemical Reactions” (EGT.A4.18.027), funded
by the Kirsehir Ahi Evran University Scientific Research Projects Coordination Unit.
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Turkge Strumii

Giris

Fen bilimleri konulari igin gerekli gériilen matematik baska bir ifadeyle teknik matematik bilimsel
kavram, ilke ve sireglerin anlasiimasi icin gerekli muhakeme becerilerinin edinilmesinde hayati 6nem
tasimaktadir. Matematiksel yeterlikler olmadan fen ve teknoloji alanindaki gelismelerin anlamli olmasi
ongorilmemektedir (Adigwe, 2013). Sayi hissi, orantisal akil yiiritme, Olgim hissi ve cebirsel akil
ylratme gibi matematik egitiminin icinde barindirdigi kavramlarin (National Research Council [NRC],
2000) kimya gibi fen bilimlerine dair pek ¢ok alanda uygulamalari bulunmaktadir (Gulacar, 2007). Bu
nedenle fen bilimleri kavramlarinin temelinde yer alan matematiksel kavram ve muhakeme bigimlerinin
belirlenmesi ve gelistiriimesi 6grencilerin fen bilimlerine dair kavramsal bilgilerini destekleyecektir.

Kimya konulari matematiksel bilgi, dislinme sireci ve beceri gerektirmektedir. Kimyasal kavramlari
anlama (i) makroskopik (blytk 6lcekli) ve somut seviye (6rn. katilar, sivilar, metaller, ametaller, asitler,
bazlar, vb.), (ii) mikroskobik seviye (6rn. molekdller, atomlar ve elektronlar vb.) ve (iii) sembolik seviye
(6rn. semboller, formiiller, esitlikler, 6lcim, matematiksel manipilasyon ve grafikler vb.) olmak tizere (g
disinme seviyesini icermektedir (Johnstone, 2000). Matematiksel muhakeme sembolik asamada isin
icine girmektedir. Kimyasal reaksiyonlarda yaygin bir bicimde kullanilan kavramlar bagil atomik kutle,
bagil molekdl kiitlesi, bir bilesende bir elementin bulunma ytzdesi ve bir maddenin saflik yiizdesidir ki bu
kavramlar ¢ogunlukla oran, oranti veya ylizde kavramlari ile tanimlanmakta ve ondalik veya kesirli
ifadeler ile belirtilmektedir.

Literatliirde Ogrencilerin orantisal akil yiriitme becerileri ile problem ¢dzme basarilari arasinda
onemli iliskilerin tespit edildigi cok sayida ¢alisma bulunmaktadir (Akatugba & Wallace, 1999; Dawkins,
2000; Lesh, Post, & Northern, 1988; Tingle & Good, 1990). Pek ¢ok ¢alisma (Ward & Herron, 1980;
Wheeler & Kass, 1977) Universiteye yeni baslayan 6grencilerin orantisal akil yiritme becerilerini
kullanmada iyi olmadiklarini gostermektedir. Kimya egitiminde orantisal akil yiritmenin 6nemi
bilinmesine ragmen (Aydin, 2011; Heller, Ahlgren, Post, Behr & Lesh, 1989; Hwang, 1994) kimya
problemlerinin ¢éziimiinde orantisal akil yiritmenin nasil meydana geldigini acgik bir sekilde gosteren
calismalara ihtiya¢ duyulmaktadir (Ramful & Narod, 2014). Bu noktadan yola c¢ikarak arastirmacilar bu
calismada fen bilgisi 6gretmen adaylarinin kimyasal tepkimelere dair problem ¢éziimlerinin dogrulugunu
ve bu ¢éziimler esnasinda orantisal akil yiriitme becerilerini kullanip kullanmadiklarini incelemislerdir.

Kimyasal Tepkimeler ve Stokiyometri

Stokiyometri en temel ve en soyut kimya konularindan birisidir (Boulaoude & Barakat, 2003) ve
kimyasal bir tepkimeye giren maddeler arasindaki nicel iligkileri belirlemeyi ve bu iliskilere dair sonuglari
degerlendirmeyi kapsamaktadir (Adigwe, 2013; Daley & Malley, 1988; Ramful & Narod, 2014).
Stokiyometri problemleri ¢ogunlukla tepkimeye giren iki madde ve iki Urlin icermektedir. Tipik bir
kimyasal tepkime asagidaki gibi ifade edilebilir;

R, ve R, reaksiyona giren maddeleri temsil ederken P; ve P, ise reaksiyon sonucu olusan trinleri
ortaya koymaktadir. kq, k,, k3 ve k, ise tepkimeye giren ve olusan uriinlerin denklestirilmesi ile ortaya
cikan katsayilardir ve tepkimenin denkligini saglamaktadir.

Kimyasal problemleri ¢ozmek fen ve kimya egitiminin 6nemli bir bileseni olarak gorilmektedir
(Shadreck & Enunuwe, 2018). Kimya egitiminde problem c¢6zmenin en iyi 6rnegi stokiyometridir
(Gulacar, Overton, Bowman, & Fynewever, 2013). Fakat stokiyometri problemleri 6grencileri en ¢ok
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zorlayan kimya konular arasinda yer almaktadir (Kimberlin & Yezierski, 2016) ¢linkii mol kavramina,
tepkimeleri denklestirmeye ve cebirsel becerilere iligskin bir kavramsal anlayis gerektirmektedir (Wagner,
2001). Problem ¢6zme kavramlar ve bu kavramlar ile iliskili kurallara baghdir ve ancak kavramlar ve
kavramlar arasindaki iliskilere dair anlamli 6grenme sayesinde problem ¢éziimlerinde istenilen hedeflere
ulasilabilir (Huddle & Pillay, 1996). Bu nedenle stoyikometri problemlerinin ¢6ziminde kavramsal basari
icin oncelikle kimyasal tepkimelere dair kavramlarin ve bu kavramlarin birbiri ile nasil bir baglanti icinde
oldugunun anlasiimasi gerekmektedir.

Problem ¢6zmek yalnizca algoritmik olmaktan ziyade anlamli ve kavramsal bir siiregtir (BouJaoude &
Barakat, 2003). Bir problemi algoritmik olarak ¢6zmek &nceden var olan siregleri kullanmaktir (Shuell,
1990). Ogrencilerin stokiyometri problemlerini algoritmik olarak ¢dzebiliyor olmalari konuyu gerekli
kavramsal diizeyde anladiklari anlamina gelmemektedir (Nurrenbern & Pickering, 1987). Ogrencilerin
problemin temelinde yer alan kimyasal kavram ve konulara tam hakim olamadiklari icin algoritmik
yontemleri tercih ettikleri diisiiniiimektedir. Ogrenciler bir formiili ezberlemis olabilirler ve problemdeki
verileri bu formilde yerine koyarak dogru cevaba ulasmaya calisabilirler (Gabel & Bunce, 1994). Eger
ogretim Ogrencilerin kimya konularini anlamalarindan ziyade cevabin dogruluguna odaklaniyorsa
formili ezberleme yaklasimi devam edecektir (Nakhleh & Mitchell, 1993). Bu nedenle bilimsel
okuryazarliga sahip, bilgiyi elestirebilen, yorumlayabilen ve degisik durumlara uygulayabilen 6grencilerin
yetistirilebilmesi igin egitim-6gretimin slirece odaklanmasi oldukga dnemlidir.

Kavramsal problem ¢6zimd kavramsal bilginin kullanildigl ve algoritmalarin da zihinde hazir
tutuldugu ¢6zimdir. Bu sekilde problem ¢6ziimi daha verimlidir, ¢linkli daha az adim kullanilarak daha
kisa zamanda ¢6ziime ulasmayi saglamaktadir (Boulaoude & Barakat, 2003; Schmidt, 1997). Distk
seviyede kavramsal anlayisa sahip 6grencilerin algoritmik stratejileri daha ¢ok tercih ettikleri ve sorular
zorlastikga bu sorulari ya ¢ézemedikleri ya da yanlis ¢ozdikleri goérilmistir (Boulaoude & Barakat,
2003). Bir 6grencinin tercih ettigi problem ¢ézme stratejisi problemin giigligi ile ilgilidir (Schmidt, 1997).
Ogrenciler zor bir problemi éncelikli olarak daha dnce 6grendikleri stratejileri kullanarak ¢dzmeye
meyillidirler. Kolay bir problemde ise 6grenciler muhakemeye dayali bir strateji kullanabilirler.

Ogrencilerin stokiyometri konusunda giicliikler yasadigi bilinmektedir (Doka, 2010). Stokiyometri ile
ilgili calismalarin biylk c¢ogunlugu 06grenci basarisini cevaplarin  dogrulugunu kriter alarak
degerlendirmektedir. Halbuki stokiyometri problemlerinin ¢éziminde karsilasilan gugcliklerin ve zayif
noktalarin daha derinlemesine incelenmesi gerekmektedir (Gulacar et al., 2013). Kimya egitimcilerinin
Ogrencilerin stokiyometri problemlerini ¢ozerken karsilastiklari glglikleri tanimlamasi 6grencilerin
kavramsal problem ¢o6ziciiler olmalari igin uygun 68retim stratejilerinin gelistirilmesini saglayacaktir
(Shadreck & Enunuwe, 2018). Ogrencilerin stokiyometri hesaplamalarini zor bulmalarinin nedeni,
Uzerinde durmalari gereken pek ¢ok 6nemli noktanin bulunmasi olabilir. Bu énemli noktalar; mol
kavrami, tepkimelerin denklestirilmesi, cebirsel siirecler ve sozli problemlerin matematiksel esitliklere
donistirilmesidir (Boulaoude & Barakat, 2003; Hafsah, Rosnani, Zurida, Kamaruzaman, & Yin, 2014;
Musa, 2009; Schmidt & lJigneus, 2003). Ayrica 6grencilerin sinirh matematik yeterlikleri, stokiyometri
problemlerinin ¢dziimiinde giglikler yasamalarina neden olmaktadir (Dahsah & Coll, 2008).

Mol birimini pargacik sayisi ve gram cinsinden kitle ile karistirmaya meyilli olmalari stokiyometri
konusunda 6grencilerin yasadigi en biyik zorluk olarak belirlenmistir (Furio, Azcona & Guisasola, 2002).
Orantilihgin yalnizca mol oran igin gecerli oldugunu anlamak, stokiyometri problemlerinde orantisal iliski
kurmada ise yarayacak onemli bir farkindaliktir (Case & Fraser, 1999). Bunun icin de 6grencilerin
orantisal, carpimsal ve toplamsal iliskiler icin glicli bir kavramsal anlayisa sahip olmalari gerekmektedir.
Girdi ve ciktilarin molar olmayan nicelikleri icin orantiyr uygulamak bir kavram yanilgisidir. Bu durum
orantisal akil ylritme becerisinin stoyikometri problemlerinin ¢dziimiinde nigin 6nemli oldugunu o6n
plana gikarmaktadir (Huddle & Pillay, 1996; Ramful & Narod, 2014).
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Stokiyometri Problemlerinin Coziimii ve Orantisal Muhakeme

Pek cok temel kimyasal kavram matematik terimleri ile ifade edildigi igin kimya egitiminde
matematigin kullanimi pedagojik sinirhliklar olusturabilir (Desjardins, 2008) ve lizerinde durulmasi
gerekmektedir. Ogrencilerin matematiksel bilgilerinin eksik olmasi ve gerekli matematiksel bilgiyi
uygulama ve yorumlama veya bu bilgiyi kimyaya transfer etme becerilerinin istenen dizeyde olmamasi
(Hoban, 2011) 6grencilerin kimya konularinda karsilastiklari matematiksel problemlerin ¢6ziiminde
giclik yasamalarina neden olmaktadir. Fen ve matematik egitiminde yapilan arastirmalar, 6grencilerin
fen ve matematik bilgilerinin birbiri ile baglantili olmayan islemsel pargalara ayrilmis bir bigcimde
bulundugu igin gogunlukla basarisiz olduklarini géstermektedir (Adigwe, 2013; Anderson, 1993; diSessa,
1988; Pascarella, 2002). Fen ve matematik egitimcilerinin bu alanlara ait kavramlarin birbiri ile iligkili
oldugunu 6grencilerin kesfetmesini saglayacak sekilde ele almalari 6grencilerin karsilastiklari gligliklerin
Ustesinden gelmesine destek olacaktir.

Orantisal muhakeme becerisi fen derslerinde 6grenci basarisi (Akatugba & Wallace, 1999; Harel,
Behr, Post, & Lesh, 1992; Mitchell & Lawson, 1988) ve formal islem becerisinin gelisimi (Inhelder &
Piaget, 1958) icin bliyik 6nem tasimaktadir. Orantisal muhakeme ortak degisim ve cesitli kiyaslamalari
anlamlandirmayi iceren bir matematiksel akil ylritme silreci ve bilginin gesitli pargalarini zihinde tutma
ve zamani geldiginde siirece dahil etme yetenegidir. iki nicelik arasindaki carpimsal iliskiyi fark etme
yeteneginin yani sira ayni iliskiyi diger nicelik giftine de uyarlamay: icerebilir (Ramful & Narod, 2014).
Orantisal akil yUritme yorum ve tahmin ile yakindan ilgilidir ve nicel ve nitel diisinme yéntemlerini bir
arada bulundurmaktadir (Lesh et al., 1988). Ogrenciler farkli temsiller ile calistiklari ve bu sayede
problemleri kesfettikleri ve c¢ozdiikleri zaman orantisal akil ylritme becerileri gelistirmektedirler.
Orantisal akil ylritme becerisine sahip bireyler iki coklugun birlikte degisimini iliskilendirebilir, bir
¢okluktaki degisimin diger coklugu nasil etkileyecegini tahmin edebilir ve orantilari ¢6zmek icin dnceden
belirlenmis algoritmalar yerine kendi ¢cdzim stratejilerini gelistirebilirler.

Cok cesitli karmasiklik seviyeleri icerdigi icin kimyada orantisal akil yuritmenin anlagiimasi daha
glictiir. Ramful ve Narod (2014) stokiyometri problemlerini igerdigi karmasikliklari gz 6niine alarak bes
seviyeye ayirmistir (Tablo 1).

Tablo 1.
Stokiyometrik problemlerin ¢6ziimiinde kullanilan seviyeler

Seviye Tanimi

1 Birimleri donilistirmeye ihtiya¢ olmadan orantisal iliski dogrudan kullanilir.

2 Cokluklar farkli birimlerde verilir ve orantisal iliskinin kullanilabilmesi i¢in bu birimlerin mole
donistirilmesi gerekmektedir.

3 intensif birimler (&rn. yogunluk, molar hacim) seklinde verilmis cokluklari iceren orantisal
iliskiler

4 iki veya daha fazla orantisal iliski verilmistir (farkh kimyasal esitlikler ile ifade edilebilirler).
intensif birimleri veya birim dénistiirmeyi icerebilir.

5 Cokluklardan birinin bilinmedigi veya bilinmeyen bir elementi iceren iki ¢okluk arasindaki

orantisal iliski. intensif birimleri veya birim déniistiirmeyi igerebilir.

Karmasiklik seviyesi ne olursa olsun herhangi bir orantisal iliskiyi iceren bir problemin ¢éziminde
kullanilabilecek stratejiler birim oran, degisim ¢arpani, denk kesir ve icler dislar ¢arpimidir. “Ali ve Ayse
esit hizda yol almaktadir. Ali 40 km yolu 20 dakikada gidiyor ise Ayse 120 km yolu ka¢ dakikada gider?”
problemi icin bu stratejiler su sekilde aciklanabilir (Cramer & Post,1993; s. 406);

(i) Birim oran stratejisinde 40 km yolu 20 dakikada aliyor ise 1 km yolu 0,5 dakikada alir diisiincesi ile
birim oran belirlenir ve buradan 120 km’nin kag¢ dakikada alinacagi bulunur. Diger yandan bir dakikada
ka¢ km yol alinacagi bulunarak da 120 km’nin kag dakikada alinacagi bulunur.
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(ii) Degisim ¢arpani stratejisi “kag kati” stratejisi olarak da ele alinabilir. Bu stratejiyi kullanan bir
Ogrenci su sekilde diislinmektedir: “Esit hizdaki Ayse’nin aldigi yol (120 km) Ali’nin aldigi yolun (40 km)
¢ kati ise Ayse’nin yol aldigi siire de Ali'nin yol aldigi stirenin (20 dakika) 3 kati yani 60 dakika olacaktir”.

(iii) Denk kesir stratejisinde 6grenciler Ali ve Ayse’nin hizlarini birer kesir gibi ele alir ve bu kesirleri

. 0. 40 km . 120 km
denklestirmeye ¢alisirlar. Ali'nin hizi ———— ve Ayse’nin hizi da ( -
20 dakika ? dakika

Ali’'nin hizin gosteren kesirde hem payin hem de paydanin 3 ile garpilmasi ile 60 dakika cevabina
ulasirlar.

) olarak belirlenir. Hizlar esit ise

(iv) icler-dislar carpimi etkili bir stratejidir ancak gergek diinya ile iliskilendirme yoni eksiktir. Bu
stratejiyi kullanan 6grenci su sekilde bir ¢ozim gelistirir;
20 dakika ?dakika

40km 120 km
20dakika X 120km =?dakika X 40km

20dakika x 120km —2 dakik
20km =?dakika

60 dakika =?dakika

Arastirmanin Onemi

Kimyasal tepkimelere iliskin problemlerle ilgili yapilan g¢alismalar incelendiginde her kademeden
ogrenciler ile yapilan galismalar oldugu gériilmektedir. Hafsah ve digerleri (2014) ortaokul 6grencilerinin
stokiyometri problemlerini ¢6zme performanslarinin mole iliskin kavramsal anlama dizeyleri,
problemleri temsil yetenekleri ve matematik yetenekleri tarafindan nasil etkilendigini arastirmislardir.
Adigwe (2013) ise ortaokul 6grencilerinin stokiyometri problemlerindeki basarilari ile matematiksel
becerileri arasindaki iliskiyi ele almistir. Boulaude ve Barakat (2003) ise lise 6grencilerinin stokiyometri
problemlerini ¢6zme basarilari ile 6grenme vyaklasimlari ve kavramsal anlama dizeylerini
karsilastirmiglardir. Yine lise 6grencileri ile yapilan baska bir calismada Shadreck ve Enunuwe (2018)
stokiyometri problemlerinin ¢dziminde karsilagilan giigliikleri belirlemiglerdir. Huddle ve Pillay (1996)
Universite o6grencilerinin kimyasal tepkimelere iliskin problemleri ¢6zme adimlarindaki (tepkimeyi
denklestirme, tepkimeye giren her bir maddenin miktarini belirleme, sinirlayici bileseni belirleme ve
tepkime sonucu ortaya ¢ikan drinlerin miktarini belirleme) basarilarini incelemislerdir. Wagner (2001)
ise mol oran akis cizelgesi stratejisi kullaniminin Gniversite 6grencilerinin stokiyometri problemlerini
¢6zme basarilari lizerinde etkili oldugunu géstermislerdir.

Bir konuyu anlamayan bir kisinin o konuyu ¢ok iyi 6gretebilmesi oldukca glgtiir (Shulman, 1986).
Ortaokul 6grencilerinin kimyasal denklemler konusunda iyi birer problem ¢6ziici olabilmeleri igin fen
bilimleri 6gretmenlerinin stokiyometri konusunu ¢ok iyi anlamis olmalari gerekmektedir. Stokiyometri
problemlerinin basarili bir sekilde ¢6ziilmesi icin ise mol kavramina dair kavramsal bir anlayis, kimyasal
tepkimenin dogru denklestiriimesi ve denklestirilmis tepkimedeki mol oranlarinin dogru bir bicimde
yorumlanmasi ve uygulanmasi gerekmektedir (Hafsah et al., 2014). Yapilan calismalar incelendiginde,
Uiniversite ogrencileri ile yapilan galismalarin azhgl ve bu galismalarin genellikle 6grencilerin problem
¢6zme performanslarina odaklandigl ve ¢ogunlukla kimya oOgrencileri ile yapildigi goérilmektedir. Bu
durum, ogrencilerin gelecekte stokiyometri performanslarina iliskin bir yordamada bulunmak ve gerekli
onlemleri almak icin fen bilimleri 6gretmen adaylarinin stokiyometri problemlerine iliskin ¢6ziimlerini
incelemeyi bir ihtiyag olarak gézler 6nline serebilir.

Orantisal muhakeme becerisinin stoyikometri problemlerinin ¢éziimiindeki dnemi géz 6niine alinarak
bu calismada Ramful ve Narod (2014) tarafindan olusturulan karmasiklik seviyelerine dair her bir
problemde 06gretmen adaylarinin orantisal muhakeme stratejilerini ne derecede kullandiklarinin
incelenmesi amaglanmistir. Bu amag dogrultusunda arastirma problemleri su sekilde belirlenmistir;

(i) Ogretmen adaylarinin kimyasal tepkimeleri denklestirme ve problemleri ¢6zme basarilari nasildir?
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(i) Ogretmen adaylarinin her bir karmasiklik seviyesindeki problemlerin ¢éziimiinde kullandiklari
orantisal muhakeme stratejileri nelerdir?
Yontem

Bu calismada 6gretmen adaylarinin farkl zorluk seviyelerindeki kimyasal tepkimelere iliskin problem
¢o6zimlerinin dogrulugu ve bu problemlerin ¢éziimiinde kullandiklari orantisal akil yliritme stratejilerinin
belirlenmesi amaglanmistir. Bu amagla nitel arastirma yontemlerinden batincil ¢oklu durum galismasi
kullanilmistir (Merriam, 2009; Yin, 2003). Ogretmen adaylarinin her bir seviyedeki stokiyometri
problemine iliskin ¢oziimleri birer durum ve bu ¢éziimlerin dogrulugu ve kullanilan orantisal akil ylritme
stratejileri analiz birimi olarak ele alinmigstir.

Calisma Grubu

Arastirmanin galisma grubu, bir devlet liniversitesinin egitim fakiltesinde tglnci sinifa devam eden
37 fen bilgisi 6gretmen adayindan olusmaktadir. Calisma grubunun belirlenmesinde amacgh érnekleme
kullanilmistir (Plano Clark & Creswell, 2015). Ugiincii sinifta 88renim gérmekte olan égretmen adaylari
daha o6nce aldiklari kimya derslerinde kimyasal tepkimeleri ve bu tepkimelerle ilgili problemleri nasil
¢ozeceklerini 6grenmislerdir. Bu nedenle stoyikometri problemlerini ¢ozebilmek icin gerekli kavramsal
ve islemsel bilgiye sahip olduklari disiincesiyle ¢calismanin katilimcilari olarak belirlenmistir. Calismaya
katilan 6gretmen adaylarinin yas araligi 20-28 arasinda olup katilimcilarin yas ortalamasi 22.56
(Ss=1.326) ve %32’si (f=12) erkek, geri kalan %68’i (f=25) ise bayandir.

Veri Toplama Araci

Arastirmada veri toplama araci olarak “Stokiyometri Problemlerine iliskin Tanilayict Form”
kullanilmistir. Alan yazin taramasi sonrasinda, 6gretmen adaylarinin kimyasal tepkimeler konusunda
problem ¢éziimlerinin dogrulugu ve orantisal muhakeme stratejilerinin belirlenmesi amaciyla Ramful ve
Narod (2014) tarafindan her bir karmasiklk seviyesi igin 6rnek olarak verilen ve toplamda yedi adet
sorudan olusan bir taslak form hazirlanmistir. Taslak formun Tiirkce'ye uyarlanmasi siirecinde belirtilen
sorularin bu arastirmanin baglami gbéz 6niine alinarak her bir karmasiklik seviyesini temsil edip
etmediklerinin belirlenmesi igin uzman gorlsi alinmistir. Alan uzmanlarindan 6lgme aracinin her bir
maddesinin ait oldugu iddia edilen karmasiklik seviyesine uygunlugunu “uygun”, “uygun degil” ve
“gelistirilmesi gerekir’ seceneklerini baz alarak degerlendirmeleri istenmistir. Uzman goruslerinden
gelen donitler dogrultusunda taslak formun Kendall'in Tau korelasyon katsayisi ,865 olarak
belirlenmistir.

Ayrica bu siiregte arastirmacilar 6lgek maddelerinde meydana gelebilecek eksik ve yanlis anlamalari
ortadan kaldirmak amaciyla iki 6gretmen adayi ile pilot bir uygulama yapmiglardir. Bu pilot uygulama
surecinde 6gretmen adaylarinin her bir soruyu sesli bir bicimde okumalari ve cevaplamalari istenmistir
(Bowles, 2010; Ericsson & Simon, 1998). Boylece arastirmacilarin ve 6gretmen adaylarinin soruyu ayni
sekilde anlamlandirip anlamlandirmadiginin belirlenmesi amaclanmistir. Ayrica, 6gretmen adaylarinin
her bir seviyedeki problemleri ¢ézme siirecinde dlsiince yapilarini ortaya koyabilmek amaciyla her bir
sorunun altina 6gretmen adaylarinin kullanabilmeleri i¢in bos bir alan birakilmistir. Ogretmen
adaylarinin soru g¢oziimlerini bu alana yapmalari ve bu siiregte sorunun ¢éziminde nasil bir yol
izlediklerini ve ¢oziimlerine iliskin gerekgelerini yazmalari ve agiklamalari istenmistir. Veri toplama
aracinin son hali Tablo 2’ de verilmistir. Kimyasal reaksiyonlarin denklestirilmeden verildigi Tablo 2’den
gorilebilir. Ogretmen adaylarinin problemleri dogru c¢dzebilmeleri igin ilk &nce reaksiyonlardaki
katsayilari denklestirmeleri gerekmektedir.

Tablo 2.
Stokiyometri Problemlerine iliskin Tanilayici Formda yer alan sorular
Seviye Soru
Asagidaki kimyasal tepkimeleri denklestiriniz. Tepkimeyi olusturan bilesikler arasinda nasil bir
1 oran oldugunu agiklayiniz.
1(a) Fe;O3( + CO(g) - > Fegy + COyp
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1(b) NaNj ---------- >Na+N,
Na + KNO3 ---------- > K,0 + Na,0 + N,
2(a) ZnS + 0, —--------- >Zn0 + SO,

388 gr ZnS bilesiginin artansiz bir sekilde tepkimeye girebilmesi icin kag litre oksijen gazina
ihtiyag vardir? Agiklayarak yaziniz. (Zn=65, S=32) (1 mol gaz = 22,4 litre)

2(b) NH; + Op ---------- >NO + H,0
2 (oo Fp— >NO,
NO; + 0y + Hy0 -----mmm- >HNO;

51 gr amonyak (NHj;) bilesiginin zincirleme bir sekilde yeterince oksijen (O,) ile tepkimeye
girmesi sonucunda kag gr nitrik asit (HNOj3) bilesigi olusur. Her bir yaptiginiz isleme iliskin
gerekgenizi yaziniz. (N=14, H=1, 0=16)

Na,CO;3 + HCl --------—- > NaCl + H,0 + CO,
Yogunlugu 0,4 mol/dm? olan sodyumkarbonat (Na,CO3) ¢ozeltisinin 20 cm¥iinin artansiz bir

3 sekilde tepkimeye girmesi icin yogunlugu 0,5 mol/dm?® olan hidroklorik asit (HCI) gozeltisinin
hacminin ne kadar olmasi gerekir? (H=1, Cl=35, Na=23, C=12, 0=16) (1 dm =10 cm)
1,05 + CO ---------- >CO, + 1,
Na,S,0;3 + I ---------- > Na,S,0¢ + Nal
4 Yogunlugu 0,1 mol/dm? olan sodyumtiyosdlfat (Na,S,03) ¢ozeltisinin 20 cm¥iinin yeterince
iyot (I,) ile tepkimeye girebilmesi icin ka¢ gram karbonmonoksit (CO) bilesigine ihtiya¢ vardir?
(1=127, S=32, Na=23, C=12, 0=16) (1 dm = 10 cm)
X(NO3), ----=--=- > X0 +NO, + 0,
5 X(NO3), bilesigi isitildiginda yukaridaki tepkime gerceklesmektedir. 5g X(NOjs), bilesiginin

1sitilmasi sonucunda toplam kitlenin 3,29 gram azaldigi gorilmektedir. Buna gore X metalinin
atomik kitlesini hesaplayiniz. (N=14, 0=16)

Verilerin Analizi

Elde edilen veriler i¢ asamada analiz edilmistir. Her bir karmasiklik seviyesine ait sorulardaki (i)
tepkimelerin dogru denklestirip denklestirilmedigi, (ii) ¢oziimlerin dogrulugu ve (iii) kullanilan orantisal
muhakeme stratejileri baz alinarak igerik analizi aracihgiyla veriler ¢éziimlenmistir. Ogretmen adaylarinin
her bir seviyedeki sorulardaki tepkimeleri dogru denklestirip denklestirmediginin analiz edilmesinin
ardindan ¢oziimlerinin dogrulugu “yanlis cevap”, “dogru cevap”, “cevap yok” ve “sadece tepkimeyi
denklestirme” temalarina gore incelenmis, frekans ve ylzdeleri hesaplanmistir. Cevaplarin dogru veya
yanlis olmasi goz ardi edilerek 6gretmen adaylarinin verdikleri tim cevaplarda kullandiklari orantisal
muhakeme stratejileri Cramer ve Post (1993) tarafindan ortaya konan (1) birim oran stratejisi, (2)
degisim carpani, (3) icler-dislar garpimi ve (4) denk kesir stratejilerine goére analiz edilmistir. Kullanilan
stratejilerin analizi esnasinda bazi 6gretmen adaylarinin ayni soruda birden fazla strateji kullandiklari
gorilmistir. Bu nedenle her bir soruda her bir stratejinin toplam ka¢ 6gretmen adayi tarafindan
kullanildiginin belirtilmesine karar verilmistir. Ogretmen adaylari orantisal akil yiriitme stratejilerinin
yani sira zincir kurali adini verdikleri kurali ya da m=de,n=% gibi formdlleri kullanarak da

problemleri ¢ozmuslerdir. Kullanilan stratejiler tablolastirilirken orantisal akil yiritme stratejileri ile
birlikte algoritmik yaklasim (zincir kurali) ve formiilsel yaklasim da dahil edilmistir. Ayrica her bir temaya
iliskin O0gretmen adayl cevaplarindan direkt alintilar yapilarak yapilan analiz 6rneklendirilmis ve
yorumlanmistir.

Arastirmacilar veri analizini birbirinden bagimsiz olarak gerceklestirmistir ve analiz slireci sonrasinda
elde ettikleri kod ve temalara dair yorum ve kisa notlarini birbirleri ile paylasmislardir. Yapilan
paylasimlar elde edilen bulgular tzerindeki benzerlik ve farkhliklari icermektedir. Her bir soru
seviyesinde elde edilen bulgular Gzerinde %100 uzlasi saglanincaya kadar arastirmacilar fikir alisverisine
devam etmislerdir (Miles & Huberman, 1994).
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Bulgular
Tepkimelerin denklestirilmesi ve problem ¢oziimlerine iligskin bulgular

Pek ¢ok arastirmaci (BouJaoude & Barakat, 2003; Hafsah et al.,, 2014; Staver & Jacks, 1988)
stokiyometri problemlerinin ¢6ziiminde kimyasal tepkimenin denklestirilmesi ve denklestirme sonucu
elde edilen matematiksel esitlikteki orantiiligin dogru kullaniimasinin 6nemine vurgu yapmistir. Bir
stokiyometri probleminin ¢ozimi igin gerekli ilk adim olmasi nedeniyle 6ncelikli olarak 6gretmen
adaylarinin sorularda verilen kimyasal tepkimeleri nasil denklestirdikleri incelenmistir. Sorularda yer alan
kimyasal tepkimelerin ne derecede dogru denklestirildigi ve problem ¢dziimlerinin ne derecede dogru
olduguna iliskin betimsel analiz sonuglari Tablo 3’te yer almaktadir.

Tablo 3.
Ogretmen adaylarinin denklestirdikleri kimyasal tepkimelerin ve problem ¢éziimlerinin dogruluguna
iliskin betimsel analiz sonuglari

1a 1b 2a 2b 3 4 5 Toplam
Dogru f 25 23 30 24 14 13 24 153
. | & % 67.57 62.16 81.08 64.86 37.84 35.14 64.86 59.07
t:lrlz‘rf::in Yanh f 8 12 7 13 18 13 6 77
P .. . ? % 21.62 3243 1892 35.14 48.65 3514 16.22 29.73
denklestirilmesi
Bo f 4 2 - - 5 11 7 29
3 % 10.81 5.41 - - 13.51 29.73 18.92 11.20
Dogru f - - 20 20 - 4 - 44
& % - - 74 74 - 10.81 - 23.78
vanl f - - 17 14 25 13 12 81
1
. ? % - - - 37.84 67.57 35.14 32.43 43.78
Problemin Sod ;
¢oziimii a .ece ' - - - 2 7 5 14 28
tepkimeyi %

- - - 5.41 1892 13,51 37.84 15.14

f - - - 1 5 15 11 32
% - - - 2.70 13,51 40.54 29.73 17.30

denklestirme

Bos

Tablo 3’e gore 6gretmen adaylarinin kimyasal tepkimelerin denklestiriimesinde basarili olduklari
sdylenebilir. Uglincii ve dérdiincii seviyedeki sorular harig diger sorularda verilen kimyasal tepkimeleri
dgretmen adaylarinin yarisindan fazlasi dogru denklestirmistir. Uglincii ve dérdiincii sorularda giren
dranlerin miktari hacim ve intensif bir birim olan yogunluk cinsinden verilmistir. Bu birimler kimyasal
tepkimenin nasil denklestirilmesi gerektigi noktasinda cok etkili olmasa da Ogretmen adaylarinin
tepkimeyi denklestirme performansini etkiledigi yorumu yapilabilir. Ogretmen adaylarinin biyiik
cogunlugunun problemi dogru ¢bézebilmek icin gerekli ilk adimi attiklari sdylenebilir. Ancak kimyasal
tepkimeleri dogru denklestiren 0gretmen adaylarinin problem ¢6ziiminde ise ayni basariy
gosteremedigi gorilmektedir. Problemlerin karmasikhk dizeyi arttikca 6gretmen adaylarinin soruyu
dogru cevaplama oraninda 6nemli 6l¢clide azalma meydana gelmistir. Hatta Uglincl ve besinci sorulari
dogru cevaplayan hicbir 6gretmen adayi ¢cikmamistir.

Ogretmen adaylarinin problem ¢dziim siirecinde sahip olduklari disiince yapilari 6nemlidir ve
kullandiklari stratejilerin diisiince yapilarinin agiga ¢ikmasini saglayacagi diisiiniilmektedir. Bu nedenle
her bir seviyedeki problemlere iliskin sonuglarin yani sira 6gretmen adaylarinin kullandiklari stratejiler de
incelenmis ve 6gretmen adaylarinin disiince sistemleri yorumlanmistir. Ancak birinci seviyeye ait
problemlerde 6gretmen adaylarinin yalnizca tepkimeyi denklestirmeleri istenmistir. Bu nedenle bu
problemlere dair ¢dziim stratejileri dgretmen adaylarinin cevaplarinda yer almamaktadir. Ogretmen
adaylarinin birinci seviyede yer alan tepkimeleri bilylik oranda dogru denklestirdikleri Tablo 3’ten
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gorilmektedir. Birinci seviyede yer alan problemlerde 6gretmen adaylarinin tepkimeleri denklestirirken
elementin yalniz olup olmamasina dikkat ettikleri ve oksijen ve hidrojeni en son esitlemek gerektigi
seklinde informal bir kurali benimsedikleri gérilmustir. Bu sekilde diigsiinen 6gretmen adaylarindan
birisi OA-5tir ve birinci soruya iliskin agiklamasi Sekil 1 ‘de yer almaktadir.

1(a) Fei0;) TiCOg) ===e=vnee 2Fe k) HCOyp
l“” = NaN; ---------- "\ 2N
(ONaHKNO:  -oeeee > K20 ANa0 +N;
|
-l.-)/ bifok 1 doattail i
Y < ¢ o T e (el { afak
“ ) oY A |
L % ‘'d A Je
Alo C\e ! \ 4
f e X ¢ .
denlleat ve ki ey b, \ onb ¢ " bt he le \
2(a) ZnS ~/ ) > 7n0 + S0, LAl LIC TOSS a0}

Sekil 1. OA-5’in birinci seviyedeki 1a ve 1b sorularina cevabi

ikinci seviyedeki probleme iliskin bulgular

Cokluklarin farkli birimlerde verildigi ve mole déniisimiin gerektigi ikinci seviyede iki farkli soru yer
almaktadir. Her iki soruda da tepkimeye giren iriin kiitle cinsinden verilmistir. Ogretmen adaylarindan
beklenen verilen kitlenin kag mole karsilik geldigini bularak katsayilar ile belirlenen mol oranlarini
kullanmalaridir. Ogretmen adaylarinin ikinci seviyedeki sorulara verdikleri cevaplara iliskin bulgular Tablo
4’te verilmistir.

Tablo 4.
Ogretmen adaylarinin ikinci soruya verdikleri cevaplara iliskin bulgular
c ] = >
s £ £z 3 % EE =
S ] Temalar ma 9 = t o £
&8 E &5 5 § 8% &
@ @ = a <>
2a Yanlig Cevap(f=17) 11 3 8 1 6 4
Dogru cevap (f=20) 18 9 8 - 11 5
2 Cevap yok(f=1) - - - R R
2b Sadece tepkimeyi denklestirme (f=2) - - - - - -
Yanlis cevap (f=14) 5 4 9 - 1 2
Dogru Cevap(f=20) 14 2 7 - 10 6

ikinci seviyede yer alan 2a sorusundaki tepkimeyi 30 dgretmen adayl dogru denklestirmistir. Bu
6gretmen adaylarindan 20’si ise soruyu dogru cevaplamistir. Dogru cevap veren 6gretmen adaylari en
cok birim oran (f=18) ve algoritmadan (f=11) faydalanmislardir. Yanhs cevaplayan 6gretmen adaylarinin
tepkimedeki katsayilarin temsil ettigi molar orani dogru kullanamadigi, algoritmayi yanhs yazdiklari veya
islem hatasi yaptiklari sonucuna ulasiimistir. Bu soruya dogru cevap veren dgretmen adaylarindan OA-
17'nin ikinci seviyedeki birinci soruya iliskin cevabi 6rnek olarak Sekil 2’de verilmistir.
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Sekil 2. OA-17’nin ikinci seviye birinci probleme iliskin cevabi

Ogretmen adaylarinin dncelikle kimyasal tepkime iizerinde giren ve driinler kisminda toplam atom
sayllarina bagl olarak tepkimeyi denklestirdigi gorilmektedir. Daha sonra kitle cinsinden verilen
bilesigin ka¢ mol oldugunu bulmus (birim oran) tepkime katsayilarini kullanarak degisim ¢arpani stratejisi

ile tim Griinlerin mol oranini bulmustur.
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Sekil 3. OA-10’un ikinci seviye birinci probleme iliskin cevabi

OA-10 tepkimenin denklestirilmesi ile elde edilen molar orani dogru bir bicimde
kullanamamistir. Tepkimenin hemen altina yazdigi mol oranlari dogru olsa da ZnS bilesiginin mol
sayisi olan dordl degisim garpani gibi algilamis ve tiim molleri dort ile garpmis ve yanlis cevaba
ulasmistir.

ikinci seviyedeki ikinci soruya iliskin bulgulara bakildiginda ise 1 8gretmen adayinin cevap vermedigi,
2 6gretmen adayinin ise sadece tepkimeyi denklestirdigi ancak soruyu cevaplamadiklari gérilmektedir.
Soruyu cevaplayan 6gretmen adaylarinin ise %54.05’i (f=20) dogru cevap, %37.83’U (f=14) ise yanhs
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cevap vermistir. Algoritmay! dogru kullanan 6gretmen adaylarinin ayni zamanda birim oran stratejisini
kullandiklari g6z 6nline alindiginda 6gretmen adaylarinin dogru cevaba ulasirken gogunlukla algoritmayi
kullandiklari sdylenebilir. Algoritmayi kullanan OA-11’in vermis oldugu cevaba iliskin alinti Sekil 4'te
verilmistir.

) Nty s >INO +3H,0
)
¥’
7 NO )03 -=--mmm- INO;
) NO; *?)0: ;0 e >JHNO;
A 1
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Sekil 4. OA-11’in ikinci seviyedeki ikinci probleme iliskin cevabi

Bu dizeydeki soruyu dogru cevaplayanlar incelendiginde ilk olarak her bir tepkimenin kendi
icerisinde denklestirildigi gdriilmektedir. Ogretmen adayi algoritmay! yazarken kiitle cinsinden verilen
NH; bilesiginin 1 molUnidn kag gram oldugundan ve denklestirilmis tepkimelerdeki mol oranlarinda
faydalandigi gorilmektedir. Yanlis cevaplayan 6gretmen adaylarinin mol oranlarini dogru bir bicimde
kullanamadiklari, mol oranlarini  kullanarak yanlis oranti  kurduklari ya da algoritmayi
tamamlayamadiklari goérilmustir. Bu soruda birbiri ile iligkili G¢ tepkime verilmesine ragmen bazi
O0gretmen adaylari her bir tepkime igin ayri bir oranti kurmus veya yine her bir tepkime igin ayri
algoritma yazmistir. Ayrica matematiksel bir esitlik ¢cdzliyormus gibi tepkimelerdeki girenler ve Uriinlerin
birbirini gotlirdliglint distntp ¢ kimyasal tepkimeden tek bir kimyasal tepkime elde eden ve ¢6zim
yapan 6gretmen adaylari da bulunmaktadir.

ANH A0y s 2NO +H,0
LNO (): ---------- >INO,
2ZNO; H/0; + HyO =ececeeaen SHNO

(B
%

”

Sekil 5. OA-6'nin ikinci seviyedeki ikinci probleme iliskin cevabi
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OA-6 tepkimeleri dogru denklestirmis ancak katsayilarin temsil ettigi molar orani kullanamamistir.
Tepkimeleri denklestirdikten sonra NH; ve HNOs'lin katsayilarini esit bulmusg ancak 3 mol NH; tepkimeye
girince 2 mol HNO; elde edilecegini belirtmistir. Ogretmen adayinin kimyasal tepkimelerdeki molar
orana iliskin kavram bilgisinin eksik oldugu sdylenebilir.

Uglincii seviyedeki probleme iliskin bulgular

Karmasiklik seviyesinin biraz daha arttigi ve intensif bir birimin kullanildigi Gglincli soruya 6gretmen
adaylarinin verdikleri cevaplara iliskin bulgular Tablo 5’te yer almaktadir.

Tablo 5.
Ogretmen adaylarinin iigiincii soruya verdikleri cevaplar

c - = X~ -
s 2 E ez £ § EE 3E
S S Temalar e 9 : T8 g =
& 5 E s & £ ST 5%
@ & e T a => &>

Cevap yok(f=5) - - - - R R

3 3 Sadece tepkimeyi denklestirme (f=7) - - - - -
Yanlig Cevap(f=25) 8 2 11 - 4 18

Hicbir 6gretmen adayi (ic numarali soruya dogru cevap verememistir. Bes (%13.51) 6gretmen aday!
cevap vermemeyi tercih etmis, yedi (%18.92) 6gretmen adayi tepkimeyi denklestirmis ancak problemin
¢OzUiminu bulamamis ve 25 (%67.57) 6gretmen adayi ise yanls cevap vermistir. Soruyu cevaplayan
dgretmen adaylar ¢ogunlukla formiilleri kullanmayi tercih etmistir. Uglincli soruda tepkimeye giren
Na,CO; ¢ozeltisinin hacmi ve yogunlugu verilmis ve tepkime sonucu ortaya ¢ikan ve yogunlugu verilen
HCl c¢ozeltisinin hacmi istenmistir. Her iki ¢ozeltinin de yogunlugu moI/dm3 cinsinden verilmistir.
Ogretmen adaylarn kiitle = yogunlukxhacim formilini kullanmiglardir.  Ancak bu soruda
yogunlukxhacim formiili kitle yerine ¢ézeltinin moliinii verecektir. Ogretmen adaylari ise ¢ogunlukla
bu ayrimi fark edememis ve hacim ve yogunlugun carpimi ile elde ettikleri sayilari kitle olarak algilamis
ve sonug olarak problemi dogru ¢ézememislerdir. Ogretmen adaylarinin bu soruda dogru sonuca
ulasamamalarinin bir baska nedeni ise dm® ve cm® birimleri arasindaki déniisimi dogru yapamamis
olmalaridir.

Nra f 5! ) 2y

Sekil 6. OA-11’in iiclincii seviyedeki probleme iliskin cevabi

0OA-11, Na,CO; ¢dzeltisinin yogunlugunu dogru yorumlamis ancak algoritmanin ilerleyen kisimlarinda
hacmi kullanmak yerine ¢ozeltilerin mol kitlelerine iliskin birim oranlari yazmistir. Baska bir deyisle,
algoritmasinda yogunluktan hacime gecis yapamamistir. OA-28 ise Na,CO; ¢ézeltisinin moliini dogru
bulmus ancak hacim yerine kiitleyi kullanmistir. Ogretmen adaylarinin kimyasal tepkime problemlerinde
cogunlukla kiitle ile islem yapmaya meyilli olduklari bu nedenle hacmi bir veri olarak basarili bir sekilde
kullanamadiklari séylenebilir.
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Sekil 7. OA-28’in Giglincii seviyedeki probleme iliskin cevabi

Dordiinci seviyedeki probleme iligkin bulgular

Birbirini takip eden iki kimyasal tepkimeden olusan ve madde miktarlarinin hacim cinsinden verildigi
doérdiincl seviyedeki soruya 6gretmen adaylarinin verdikleri cevaplara iliskin bulgular ise Tablo 6’da yer
almaktadir.

Tablo 6.
Ogretmen adaylarinin dérdiincii soruya verdikleri cevaplar

c - S & —
2 g g = © ETE QE
z = s £ © & EZ 232
S S Temalar wme P O x =8 £
& 5 E g5 5 © 9% EX
e g °% = & => &>
Cevap yok(f=15) - - - - - -
a Sadece tepkimeyi denklestirmis(f=5) - - - - - -
Yanlis cevap (f=13) 4 6 7 - 2 8
Dogru cevap(f=4) 4 - - 4 R

Tablo 6’ya gore 6gretmen adaylari cogunlukla bu soruya ya yanhs cevap (f=13, %35.14) vermis ya da
cevap vermemistir (f=15, %40.54). Yalnizca dort 68retmen adayi algoritmik yaklasimi kullanarak dogru
cevabi vermistir. OA-22’nin bu seviyedeki dogru cevabi Sekil 8’'de verilmistir.
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2 NapS;03 + [ -=---n---- > Na;S404 4)Nal
A A NODL i3k 5:h, Nilwo\ihs Dl n AN .
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Sekil 8. OA-22’nin dordiincii seviyedeki probleme iliskin cevabi
Problemin ¢6ziim siirecinde intensif degisken (20 cm’ Na,S,0;) olarak verilen birimin 6ncelikle mol
olarak karsiiginin bulunmasi gerekmektedir. Daha sonra her iki tepkimede ortak olarak verilen I,
elementinin mol sayilari Gzerinden CO bilesiginin mol miktarina ulagilmasi beklenmektedir. OA-22
algoritmik yaklasim ile ilk olarak Na,S,0;'Giin molini bulmus ve katsayilar arasindaki mol oranini
kullanarak dogru ¢6ziime ulasmistir.

Besinci seviyedeki probleme iliskin bulgular
En karmagsik seviye olarak belirlenen ¢okluklardan birinin bilinmedigi ya da bilinmeyen bir elementi
iceren besinci seviyedeki soru ile ilgili 6gretmen adayi cevaplarina iliskin bulgular Tablo 7'de verilmistir.

Tablo 7.
Ogretmen adaylarinin besinci soruya verdikleri cevaplar

c = = 3 —
g 2 £ Ez 3 § EE Z2E
S S Temalar 23 T = i8S 28
a8 £ %5 5 % 5% £3%
e & = &8 <> £%
Cevap yok(f=11) - - - - - -
5 5 Sadece tepkimeyi denklestirmig(f=14) - - - - -
Yanhs cevap (f=11) 2 1 1 - - 1

Besinci soruya hicbir 6gretmen aday! dogru cevap verememistir. Soruya cevap veren 11 6gretmen
aday! ise yanlis cevap vermistir. Ogretmen adaylar kimyasal tepkimeyi esitlemis olsa da maddeler
arasindaki mol oranini kullanmamislardir. Tepkimeye giren ve tepkimeden c¢ikan Grin miktarlarinin esit
olmasi gerektigi yani kiitlenin korunumu yasasindan faydalanmislardir. OA-7 bu yasayi kullanan bir
o6gretmen adayidir. Ancak bu 6gretmen adayl hem problemde verilen verileri kullanmamis hem de islem
hatasi yapmistir.

O X@IOg); ~=-=mmmn 2DXO +INO; + O

Sekil 9. OA-7'nin besinci seviyedeki probleme iliskin cevabi

Bu soruyu cevaplayan 6gretmen adaylarinin bir kismi ise tepkimenin sonunda azalan miktarin
tepkime sonucu ortaya ¢ikan gazlarin miktarini verecegi diistincesinden yola ¢ikmistir. Ancak bu sekilde
disltinen 6gretmen adaylarinin blydk bir kismi NO,'nin bir gaz oldugunu ayirt edememis ve azalan
katlenin O,'nin oldugunu belirtmislerdir (Sekil 10).
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Sekil 10. OA-21’in besinci seviyedeki probleme iliskin cevabi
Ogretmen adaylarinin bu problemi ¢ézmede basarisiz olduklari gériilmektedir. Ayrica bu problemde
dikkat ¢eken bir baska husus ise soruyu cevaplayan hicbir 6gretmen adayi algoritmadan faydalanmamis
Olmasidir. Bu bulgu literatiirde de (BouJaoude & Barakat, 2003; Frazer & Servant, 1986) belirtildigi gibi
sorular karmasiklastik¢a algoritmalari kullanma oranlarinin distiglinii gostermektedir.

Sonug, Tartisma ve Oneriler

Bu calismada stokiyometri problemleri icin olusturulmus karmasiklik seviyeleri gz 6niine alinarak 37
o6gretmen adayinin stokiyometri problemlerinin ¢6ziimiindeki basarisi ve problemlerin ¢6ziimiinde
kullandiklari orantisal muhakeme stratejilerinin incelenmesi amaglanmistir. Kimyasal bir tepkimeyi
esitlemek ve elde edilen katsayilari dogru kullanmak (Gulacar et al., 2013; Hafsah et al., 2014; Wagner,
2001; Yarroch, 1985) ve orantisal muhakeme becerilerinden faydalanmak (Akatugba & Wallace, 1999;
Harel et al., 1992; Mitchell & Lawson, 1988) stokiyometri problemlerinin ¢6ziiminde basariya
ulastirmaktadir. Bu noktalar gbz online alinarak, 6gretmen adaylarinin yedi agik uclu soruya verdikleri
cevaplar li¢ adimda incelenmistir. ilk adim 6gretmen adaylarinin kimyasal tepkimeleri dogru denklestirip
denklestirmediklerinin gozden gegirilmesi, ikinci adim ¢dzimlerin dogrulugu ve son adim ise ¢dzim
yolunda kullandiklari stratejiler idi.

Kimyasal bir tepkimenin dogru denklestirilmesi Urlinler ve g¢iktilar arasindaki mol oraninin dogru
belirlenmesi ve her bir kimyasal maddenin molinin ayri ayri belirlenmesi igin ilk adimdir (Hafsah et al.,
2014). Bu ¢alismaya katilan 6gretmen adaylarinin blylk ¢ogunlugu madde miktarlarinin hacim cinsinden
verildigi G¢ ve dordinctu sorular haricindeki kimyasal tepkimeleri dogru denklestirmislerdir.
Konsantrasyon, kitle, hacim gibi farkh kimyasal nicelikler karmasikliga neden olabilmektedir (Case &
Fraser, 1999). Katilimcilarin hacim cinsinden niceliklerin verildigi bu sorularda kafalarinin karistigi ve bu
onyargidan dolayi tepkimeleri dogru denklestiremedikleri dusiinilmektedir.

Tepkimeleri dogru denklestiren 6gretmen adaylar elde ettikleri bu matematiksel esitlikteki oranlari
dogru yorumladiktan sonra ister orantisal muhakeme isterseler algoritmalar araciligiyla dogru sonuca
ulasabilirler (Boulaoude & Barakat, 2003). Ogretmen adaylarinin bir kimyasal tepkime problemini
¢6zmenin ilk adimi olarak ele alinabilecek tepkimeleri denklestirme basari ylizdeleri %59 iken dogru
cevaba ulagsma ylzdeleri %23.78 olarak bulunmustur (Tablo 3). Bu sonug¢ Ogretmen adaylarinin
tepkimelerde yer alan maddeler arasindaki mol oranlarina dair kavram eksikliklerinin olabilecegi seklinde
yorumlanabilir (Case & Fraser, 1999; Dahsah & Coll, 2008). Problemlerin karmasiklk seviyesi arttik¢a
o6gretmen adaylarinin problemleri dogru ¢ézme oranlarinin azaldigi gorilmistlr. Benzer sekilde alan
yazinda da (Boulaoude & Barakat, 2003; Gulacar, 2007; Schmidt & lJigneus, 2003) 0Ogrencilerin
stokiyometri problemlerinin ¢6ziimiinde gliclik yasadiklari ve oOzellikle karmasik olan problemleri
¢ozemedikleri sonucuna ulasiimistir.

Ogretmen adaylarinin stokiyometri problemlerinde kullandiklari stratejiler incelendiginde ise
cogunlukla algoritmalart kullandiklari gériilmektedir. Ogrencilerin  stokiyometri problemlerinin
¢6ziminde algoritmalara olduk¢a cok guivendikleri bilinmektedir (Huddle & Pillay, 1996; Ramful &
Narod, 2014; Schmidt & Jignéus, 2003). Orantisal muhakeme araciligiyla problemleri ¢6zen 6gretmen
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adaylari ise birim oran ve igler-dislar carpimini kullanmislardir. Ogretmen adaylarn kullandiklari
algoritmayi anlamlandirmak yerine ezberlemis olabilirler (Frazer & Servant, 1986) bu nedenle de
karmasiklik seviyesi arttikga dogru cevabi verme orani dismdistir (Boulaoude & Barakat, 2003).
Ogrencilerin kendilerine kolay gelen ve en c¢ok asina olduklar ydntemleri kullandiklari gdz éniine
alindiginda (Wagner, 2001) katilimci 6gretmen adaylarinin orantisal muhakeme becerilerini kullanarak
stokiyometri problemlerini ¢dzme konusunda kendilerini rahat hissetmediklerini gostermektedir.
Ogretmen adaylarinin biiyiik kisminin gegmiste stokiyometri problemlerinin ¢dziimiinii algoritma yoluyla
6grenmis olmalari nigin rahatsiz hissettiklerini de agiklayabilir.

Ogretmen adaylarinin kimyasal tepkimelere iliskin problemlerin ¢éziimiinde orantisal muhakeme
becerilerini kullanamamasinin sebebi olarak matematiksel bilgi birikimlerinin eksikligi ve kimyasal
problemlerin karmasikhigina bagl olarak matematiksel bilginin transfer edilememesi gosterilebilir
(Hoban, 2011). Akatugba ve Wallace (1999) fizik problemlerinde 6grencilerin orantisal muhakemeyi
kullanmama nedenlerini problemin ¢6ziimiinde orantisal muhakeme kullanilabileceginin farkinda
olmama, orantinin yalnizca bir matematik konusu olarak gérilmesinden dolayi fizik konulari ile arasinda
bir baglanti kurulamamasi ve alisilmis yontemleri (algoritma vb.) kullanma olarak belirlemislerdir.
Benzer durumun bu ¢alisma igin de gegerli oldugu disiiniilmektedir. Ogretmen adaylari alismis olduklari
ve kendilerine daha kolay ve kisa gelen formiilsel yaklasimi kullanmaya meyilli olduklarindan (Agudela-
Valderrama & Martinez, 2016) orantisal muhakeme stratejilerini kullanarak problemleri ¢6zebileceklerini
diisinmemis olabilirler. Buradan yola ¢ikarak fen egitimcilerin icinde matematiksel ifadeler barindiran
kavramlari 6gretirken veya bu kavramlarla ilgili sorular ¢6zerken bahsi gecen matematiksel ifadeye vurgu
yapmalari 6gretmen adaylarinin matematik ve fen bilimleri arasindaki karsilikli iliskiyi gérmelerine
yardimci olacaktir. Ogretmen adaylarinin dgrendikleri sekilde 6gretecekleri de gbz 6niine alindiginda
(Niess, 2005) fen bilimleri 6gretmenlerinin egitiminde matematik ve fen bilimlerinin birbiri ile
iliskilendirilerek ele alinmasi biyik 6nem tasimaktadir ve bu iliskilendirme kavramsal degisimi de
destekleyecektir (Agudela-Valderrama & Martinez, 2016).

Stokiyometri problemlerinin ¢ézimiinde karsilagilan gigliik ve eksiklerinin belirlenmesi dnemlidir
(Gulacar et al., 2013) ¢lnki bu gigliikler, problemlerin anlasiimasini ve ¢éziilmesini gliclendirmektedir
(Boulaoude & Barakat, 2003; Nyachwaya, Warfa, Roehrig, & Schneiderd, 2014). Katilimci 6gretmen
adaylarinin dogru denklestirdikleri tepkimelerdeki katsayilari dogru kullanamadiklari bu nedenle de
orantilari yanlis kurduklari veya ¢dziim algoritmalarini yanhs yazdiklar gérilmistir. Ogretmen adaylari
tepkimelerdeki katsayilarin 6nemini anlamamis olabilirler (Hafsah et al., 2014). Katsayilarin 6nemini
anlamamis olmalari, maddelerin miktari mol disindaki birimlerle (kiitle, hacim, yogunluk vb.) verildigi
zaman mol oranlarini kullanamamalarina neden olmus olabilir. Ogretmen adaylarinin stokiyometri
problemlerinin ¢ézerken zorlandiklari bir baska konu ise; birimleri yorumlama ve dénustirmedir (Furio
et al., 2002). Mol/dm3 cinsinden verilmis bir yogunlukla hacmi ¢arparak maddenin mol miktari yerine
kitleyi bulduklarini diisinmislerdir. Ayrica dm? ve cm’ arasindaki doénltsimi ise pek cok 6gretmen adayi
dogru yapamamistir. Benzer sekilde Aydin (2011) ve Birinci Konur ve Pirasa (2010) da 6gretmen
adaylarinin birim dénusimlerinde gliglik yasadiklarini belirtmiglerdir.

Bu arastirmadan elde edilen bulgular 1siginda 6gretmen adaylarinin kimyasal tepkimelere iliskin
kavram bilgisi eksikliginin ¢6zim vyollari ne olursa olsun dogru sonuca ulasmalarini engelledigi
soylenebilir.  Bu nedenle egitimcilerin 6ncelikle kimyasal tepkimelerin altinda yatan kavram ve
tanimlarin lzerinde dikkatle durmalari ve problem c¢o6ziimlerine algoritmalardan o6nce orantisal
muhakeme iceren ¢6ziim yollariyla baslamalari glgliklerin giderilmesini saglayabilir. Ayrica, herhangi bir
kimyasal kavram icermeyen oran-oranti alistirmalari 6grencilerin orantiyi anlamlandirmalarina ve
kimyasal tepkimeler ile iliskilendirmelerine yardimci olabilir. Cramer ve Post (1993) nitel kiyaslamanin
(belirli sayisal degerlere bagli olmadan daha giiclii/zayif veya esit seklinde kiyaslama yapmak) oranti
kavramini anlamlandirmayi tesvik ettigini belirtmektedir. Kimyasal hesaplamalara baslamadan 6nce nitel
kiyaslama yapilmasi da 6gretmen adaylarini formilsel yaklasim disindaki stratejileri kullanma konusunda
da destekleyebilir.
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*Bu calismanin verileri Kirsehir Ahi Evran Universitesi Bilimsel Arastirma Projeleri (BAP) birimi
tarafindan desteklenen “Kimyasal Tepkimeler Konusunda Fen Bilimleri O§retmen Adaylarinin Orantisal
Akil Yiiriitme Becerilerinin incelenmesi” (EGT.A4.18.027) isimli proje kapsaminda toplanmistir.
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