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Ortaokul Matematik Ogretmen Adaylarinin Belirli integral ve Belirsiz
integral Tanimlamalari

Makale Bilgisi 0z

DOI: 10.14812/cufej. 745658 Ara§t|rmaC|.Iar analizin matematik, maFgmatik ?éitimi ve't.iié.er .(.iiusiplin.lert'ieki 6nemini
ve bu dersin temel kavramlarindan biri olan integrale iliskin 6grencilerin kavramsal

Makale Gegmisi: anlamalarinin gelistirilmesi gerektigini vurgulamaktadir. Bu nedenle, bu g¢alismanin

Gelis 30.05.20 amaci, ortaokul matematik 6gretmen adaylarinin belirli integrali ve belirsiz integrali

Duzeltme 17.03.21 nasil tanimladiklarini ve ayrica belirli integral ve belirsiz integral arasindaki iliskiyi ne

Kabul 05.08.21 derece ifade edebildiklerini arastirmaktir. Bu amagla, 173 ortaokul matematik

6gretmen adayindan Ug soruyu cevaplamalari istenmistir. Elde edilen bulgulara gore,

ortaokul matematik 6gretmen adaylari hem belirli hem de belirsiz integrali tanimlarken
benzer kavramlara deginmektedir. Bu kavramlar sinir, notasyon, matematiksel formiil,
ornek verme, alan, hacim, ters tirev, hesaplama slreci, sonucun yapisi (sayi,
fonksiyon, cebirsel ifade veya bilinmeyen) ve c sabiti olarak siniflandirilmistir. Ayrica

Anahtar Kelimeler:
Belirli integral,
Belirsiz integral,

Analiz
Ortaokul matematik 5gretmeni her bir integral tiri icin en ¢ok bahsedilen kavramin sinir oldugu gérilmustir. Ancak,
adayi katilimcilarin azinhiginin cevaplarinda belirli integral ve belirsiz integral arasindaki

iliskiye dair ifadeler bulunmustur.

Introduction

Studies regarding mathematics education at the undergraduate level, particularly related to calculus
course, have been increased throughout the last decades (Bezuidenhout, 1998; Jones, 2013; Park, 2015;
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2016). Calculus is a complicated and fundamental area within mathematics (Hall, 2010; Orton, 1983). It
is also a central mathematics course since it constitutes a basis for the following advanced mathematics
courses (Liu, 2009; Mabhir, 2009; Nasari, 2008). In calculus course, students are expected to develop both
conceptual and procedural understanding (Bezuidenhout, 2001), represent concepts graphically,
numerically, and algebraically (Berry & Nyman, 2003), and move between different representations
(Goerdt, 2007). The main purpose of calculus instruction is to change students’ conceptual knowledge in
a way that their prior understandings and beliefs approach to the knowledge of an expert (Pyzdrowski et
al., 2013). Moreover, in teaching calculus, students’ awareness of the connection between concepts
should be taken into consideration (Yerushalmy & Swidan, 2012). Regarding the process of successive
abstraction, Skemp (1986) stated that “if a particular level is imperfectly understood, everything from
then on in peril. This dependency is probably greater in mathematics than in any other subject” (p.20).
In calculus course, concepts are not independent and they are built on previous ones (Mahir, 2009; Park,
2015). For example, learning derivative is difficult for students since they need to understand some
other concepts such as function and limit accurately before derivative (Park, 2015). Similarly, to be able
to understand integral, students should first understand some concepts such as limit and derivative.

Studies conducted so far showed that there is a gap between students’ actual learning from calculus
course and what they should learn. Moreover, students’ comprehension of routine procedures in
calculus, which is generally related to memorization, is misinterpreted as conceptual understanding
(Grundmeier, Hansen, & Sousa, 2006). Similarly, students accept calculations as the fundamental
outcome of calculus and generally focus on calculations through calculus course which might lead to a
lack of conceptual understanding (Aspinwell & Miller, 1997). As expected, according to the findings of
related studies, most of the students do not understand fundamental concepts of calculus properly and
focus on routine procedures by memorization (Bezuidenhout, 1998; Bezuidenhout, 2001; Ferrini-Mundy
& Graham, 1991; Nasari, 2008; Oberg, 2000).

According to the review of the literature, researchers have studied calculus concepts by focusing on
various aspects such as learning and teaching of calculus, representations, integration of technology,
students’ understanding, concept definitions, concept images, misconceptions, and mistakes regarding
concepts of calculus. It was also noticed that studies were conducted based on particular concepts of
calculus. For example, the concepts of calculus mostly studied by researchers are functions (e.g., Vinner,
1983; Vinner & Dreyfus, 1989), limit (e.g., Bezuidenhout, 2001), continuity (e.g., Bezuidenhout, 2001;
Tall & Vinner, 1981), derivative (e.g., Park, 2015), and integral (e.g., Grundmeier et al., 2006; Rasslan &
Tall, 2002; Saglam, 2011). Although derivative and integral should be studied to enlighten students’
understanding of calculus course, it was noticed that limit was the highly investigated concept (Jones,
2013). In this respect, the present study seeks to contribute to the body of knowledge about integral.

Integral is an important concept not only for pure mathematics such as calculus and complex
analysis but also for other disciplines such as physics and economics (Jones, Lim, & Chandler, 2017;
Yerushalmy & Swidan, 2012). Despite the importance of integral in calculus course, research showed
that integral is one of the concepts in which students generally have difficulty (Bezuidenhout & Olivier,
2000; Jones, 2013; Oberg, 2000; Rasslan & Tall, 2002). Students accept integral as “the opposite of
differentiation” and consider integral techniques as “little more than a bag of tricks” (Berry & Nyman,
2003, p.482). According to the review of related literature, there are studies focusing on particular parts
of integral such as definite integral (e.g., Oberg, 2000; McGee & Martinez-Planell, 2014) and indefinite
integral (e.g., Swidan & Naftaliev, 2019; Swidan & Yerushalmy, 2014) or focusing on integral from a
broader perspective (e.g., Orton, 1983; Saglam, 2011). In the present study, definite integral, indefinite
integral, and the relation between them are the issues focused on.

Definite Integral

Definite integral is an essential and important subject for students while learning integral (Jones et
al., 2017; Rasslan & Tall, 2002) so that students’ understanding of it is critical. In addition to conducting
routine procedures or calculations related to definite integral, students are also expected to understand
what definite integral is. The definition of Stewart (2010, p.343) for a definite integral mentions interval,
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bounds, notation, and the relation between area and definite integral. Similarly, Thomas, Weir, Hass,
and Giordano (2005) also focused on Riemann sums in defining definite integral. Definite integral was
generally associated with finding the area under a curve (Hall, 2010). According to Oberg (2000), definite
integral might be explained by relating to computation, area, accumulation or summation, total change
between x=a and x=b, function, and an abstract object. Similarly, Rasslan and Tall (2002) categorized
definite integral explanation of final year high school students under five themes, which are the area
between graph and x-axis, calculation procedure, giving examples, incorrect answer, and no answer.

It was reported in the studies that students have difficulties regarding definite integral (Grundmeier
et al., 2006; Oberg, 2000; Rasslan & Tall, 2002). For example, students do not have the necessary
conceptual understanding in some concepts such as area-integral relation, the meaning of sum of areas
in terms of integral, the definition of definite integral, and the Fundamental Theorem of Calculus (Hall,
2010; Mahir, 2009; Rasslan & Tall, 2002). Attorps, Bjork, and Radic (2013) stated some aspects for
teaching definite integral effectively. For instance, students should not relate definite integral to area
only, they also should look from a wider perspective and see it as a real number which is the output of a
limit process. By this way, they can accept definite integral as not only a positive number but also zero
or a negative number. Moreover, it was seen that students’ concept images of definite integral are
mostly related to area. To change this situation, textbooks might be revised since they generally
emphasize the area aspect.

Indefinite Integral

Similar to definite integral, students are also expected to comprehend the notion of indefinite
integral. The conceptualization of indefinite integral has a critical role in associating definite integral
with derivative (Swidan & Yerushalmy, 2014). Thomas et al. (2005) stated the following definition of
indefinite integral; “The set of all antiderivatives of f is the indefinite integral of f with respect to x,
denoted by | f (x)dx” (p.312). In other words, an indefinite integral [ f(x)dx refers to a particular
antiderivative of f or a family of antiderivatives in which each member differs by an arbitrary constant
(Stewart, 2010; Swidan & Yerushalmy, 2014). The mentioned constant is generally represented with the
letter c.

Despite the importance of the indefinite integral in developing relational understanding of concepts,
Hall (2010) mentioned the scarcity of studies conducted about students’ understanding of indefinite
integral. For example, Metaxas (2007) examined first-year mathematics students’ understanding of
indefinite integral and reported that their interpretation of indefinite integral were generally procedural
and there were some points in which students have difficulty. Moreover, Hall (2010) asked students of
an introductory calculus course to define definite integral and indefinite integral. According to the
results of the study, students’ responses concerning indefinite integral were coded under four headings,
which are antiderivative, area, generality, and other. The categories area, generality, and other also
appeared in the analysis of definite integral. Hall (2010) also pointed out that definite integral is more
precise and indefinite integral is vague for students.

The Fundamental Theorem of Calculus

The Fundamental Theorem of Calculus is accepted as the central theorem in integral calculus since it
forms a connection between differentiation and integration and offers a way to calculate integrals via
using the antiderivative of the integrand instead of finding the limit of Riemann sums (Stewart, 2010;
Thomas et al., 2005). Moreover, it demonstrates the relation between definite and indefinite integral
(Adams & Essex, 2010). However, Attorps et al. (2013) stated that undergraduate students have
difficulty in the application of the Fundamental Theorem of Calculus when its assumptions are not
verified.

The Fundamental Theorem of Calculus is explained in two parts in the textbook of Thomas et al.
(2005) as follows:
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The Fundamental Theorem of Calculus Part 1

X
If f is continuous on [ab] then F(x)=| f (t)dt is continuous on [ab] and differentiable on (a,b) and
a
its derivative is f(x);

F '(x):%}( f(t)dt=f (x) (p.358)
a

The Fundamental Theorem of Calculus Part 2
If f is continuous at every point of [a,b} and F is any antiderivative of f on [a,b] , then

tf f (x)dx=F (b)-F (a) (p.361)
a

As seen, the first part of the theorem is about the derivative of an integral and presents how to
differentiate a definite integral by considering its upper limit. Moreover, the second part of the theorem
is about the integral of a derivative and explains a way to calculate integral when an antiderivative of
the integrand can be found (Adams & Essex, 2010). The relation between definite integral and indefinite
integral in accordance with the Fundamental Theorem of Calculus is among the issues focused in the
present study.

Rationale of the Study

The review of the related literature presented that students have difficulty in integral (Jones, 2013;
Mahir, 2009; Oberg, 2000; Orton, 1983). For instance, Orton (1983) investigated whether calculus
students who can conduct integral procedures properly also have a conceptual understanding related to
integral and stated that students had many critical difficulties. One of the main difficulties of students
was related to the interpretation of integral as the limit of sums. Similarly, Grundmeier et al. (2006)
examined calculus students’ understanding of integral by considering five criteria; interpreting the
meaning of integration verbally, representing integrals graphically, defining integral with symbols,
evaluating integrals, and relating integral application to the real world. At the end of the study,
Grundmeier et al. (2006) reported that the participants have deficiencies in concept definitions and
concept images of integration although they are good at the calculation process of integral. Moreover,
Orton (1983) stressed that “rules without reasons cannot be justified” (p.10). Therefore, students should
be aware of the meaning of integral concept before being competent at integration techniques.

The reason behind students’ deficiencies might be that they are unable to form concrete meaning via
interpreting formal definitions (Ozdemir, 2017). Students’ deficiencies regarding interpreting the
definitions and understanding the meanings of definite integral and indefinite integral might lead them
to have misconceptions about integral in further applications of calculus (Grundmeier et al., 2006). To
determine the points which students have lack of conceptual understanding is an important step for
structuring further teaching (Mahir, 2009). Similarly, to understand how students perceive a concept
such as integration can be considered as an effective step for instructors to help students to overcome
issues they faced through their undergraduate education. By this way, instructors might frame their
teaching depending on the students’ prior knowledge, determine possible misconceptions of students,
and prepare some methods to overcome these misconceptions in particular concepts (Hall, 2010).
Therefore, how pre-service mathematics teachers explain definite integral and indefinite integral was
framed as one of the purposes of this study.

It is important to highlight the fact that students should be competent at concepts of calculus and
the proper applications of them (Mahir, 2009). Since integral is considered as one of the essential
concepts for the following mathematics courses, pre-service mathematics teachers should learn integral
concept properly. Moreover, since definite integral and indefinite integral have similar points and
students may transfer some notions of indefinite integral to definite integral incorrectly (Oberg, 2000),
how students see the relation between them and detecting incorrect interpretation of them should be
taken into consideration by instructors. In this respect, this study also sought to examine to what extent
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pre-service middle school mathematics teachers can state the relation between definite integral and
indefinite integral.

As Oberg (2000) stated, instructors of calculus course should know the importance of undergraduate
students’ conceptualization of integral. Since this study was conducted with pre-service teachers at all
levels in the program, it can be stated that this study might be helpful for instructors of calculus course
by presenting a portrait of how students at the collegiate level understand the notions of definite
integral and indefinite integral. Then, instructors might prepare more effective methods in teaching and
improve classroom practices in conjunction with integral concept.

By considering these issues, the first purpose of the present study is to investigate how pre-service
mathematics teachers describe definite integral and indefinite integral. Another purpose of the study is
to examine to what extent they can explain the relation between them. To this end, the study aims to
address the following research questions;

1. Which concepts do pre-service middle school mathematics teachers focus on when describing and
explaining definite integral and indefinite integral?

2. To what extent do pre-service middle school mathematics teachers explain the relation between
definite integral and indefinite integral?

Method
Research Design, Participants and the Context of the Study

In this study, a cross-sectional survey was used to investigate the research questions. The
participants of this study were determined by convenience sampling as 173 pre-service middle school
mathematics teachers in Elementary Mathematics Teacher Education program in a state university
located in Ankara, Turkey. Among 173 pre-service teachers, 149 of them (86.1%) were female and 24 of
them (13.9%) were male. Based on the year level, 25 of them (14.5%) were freshmen, 57 of them
(32.9%) were sophomores, 51 of them (29.5%) were juniors, and 40 of them (23.1%) were seniors. As
seen, the number of freshman pre-service middle school mathematics teachers was the least since they
did not volunteer to participate in this study. The reasons for their unwillingness to participate were that
they took only General Mathematics course as an undergraduate mathematics course during data
collection of this study, this course does not involve integral concept, and they did not remember
integral from high school mathematics course properly. On the other hand, only a few students in other
year levels did not volunteer to participate. The reason for this situation might be that they have already
taken Calculus | course which covers integral concept at the time of the data collection. Therefore,
freshman pre-service teachers’ participation in the current study has a lower percentage compared to
other year levels.

In Turkey, Elementary Mathematics Teacher Education program is a four-year bachelor’s degree
program. The ones who graduated from this program can be employed as teachers in the mathematics
course from 5th to 8th grades. Moreover, students in this program generally work on integral
throughout Calculus | and Calculus Il courses which are offered in the third and fourth semesters. The
integral concept is also seen in the content of the courses Calculus Ill and Differential Equations.
Moreover, in Turkey, some calculus concepts such as functions, limit, continuity, derivative, and integral
are covered in the mathematics course of high school. According to the secondary school mathematics
curriculum in Turkey (Ministry of National Education, MoNE, 2013), students in the 12" grade start to
work on integral.

Data Collection Process

The purposes of this study were to investigate the concepts that pre-service middle school
mathematics teachers mention while describing definite integral and indefinite integral and whether
they were aware of the relation between them. For these purposes, three open-ended questions were
prepared by reviewing the related literature (Adams & Essex, 2010; Hall, 2010; Orton, 1983; Stewart,
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2010; Thomas et al., 2010). In the pilot study, two pre-service middle school mathematics teachers from
each year level in the teacher education program participated. In more detail, they were first asked to
write their answers to questions. After that, they were also asked to criticize questions whether it is
clear or not and then think aloud and discuss questions in pairs. According to the feedbacks of the pilot
study, the final version of the questions was prepared for the actual administration. Question 1 (Q1)
asks pre-service teachers to describe and explain definite integral, Question 2 (Q2) asks them to
describe and explain indefinite integral, and Question 3 (Q3) asks them to explain the relation between
indefinite integral and definite integral. By means of Q1 and Q2, it was aimed to address the first
research question. More precisely, the concepts that the participants considered while describing
indefinite integral and definite integral were examined via their responses to these questions. Since it is
difficult to deduce how the participants relate indefinite integral and definite integral from their
descriptions in Q1 and Q2, another question was asked to direct them to think about relation
particularly. Thus, to address the second research question, Q3 was employed.

Data Analysis

In data analysis, thematic analysis framework stated by Braun and Clarke (2006) was used and the
findings were presented via frequencies and percentages. By following the six phases of thematic
analysis which are listed as “familiarizing yourself with the data, generating initial codes, searching for
themes, reviewing themes, defining and naming themes, and producing the report” (Braun & Clarke,
2006, p.87), participants’ responses to three questions were analyzed. Moreover, pre-service teachers’
responses were firstly analyzed by researchers and codes were prepared. Then, all responses were
coded by a graduate student in mathematics education. After coding, they checked the matched codes
and determined the different codes together. It was observed that the majority of the codes were
matching. Finally, all coders discussed these unmatched situations and reached a consensus for all
coding.

Findings
As mentioned, in Q1 and Q2, pre-service middle school mathematics teachers are asked to describe
and explain definite integral and indefinite integral, respectively. Their responses were analyzed and

codes were formed by focusing on the concepts they mentioned. In Table 1, the concepts reached at the
end of the analysis are presented.

Table 1.

The Frequencies of the Concepts Mentioned related to Definite and Indefinite Integral

Concepts Definite Integral Indefinite Integral
No answer - 5(2.9%)
Bound 160 (92.5 %) 130 (75.1 %)
Notation 70 (40.5 %) 56 (32.4 %)
Area 54 (31.2 %) 22 (12.7 %)
Example 30(17.3 %) 23 (13.3 %)
Mathematical formulas 13 (7.5 %) 11 (6.4 %)
Calculation process 16 (9.2 %) 5(2.9 %)
Antiderivative 8 (4.6 %) 14 (8.1 %)
Volume 9 (5.2 %) 3(1.7 %)
Result is a number 16 (9.2 %) -
Result is a function or algebraic expression or unknown - 23 (13.3 %)
Absence of the constant c 3(1.7 %) -
Existence of the constant ¢ 1(0.6 %) 27 (15.6 %)

According to Table 1, all participants in the present study wrote a response for Q1, but 5 of them (2.9
%) did not answer Q2. Moreover, the concepts mentioned in both definite integral and indefinite
integral are considerably similar. As related to both definite and definite integral, bound has the highest
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percentage. While 160 pre-service teachers (92.5 %) stated that there are bounds and limits while
describing definite integral in Q1, 130 pre-service teachers (75.1 %) expressed the absence of bound for
indefinite integral in Q2. For example, the response of participant 9 to Q1 and the response of
participant 106 to Q2 were given.

Response of participant 9 (freshman) to Q1:
Definite integral has a lower bound and an upper bound.

b

| f(x)dx The letters a and b correspond to particular numbers.

a

Response of participant 106 (junior) to Q2:

In indefinite integral, the lower and upper bounds are not known. There is not any boundary. [eXdx

can be stated as an example of this type of integral.
At this point, these examples can be helpful to make the coding process clearer. The response of
participant 9 was coded for two concepts in Table 1, which are bound and notation, since this

participant both stated about bound and notation regarding definite integral. Similarly, the response of
participant 106 was coded for both bound and example categories in Table 1. This participant was not

coded in the notation category since she preferred to give an example [eXdx instead of writing simply
the notation [f(x)dx or | for indefinite integral. Thus, in data analysis, a response was coded for more
than one category if related concepts exist in the response since these categories are not mutually
exclusive.

As seen from Table 1, the notion which has the second highest percentage in the responses was
notation of the definite integral and indefinite integral. While describing definite integral, 70 of them

(40.5 %) gave the notation. Similarly, 56 of them (32.4 %) wrote the notation of indefinite integral. For
example, participant 107 wrote the notation while explaining both definite and indefinite integral.

Response of participant 107 (junior) to Q1:

b
Itis represented as | f(x)dx. The bounds of it are a and b.
a

Response of participant 107 (junior) to Q2:
It is represented as [ f(x)dx. It does not have particular values as bounds.

Area concept has the third highest percentage in the responses to both questions. Among 173 pre-
service teachers, 54 students (31.2 %) mentioned the area in Q1 and 22 students (12.7 %) wrote about
the area in Q2. As examples, the response of participant 167 to Q1 and the response of participant 4 to
Q2 were given below.

Response of participant 167 (junior) to Q1:
It is used to find the area under a function when lower and upper bounds are given.

A b
A 7 A= Px) dx

-
b

Response of participant 4 (freshman) to Q2:
The bounds are unknown. Thus, area cannot be calculated.
Its form is [ f (x)dx.
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The area concept in the responses to indefinite integral is three-faceted. That is, in addition to the
responses such as the one given above which is stating the impossibility of calculating area, some pre-
service teachers wrote about area calculation in an infinite manner or wrote only the word area without
stating the reasoning behind it. To give examples for the second type, the responses of participants 16
and 147 were presented below.

Response of participant 16 (freshman) to Q2:
To find area which does not have a particular bound.

Response of participant 147 (junior) to Q2:
Calculation of an infinite area. The result is a function.

Some pre-service teachers preferred to give examples in their answers. In Q1, 30 of them (17.3 %)
wrote an example and 23 of them (13.3 %) gave an example in Q2. For example, participants 60 and 76
stated an example while explaining definite integral and indefinite integral respectively.

Response of participant 60 (sophomore) to Q1:
We know the limits of the integral.

2
For example, [xdxis a definite integral. We find the result by writing firstly 2 and then 0 for the x
0

value. We use definite integral in finding the area.

Response of participant 76 (sophomore) to Q2:
In indefinite integral, there is not a bound for the expression in it. That is, when [cosxdx is given, the

calculation of this integral is not related to a particular bound.

Regarding another concept in Table 1, 13 pre-service teachers (7.5 %) in Q1 and 11 pre-service
teachers (6.4 %) in Q2 wrote down mathematical formulas. For example, the response of participant 70
to Q1 and the response of participant 129 to Q2 were given.

Response of participant 70 (sophomore) to Q1:
The bounds of integral are known. Assume that f'(x)=F(x) -

b b
; F(x)de=f (x)2=f ()~ (a)

Response of participant 129 (junior) to Q2:
In this integral, limits are unspecific.
Indefinite integral for f (x), f (x)=F'(x)

[ f(x)dx=F (x)+c

The minority of pre-service teachers attempted to describe the calculation process for both definite
and indefinite integral when they were asked to describe them. While 16 pre-service teachers (9.2 %)
wrote about the calculation process of definite integral, the number of participants representing the
calculation process for indefinite integral is 5 (2.9 %). As examples for Q1 and Q2, the responses of
participants 39 and 136 were presented below.

Response of participant 39 (sophomore) to Q1:

There are bounds in definite integral. That is, integral is calculated between two values. These two
values correspond to upper bound and lower bound. In integral questions, after solving the question,
the upper and lower bounds are subtracted by using them as values and then the result is found.

Response of participant 136 (senior) to Q2:

The expression given in the integral is considered as derivative of another expression and then it is
found. In indefinite integral, this expression is written as a function. Unlike definite integral, the
result is not calculated by writing the values.
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Another concept referred by pre-service teachers while answering Q1 and Q2 is antiderivative. For
this one, the number of pre-service teachers mentioned it as related to indefinite integral is higher
compared to other. Eight pre-service teachers (4.6 %) stated antiderivative in explaining definite integral
and 14 pre-service teachers (8.1 %) stated it for indefinite integral. For example, participants 50 and 118
simply inferred to antiderivative in their responses to Q1 and Q2, respectively.

Response of participant 50 (sophomore) to Q1:
It is an integral between particular bounds. Antiderivative

Response of participant 118 (junior) to Q2:
| can say that definite integral is the status of a function when its derivative is calculated.

In addition to the area, pre-service teachers associated the volume to both types of integrals. Nine of
them (5.2 %) mentioned volume in Q1 and 3 of them (1.7 %) stated it in Q2. For instance, the responses
of participant 138 to Q1 and participant 92 to Q2 were presented below.

Response of participant 138 (senior) to Q1:
There are specific boundary values for integral. The result is a number which is depending on the
unknown. It is used in the area and volume calculations.

Response of participant 92 (junior) to Q2:

It is used to find the area of a shaded region given by an unlimited graph or a graph which goes to
infinity or it is used to find the volume of a shape which is formed by rotating this graph with respect
to any axis by any degree.

As given in Table 1, 16 pre-service teachers (9.2 %) stated that the result of definite integral is a
number while 23 pre-service teachers (13.3 %) stated that the result of indefinite integral is an algebraic
expression or a function or involves unknowns. The response of participant 89 regarding definite
integral and the response of participant 170 regarding indefinite integral were presented as examples
for these concepts.

Response of participant 89 (junior) to Q1:
When the bounds of an integral are known, we can reach a number as a result.

Response of participant 170 (senior) to Q2:
The result of integral is stated algebraically.

The last concept mentioned in the responses is the constant c. Regarding definite integral, 3 pre-
service teachers (1.7 %) declared that there is not the constant ¢ while 1 pre-service teacher (0.6%)
asserted the existence of the constant c. The examples of these two cases were given below.

Response of participant 81 (sophomore) to Q1:
The bounds are known in definite integral. We find the result by using the bounds without writing
the constant c.

Response of participant 142 (senior) to Q1:
The area is found by definite integral. After calculating integral, we write a constant.

2
[2xdx  Definite integral
1

On the other hand, 27 pre-service teachers (15.6 %) mentioned the constant c in describing
indefinite integral. As an example, the response of participant 102 was presented.

Response of participant 102 (junior) to Q2:
The bounds are not known and the result cannot be stated numerically.
While calculating this type of integral, the expression +c is written.

To answer the second research question, the responses of participants to Q3 were analyzed and
categorized under three codes, the details of which are given in Table 2.
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Table 2.

The Frequencies of the Responses to Q3

Response Types Frequency
No answer 18 (10.4 %)
Comparing definite integral and indefinite integral 130 (75.1 %)
Referring to the relation between definite integral and indefinite integral 25 (14.5 %)

As presented in Table 2, 18 pre-service teachers (10.4 %) did not answer Q3. The remaining answers
involve the comparison of definite integral and indefinite integral by listing some characteristics of
them. In this respect, pre-service teachers’ responses were coded by focusing on whether they showed
evidence regarding the relation between definite integral and indefinite integral or simply compared the
characteristics of them. According to Table 2, 130 of them (75.1 %), nearly two-thirds of the participants,
listed the concepts related to both types of integral without referring to the relation between them. As
examples, the responses of participants 79 and 146 were presented below.

Response of participant 179 (sophomore) to Q3:
If the bounds are known in an integral, then it is named as definite integral. If it is not, then it is
called as indefinite integral.

Response of participant 146 (senior) to Q3:
There are bounds in definite integral, we calculate the area. In indefinite integral, there is no bound.

On the other hand, 25 pre-service teachers (14.5 %) showed evidence related to the relation
between definite and indefinite integral. For example, participant 95 wrote about the Fundamental
Theorem of Calculus in Q3 even though she did not directly state the name of theorem.

Response of participant 95 (junior) to Q3:

In definite integral, there is no need to write the constant c. In indefinite integral, we find the result
by relating to derivative.

In definite integral, we do the same operations in indefinite integral. Then, we calculate according to
the bounds.

Indefinite integral | f '(x)dx=f (x)+cC

b
Definite integral | f'(x)dx=f ()2=f (b)-1 (a)
a

Discussion & Conclusion

The findings of the present study pointed out that the concepts pre-service middle school
mathematics teachers mentioned in describing definite integral and indefinite integral are quite similar.
These concepts are summed up as follows; bound, notation, mathematical formula, example, area,
volume, antiderivative, calculation process, the form of result (number, function, algebraic expression or
unknown), and the constant c. Since participants of this study were taught indefinite integral and
definite integral consecutively in Calculus | course, they might focus on the same concepts in their
descriptions. Moreover, some of the concepts determined related to definite integral in this study are
also mentioned in the studies of Grundmeier et al. (2006), Oberg (2000), Rasslan and Tall (2002),
Yerushalmy and Swidan (2012), and Hall (2010). In more detail, Grundmeier et al. (2006) asked calculus
students to define definite integral in words and reported that students focused on finding area, anti-
derivative, infinite sum, and bounded quantity while defining definite integral. In the study of Oberg
(2000), definite integral was mentioned as relating to computation, area, accumulation or summation,
total change between boundaries, function, and an abstract object. Rasslan and Tall (2002) categorized
definite integral as area, calculation procedure, giving examples, incorrect answer, and no answer.
According to Yerushalmy and Swidan (2012), there are different focuses related to integral concept such
as the area between x-axis and a graph, the Riemann sum as related to length, area or volume, and anti-
derivative. Finally, in the study of Hall (2010), responses of introductory calculus course students
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regarding definite integral were categorized under five headings, which are Riemann sums, procedure,
area, generality, and other. On the other hand, it can be stated that a few concepts mentioned related
to indefinite integral in this study is similar to the study of Hall (2010), which coded students’ responses
concerning indefinite integral under four headings which are antiderivative, area, generality, and other.
Because of the scarcity of studies about indefinite integral, this study might provide a deeper
perspective regarding students’ conceptualization of indefinite integral.

It was noticed that the aforementioned studies reported a few similar concepts regarding indefinite
integral and definite integral, but the frequency order of concepts was different. As stated, the most
mentioned concept in the present study was bound, which is inconsistent with the study of Grundmeier
et al. (2006) which labeled bounded quantity as the last popular answer. Similarly, in the study of Oberg
(2000), students’ viewpoints of definite integral are mostly area and computation. However, the
percentages of responses involving area and computation are not high in this study. The reason for the
different degrees of focus on concepts might be related to the instructor in Calculus and the content of
the textbooks used.

Although only one participant mentioned the existence of constant c in definite integral question,
it might be considered among the substantial results of the study. This finding also matched with the
study of Oberg (2000) which pointed out that some participants assumed the constant c should be
added after computing definite integral but did not propose a reasonable explanation for adding the
constant c. The reason behind this might that students generally do not comprehend the function of the
constant c and assume it as a rule in the integration process. It was also reported in the studies that the
constant c in indefinite integral was one of the points students have difficulty (Saglam, 2011).

Another finding of this study is that students used notation in both definite integral and indefinite
integral explanations. It is inconsistent with the study of Oberg (2000) which reported that students
could not use notation and language correctly while explaining definite integral. Oberg (2000)
mentioned this issue as a cognitive obstacle for students while presenting their understanding of
definite integral. In this study, the reason for pre-service teachers’ tendency to use notation while
describing both definite and indefinite integral might be related to the fact that they are introduced with
the notation of integral in high school. Moreover, pre-service teachers studied integral and solved many
questions involving notations while preparing for the university entrance exam. Thus, it can be stated
that they are familiar with the notations before the undergraduate Calculus course.

In this study, it was also pointed out that pre-service middle school mathematics teachers were
considerably unsuccessful in explaining the relation between definite integral and indefinite integral.
The majority of them listed the characteristics of them without referring to the relation between them.
Although the Fundamental Theorem of Calculus indicates the relation between definite and indefinite
integral (Adams & Essex, 2010), the participants had difficulty in evaluating and relating this theorem in
this context. Since the participants generally used this theorem with the purpose of routine integral
calculations, they might not understand the meaning of the theorem conceptually.

This study is limited to the responses of 173 pre-service middle school mathematics teachers in one
university. To investigate how they describe definite integral and indefinite integral thoroughly, the
follow-up interviews might be involved. According to Grundmeier et al. (2006), there was no clue
whether students’ knowledge about the definition of definite integral affects their ability in routine
integral calculations. They thought that their ability to conduct routine calculations might be related to
their ability to interpret integrals graphically. In further studies, how pre-service mathematics teachers’
definitions affect their ability in routine integral calculations might be investigated.

All rules included in the “Directive for Scientific Research and Publication Ethics in Higher Education
Institutions” have been adhered to, and none of the “Actions Contrary to Scientific Research and
Publication Ethics” included in the second section of the Directive have been implemented.
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Tiirkge Siirimui

Giris

Matematik egitimi ile ilgili lisans diizeyindeki, 6zellikle analiz dersi ile ilgili calismalar, son on yilda
artis gostermektedir (Bezuidenhout, 1998; Jones, 2013; Park, 2015; 2016). Analiz, matematigin karmasik
ve temel bir alanidir (Hall, 2010; Orton, 1983). Bunun yaninda, analiz takip eden ileri matematik
derslerine temel olusturdugu icin de 6nem teskil etmektedir (Liu, 2009; Mahir, 2009; Nasari, 2008).
Analiz dersinde 6grencilerin hem kavramsal hem de islemsel anlama diizeylerini gelistirmeleri
(Bezuidenhout, 2001), kavramlari grafiksel, sayisal ve cebirsel olarak temsil etmeleri (Berry ve Nyman,
2003) ve farkli temsiller arasinda gegis yapabilmeleri (Goerdt, 2007) beklenmektedir. Analiz 6gretiminin
temel amaci, 6grencilerin dnceki bilgilerini ve inanglarini bir uzmanin bilgi dizeyine yaklasacak sekilde
degistirmektir (Pyzdrowski vd., 2013). Ayrica, analiz 6gretiminde 6grencilerin kavramlar arasindaki
baglantilara dair farkindalk dizeyleri de dikkate alinmaldir (Yerushalmy ve Swidan, 2012). Ardisik
soyutlama sireci baz alindiginda, Skemp’e (1986) gore, “eger belirli bir dizey kusurlu anlasilirsa,
sonrasindaki her sey tehlikededir. Bu bagimliik muhtemelen matematikte baska herhangi bir konudan
daha fazladir” (s.20). Analiz dersinde kavramlar bagimsiz degildir ve dnceki kavramlar tizerine insa edilir
(Mahir, 2009; Park, 2015). Ornegin, tiirevden dnce fonksiyon ve limit gibi bazi kavramlari dogru
anlamalari gerektiginden tlrev 6grenmek 6grenciler igin zordur (Park, 2015). Benzer sekilde, integrali
anlayabilmek icin 6grencilerin 6ncelikle limit ve tiirev gibi kavramlari anlamalari gerekmektedir.

Bu alanda yapilan calismalar, 6grencilerin analiz dersindeki gercek 6grenmeleri ile 6grenmesi
gerekenler arasinda farkhlik oldugunu géstermistir. Ogrencilerin analiz konularindaki genellikle
ezberleme (zerine kurulu rutin islemleri gerceklestirmeleri, kavramsal anlama olarak yanhs
yorumlanmaktadir (Grundmeier, Hansen ve Sousa, 2006). Benzer sekilde, 6grencilerin hesaplamalari
analizin temel gerekliligi olarak kabul etmeleri ve bu hesaplama sireglerine odaklanmalari, kavramsal
anlamanin eksikligine neden olmaktadir (Aspinwell ve Miller, 1997). ilgili arastirmalardan elde edilen
bulgulara gore, 6grencilerin ¢cogu analizin temel kavramlarini tam olarak anlamamakta ve ezberleyerek
rutin islemlere odaklanmaktadir (Bezuidenhout, 1998; Bezuidenhout, 2001; Ferrini-Mundy ve Graham,
1991; Nasari, 2008; Oberg, 2000).

Alan yazin taramasina gore, arastirmacilar analizin 6grenilmesi ve 6gretilmesi, temsiller, teknoloji
entegrasyonu, 6grencilerin anlamalari, kavram tanimlari, kavram imajlari, kavram yanilgilari ve hatalar
gibi ¢esitli noktalara odaklanarak analiz kavramlari Gzerine g¢alismiglardir. Ayrica, analizde yer alan belirli
kavramlara dogrudan odaklanan calismalar da yiritilmistir. Ornegin, arastirmacilar tarafindan
¢ogunlukla incelenen analiz kavramlarinin, fonksiyon (6rn., Vinner, 1983; Vinner ve Dreyfus, 1989), limit
(6rn., Bezuidenhout, 2001), siireklilik (6rn., Bezuidenhout, 2001; Tall ve Vinner, 1981), tirev (6rn., Park,
2015) ve integral (6rn., Grundmeier vd., 2006; Rasslan ve Tall, 2002; Saglam, 2011) oldugu gorilmistir.
Ogrencilerin analiz dersini ne derece anladiklarini arastirmak adina yapilan calismalarda, limitin siklikla
arastirilan bir kavram oldugu gorilmustir, ancak bu baglamda tlrev ve integral Gizerine de galisiimasi
gerekmektedir (Jones, 2013). Bu nedenle, bu ¢alisma integral ile ilgili alan yazina katkida bulunmayi
amaglamaktadir.

integral, yalnizca analiz ve karmasik analiz gibi piir matematik icin degil, ayni zamanda fizik ve
ekonomi gibi diger disiplinler icin de 6nemli bir kavramdir (Jones, Lim ve Chandler, 2017; Yerushalmy ve
Swidan, 2012). Her ne kadar integral analiz dersindeki 6nemli konulardan biri olsa da, arastirmalar
ogrencilerin genellikle integral Gzerine calisirken zorluk yasadiklarini géstermektedir (Bezuidenhout ve
Olivier, 2000; Jones, 2013; Oberg, 2000; Rasslan ve Tall, 2002). Ogrenciler integrali "tlirevin tersi" olarak
kabul etmekte ve integral tekniklerini "eldeki ise yarar yontemlerden biraz daha fazlasi" olarak
gormektedir (Berry ve Nyman, 2003, s.482). Alan yazin taramasinda, belirli integral (6rn., Oberg, 2000;
McGee ve Martinez-Planell, 2014) ve belirsiz integral (6rn., Swidan ve Naftaliev, 2019; Swidan &
Yerushalmy, 2014) gibi integralin belirli bir bélimiine odaklanarak ya da integrali daha genis bir
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perspektiften ele alan (6rn., Orton, 1983; Saglam, 2011) ¢alismalar yapildigi gorilmustiir. Bu ¢alismada
ise belirli integral, belirsiz integral ve aralarindaki iliski Gzerinde durulmaktadir.

Belirli integral

Ogrenciler igin integral 6grenme siirecindeki kritik konulardan biri belirli integraldir (Jones vd., 2017;
Rasslan ve Tall, 2002). Ogrencilerden, belirli integral ile ilgili rutin islemleri veya hesaplamalari yapmanin
yani sira belirli integralin ne oldugunu da anlamalari beklenmektedir. Stewart (2010, s.343) belirli
integral taniminda aralik, sinirlar, notasyon ve alan ile belirli integral arasindaki iliskiye yer vermistir.
Benzer sekilde, Thomas, Weir, Hass ve Giordano (2005) belirli integrali tanimlarken Riemann
toplamlarina odaklanmistir.  Belirli integral genellikle bir egrinin altindaki alani bulmakla
iliskilendirilmistir (Hall, 2010). Oberg'e (2000) gore, belirli integral, hesaplama, alan, birikim veya
toplama, x=a ve x=b arasindaki toplam degisim, fonksiyon ve soyut bir nesne olma gibi kavramlarla
iliskilendirilerek aciklanabilir. Rasslan ve Tall (2002) ise, lise son sinif 6grencilerinin belirli integral
tanimlamalarini, grafik ile x ekseni arasindaki alan, hesaplama prosediri, 6rnek verme, yanlis cevap ve
cevap yok olmak tizere bes tema altinda kategorize etmistir.

Yapilan ¢alismalarda 6grencilerin belirli integral konusunda zorluk yasadiklar ifade edilmistir
(Grundmeier vd., 2006; Oberg, 2000; Rasslan ve Tall, 2002). Ornegin, alan-integral iliskisi, alanlarin
toplaminin integral agisindan anlami, belirli integralin tanimi ve Analizin Temel Teoremi gibi bazi
konularda 6grenciler gerekli kavramsal anlamaya sahip degildir (Hall, 2010; Mahir, 2009; Rasslan & Tall,
2002). Attorps, Bjork ve Radic (2013) belirli integrali etkili bir sekilde 6gretmek adina bazi noktalara
deginmistir. Ornegin, 6grenciler belirli integrali yalnizca alanla iliskilendirmemeli, daha genis bir
perspektiften bakmali ve limit sirecinin giktisi olan gercek bir sayi olarak gérmelidir. Bu sekilde, belirli
integrali yalnizca pozitif bir sayl olarak degil, ayni zamanda sifir veya negatif bir sayi olarak da kabul
edebilirler. Ayrica 06grencilerin belirli integral kavram imajlarinin g¢ogunlukla alanla ilgili oldugu
gorilmistir. Bu durumu degistirmek adina, genellikle alan boyutunu vurgulayan ders kitaplari revize
edilebilir.

Belirsiz integral

Ogrencilerden belirsiz integral kavramini anlamalari da beklenmektedir. Belirsiz integralin
kavranmasi, belirli integrali tlrevle iliskilendirmede kritik bir role sahiptir (Swidan ve Yerushalmy, 2014).
Thomas vd. (2005) belirsiz integrali su sekilde tanimlamistir; “ £ ’nin blitln ters tirevlerinin kimesine, f
‘nin x’e gore belirsiz integrali denir ve [ f(x)dx ile gosterilir” (s.312). Baska bir deyisle, belirsiz bir
integral, f 'nin belirli bir ters tiirevini veya her bir Gyenin rastgele bir sabitle farklilastigi bir ters tirev
ailesini ifade eder (Stewart, 2010; Swidan & Yerushalmy, 2014). Bahsedilen sabit genellikle ¢ harfiyle
temsil edilir.

Kavramlar arasindaki iliskilerin anlasilmasinda belirsiz integralin 6nemine ragmen, Hall (2010)
Ogrencilerin belirsiz integrali anlamalari konusunda yapilan g¢alismalarin azligindan bahsetmektedir.
Ornegin, Metaxas (2007) birinci sinif matematik dgrencilerinin belirsiz integrali anlamalarini incelemis ve
genellikle islemsel olarak yorumladiklarini ve zorlandiklari bazi noktalarin oldugunu ifade etmistir. Hall
(2010) ise, bir analize giris dersindeki 6grencilerinden belirli integrali ve belirsiz integrali tanimlamalarini
istemistir. Arastirmanin sonuglarina gére, 6grencilerin belirsiz integrale iliskin yanitlari ters tirev, alan,
genelleme ve diger olmak lzere dort bashk altinda siniflandiriimistir. Belirli integralin analizinde de alan,
genelleme ve diger kategorileri yer almaktadir. Ayrica, Hall (2010) 6grenciler icin belirli integralin daha
actk oldugunu ve belirsiz integralin anlasilmaz oldugunu belirtmistir.

Analizin Temel Teoremi

Analizin Temel Teoremi, tiirev ve integral arasinda bir baglanti olusturdugu ve Riemann toplamlarinin
limitini bulmak yerine integrandin ters tlrevini kullanarak integralleri hesaplamanin bir yolunu sundugu
icin integral analizde temel bir teorem olarak kabul edilir (Stewart, 2010; Thomas vd., 2005). Ayrica,
Analizin Temel Teoremi belirli ve belirsiz integral arasindaki iliskiyi gosterir (Adams ve Essex, 2010).
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Ancak, Attorps ve digerleri (2013), Analizin Temel Teoreminin varsayimlari dogrulanmadiginda, lisans
ogrencilerinin bu teoremi uygulamada zorluk yasadiklarini belirtmistir.

Analizin Temel Teoremini, Thomas ve digerleri (2005) kitaplarinda iki kisim olarak asagidaki gibi
actklamislardir:

Analizin Temel Teoremi Kisim 1
t fonksiyonu [ab] iizerinde siirekli ise, F(x)z}(f(t)dt fonksiyonu [a,b] tizerinde stireklidir ve
a

(a,b) ‘de tlirevlenebilir ve tlirevi f (x) dir;

vy d X _
Fi(0)=gy g f (t)dt=f (x) (s.358)
Analizin Temel Teoremi Kisim 2
¢ fonksiyonu [a,b] araliginin her noktasinda strekli ve Fise f ’nin [a,b] araligindaki herhangi bir

ters tirevi ise,

b
| £ (x)dx=F (b)-F (a) olur (s.361)
a

Goruldagi gibi, teoremin ilk bolimu bir integralin tirevi ile ilgilidir ve belirli bir integralin Gst limitini
dikkate alarak nasil tiirevlenebildigini gostermektedir. Teoremin ikinci bélimi ise, bir tirevin integrali
hakkindadir ve integrandin ters tirevi bulundugunda integrali hesaplamanin yolunu agiklar (Adams &
Essex, 2010). Analizin Temel Teoremine gore belirli integral ve belirsiz integral arasindaki iliski, bu
¢alismada odaklanilan konular arasindadir.

Cahismanin Onemi

ilgili alan yazin incelendiginde, 6grencilerin integral konusunda zorluk yasadiklari gériilmektedir
(Jones, 2013; Mahir, 2009; Oberg, 2000; Orton, 1983). Ornegin, Orton (1983), integral ydntemlerini
diizglin bir sekilde uygulayabilen analiz 6grencilerinin integrale iliskin kavramsal anlamaya sahip olup
olmadiklarini arastirmis ve &grencilerin birgok kritik giiclik yasadigini belirtmistir. Ogrencilerin temel
zorluklarindan biri, integrali toplamlarin limiti olarak yorumlamasidir. Benzer sekilde, Grundmeier ve
digerleri (2006) analiz 6grencilerinin integrali nasil anladiklarini bes kriteri géz 6ninde bulundurarak
incelemistir; integralin anlamini s6zli olarak ifade etme, integralleri grafik olarak temsil etme, integrali
sembollerle tanimlama, integralleri degerlendirme ve integral uygulamalarini gergek diinya ile
iliskilendirme. Calismanin sonunda, Grundmeier ve digerleri (2006), katihmcilarin integral hesaplama
siirecinde iyi olmalarina ragmen integrale dair kavram tanimlarinda ve imajlarinda eksiklikler oldugunu
bildirmistir. Bunun yaninda, Orton (1983) “sebepsiz kurallarin gerekcelendirilemeyecegini” (s.10)
vurgulamaktadir. Bu nedenle, 6grencilerin integral tekniklerinde yetkin hale gelmeden 6nce integral
kavraminin anlaminin farkinda olmalari gerekmektedir.

Ogrencilerin eksikliklerinin nedeni, formal tanimlari yorumlayarak somut anlam olusturamamalari
olabilir (Ozdemir, 2017). Ogrencilerin tanimlari yorumlama ve belirli integralin ve belirsiz integralin
anlamlarini kavrama konusundaki eksiklikleri, analizin gelecek uygulamalarinda integral hakkinda yanlis
anlamalara yol acabilir (Grundmeier vd., 2006). Ogrencilerin kavramsal anlamadan yoksun olduklari
noktalari belirlemek, ileri asamadaki 6gretimin yapilandiriimasinda 6nemli bir adimdir (Mahir, 2009).
Benzer sekilde, 6grencilerin integral gibi bir kavrami nasil algiladiklarini anlamak, 6grencilerin lisans
egitimlerinde karsilastiklari sorunlarin istesinden gelmelerine yardimci olmak adina egitmenler igin etkili
bir adim olarak dusindlebilir. Boylece, egitmenler 6grencilerin 6n bilgilerine gére 6gretim sirecini
sekillendirebilir, belirli kavramlarda 6grencilerin olasi yanilgilarini belirleyebilir ve bunlarin Gstesinden
gelmek icin bazi yontemler hazirlayabilir (Hall, 2010). Bu nedenle, matematik 6gretmen adaylarinin
belirli integrali ve belirsiz integrali nasil acikladiklari bu c¢alismanin amaglarindan biri olarak
belirlenmistir.
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Ogrencilerin analiz kavramlar ve dogru uygulamalari konusunda yetkin olmalari énem tegkil
etmektedir (Mahir, 2009). integral, gelecek matematik dersleri icin temel kavramlardan biri olarak kabul
edildiginden, matematik 6gretmen adaylarinin integral kavramini dogru 6grenmeleri gerekmektedir.
Ayrica, belirli integral ile belirsiz integralin benzer noktalar icermesi ve 6grencilerin belirsiz integralle ilgili
bazi 6zellikleri belirli integrale yanhs aktarmalarindan (Oberg, 2000) yola cikarak, 6grencilerin bu
kavramlar arasindaki baglantiyi nasil yorumladiklari ve bu konudaki yanlislarinin tespiti de énem teskil
etmektedir. Bu baglamda, bu ¢alismada ortaokul matematik 6gretmen adaylarinin belirli integral ile
belirsiz integral arasindaki iligkiyi ne 6lglide ifade edebildikleri de incelenmistir.

Oberg'in (2000) belirttigi gibi, analiz dersi egitmenleri, lisans 6grencilerinin integrali kavramalarinin
oneminin farkinda olmaldir. Bu c¢alisma, programin her kademesindeki 6gretmen adaylan ile
yapildigindan, Universite dizeyindeki 6grencilerin belirli integrali ve belirsiz integrali nasil anladiklarinin
bir portresini sunarak analiz dersi egitmenlerine yardimci olabilecegi sdylenebilir. Sonrasinda, egitmenler
integral 6gretiminde daha etkili ydontemler ve sinif uygulamalari gelistirebilir.

Bahsi gecen konular dikkate alinarak, bu calismanin birinci amaci matematik 6gretmen adaylarinin
belirli integrali ve belirsiz integrali nasil tanimladigini incelemektir. Calismanin bir diger amaci ise bu
kavramlar arasindaki iliskiyi ne 6lglide agiklayabildiklerini arastirmaktir. Bu amagla, ¢alisma asagidaki
arastirma sorularini cevaplamayi amaglamaktadir;

1. Ortaokul matematik 6gretmen adaylari belirli integrali ve belirsiz integrali tanimlarken ve aciklarken
hangi kavramlara odaklanmaktadir?

2. Ortaokul matematik 6gretmen adaylari belirli integral ve belirsiz integral arasindaki iliskiyi ne 6l¢lide
aciklayabilmektedir?

Yoéntem
Arastirma Deseni, Katilimcilar ve Calismanin Baglami

Bu calismada, arastirma sorularini cevaplamak igin kesitsel tarama yontemi kullaniimistir.
Arastirmanin katilimcilari Ankara ilinde bulunan bir devlet Universitesinde ilkégretim Matematik
Ogretmenligi Programinda yer alan 173 ortaokul matematik 6gretmen adayi olarak uygun érnekleme ile
belirlenmistir. 173 6gretmen adayinin 149'u (% 86.1) kadin, 24'G (% 13.9) erkektir. Sinif diizeyine gére
ise, 25'i (% 14.5) birinci, 57'si (% 32.9) ikinci, 51'i (% 29.5) tGglinci ve 401 (% 23.1) son siniftir. Géruldugu
gibi, birinci sinif ortaokul matematik 6gretmen adaylarinin sayisi, ¢alismaya katilmaya goénullu
olmamalari nedeniyle en azdir. Katilmak istememelerinin nedenleri, veri toplanmasi sirasinda matematik
dersi olarak sadece Genel Matematik dersini almis olmalari, bu dersin integral kavramini icermemesi ve
lise matematik dersinden integrali net hatirlamamalaridir. Diger sinif seviyelerinden sadece birkag
ogrenci katilmaya gondlli olmamistir. Bu durumun nedeni, veri toplama sirasinda integral kavramini
kapsayan Analiz | dersini almis olmalari olabilir. Bu nedenle, birinci sinif 6gretmen adaylarinin mevcut
arastirmaya katilimi, diger yil seviyelerine gére daha dusuk bir ylizdeye sahiptir.

Tirkiye'de ilkdgretim Matematik Ogretmenligi Programi, dért yillik bir lisans programidir. Bu
programdan mezun olanlar, ortaokullarda 5. siniftan 8. sinifa kadar matematik dersinde 6gretmen olarak
istihdam edilebilmektedir. Ayrica, bu programdaki 6grenciler genellikle tGglincii ve dordiincl yariyillarda
sunulan Analiz | ve Analiz Il derslerinde integral {izerine calismaktadir. integral kavrami, Analiz Ill ve
Diferansiyel Denklemler derslerinin iceriginde de gorilmektedir. Ayrica Tirkiye'de lise matematik
dersinde fonksiyonlar, limit, sireklilik, tlirev, integral gibi bazi analiz kavramlari islenmektedir.
Tlrkiye'deki ortaokul matematik 6gretim programina gore (Milli Egitim Bakanhg, MEB, 2013) 12.
siniftaki 6grenciler integral (izerinde ¢alismaya baslamaktadir.

Veri Toplama Siireci

Calismanin amaci, ortaokul matematik 6gretmen adaylarinin belirli integral ve belirsiz integrali
aciklarken degindikleri kavramlari ve bu kavramlarin arasindaki iliskinin farkinda olup olmadiklarini
incelemektir. Bu amacla, ilgili literatiir taranarak tg¢ acik uclu soru hazirlanmistir (Adams ve Essex, 2010;
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Hall, 2010; Orton, 1983; Stewart, 2010; Thomas vd., 2010). Pilot ¢alisma, 6gretmen egitimi
programindaki her yil seviyesinden iki ortaokul matematik 6gretmeni adayi ile yurutiilmistir. Daha
ayrintili agiklarsak, pilot calismada katilimcilardan Onceliklere sorulari cevaplamalari istenmistir.
Sonrasinda, katihmcilardan sorularin agik olup olmadiklarini degerlendirmeleri ve sorular Gzerine ikili
gruplar olarak tartismalari istenmistir. Pilot calismanin sonuglarina gore, sorularin son hali ana uygulama
icin hazirlanmistir. Soru 1 (S1) 6gretmen adaylarindan belirli integrali tanimlamalarini ve agiklamalarini,
Soru 2 (S2) belirsiz integrali tanimlamalarini ve agiklamalarini ve Soru 3 (S3) belirsiz integral ve belirli
integral arasindaki iliskiyi agiklamalarini istemektedir. S1 ve S2 ile ilk aragtirma sorusunun cevaplanmasi
amaglanmistir. Katilimcilarin belirsiz integrali ve belirli integrali anlatirken dikkate aldiklari kavramlar, bu
sorulara verdikleri yanitlar tizerinden incelenmistir. Katilimcilarin S1 ve S2'deki agiklamalarindan belirsiz
integral ve belirli integrali nasil iliskilendirdiklerini anlamak zor oldugundan, onlari ozellikle iliski
hakkinda diusiinmeye y6nlendirmek icin baska bir soru eklenmistir. Boylece, ikinci arastirma sorusunu
ele almak igin ise S3’e yer verilmistir.

Veri Analizi

Verilerin analizinde Braun ve Clarke’in (2006) tematik analiz gergevesi kullanilmis ve bulgular
frekanslar ve yiizdeler araciligiyla sunulmustur. Tematik analizin “verilere asina olma, baslangi¢ kodlarini
olusturma, temalari arama, temalari gdézden gegirme, temalari tanimlama ve isimlendirme ve raporu
hazirlama” seklinde listelenen alti asamasini takip ederek (Braun ve Clarke, 2006, s.87), katiimcilarin (g
soruya verdikleri cevaplar analiz edilmistir. Ayrica, 6gretmen adaylarinin cevaplari 0Oncelikle
arastirmacilar tarafindan incelenmis ve kodlar hazirlanmistir. Daha sonra, tim cevaplar matematik
egitiminde doktora yapan bir arastirmaci tarafindan kodlanmistir. Kodlamadan sonra, eslesen kodlar
kontrol edilmistir ve farkli kodlar belirlenmistir. Kodlarin biyuk ¢gogunlugunun eslestigi gérilmustir. Son
olarak, tiim kodlayicilar eslesmeyen durumlari tartisarak, tiim kodlamalar igin bir fikir birligine varmistir.

Bulgular

Bahsedildigi gibi, S1 ve S2'de, ortaokul matematik 6gretmen adaylarindan sirasiyla belirli integrali ve
belirsiz integrali tanimlamalari ve acgiklamalari istenmistir. Katilimcilarin cevaplari analiz edilmis ve
bahsettikleri kavramlara odaklanilarak kodlar olusturulmustur. Tablo 1'de analiz sonunda ulasilan
kavramlar sunulmustur.

Tablo 1.

Belirli ve Belirsiz integrali Agiklarken Deginilen Kavramlarin Frekanslari

Kavramlar Belirli integral  Belirsiz integral
Cevap yok - 5(% 2.9)
Limit 160 (% 92.5) 130 (% 75.1)
Notasyon 70 (% 40.5) 56 (% 32.4)
Alan 54 (% 31.2) 22 (% 12.7)
Ornek verme 30 (% 17.3) 23 (% 13.3)
Matematiksel formiller 13 (% 7.5) 11 (% 6.4)
Hesaplama sireci 16 (% 9.2) 5(% 2.9)
Ters tiirev 8 (% 4.6) 14 (% 8.1)
Hacim 9(%5.2) 3(%1.7)
Sonucun bir sayi olmasi 16 (% 9.2) -
Sonucun bir fonksiyon ya da cebirsel ifade ya da bilinmeyen olmasi - 23 (% 13.3)
c¢ sabitinin olmamasi 3(%1.7) -

c sabitinin olmasi 1(% 0.6) 27 (% 15.6)

Tablo 1'e gore, mevcut arastirmadaki tim katihmcilar S1'i cevaplamis, ancak 5 6gretmen adayi (%
2.9) S2'yi cevaplamamistir. Hem belirli integral hem de belirsiz integrali agiklarken bahsedilen kavramlar
oldukga benzerdir. Her iki integralde de, sinir kavrami en ylksek ylizdeye sahiptir. S1'de 160 6gretmen
aday (% 92.5) belirli integrali tanimlarken sinirlar oldugunu belirtirken, 130 6gretmen adayi (% 75.1)
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S2'de belirsiz integralin siniri olmadigini ifade etmistir. Ornegin, katilimcr 9'un S1'e cevabi ve katiimci
106'nin S2'ye cevabi asagida yer almaktadir.

Katilimci 9'un (birinci sinif) S1'e cevabi:
Belirli integralin bir alt siniri ve bir Gst siniri vardir.

b
| f(x)dx a ve b harfleri belirli sayilardir
a

Katilimci 106'nin (liglincl sinif) S2'ye cevabi:
Belirli integralde alt ve Ust sinir bilinmez. Herhangi bir sinir yok. Bu integral ¢esidine 6rnek olarak
feXdx verilebilir.

Bu noktada, verilen 6rnekler kodlama siirecini daha net agiklamaya yardimci olacaktir. Katiimci 9'un
cevabi Tablo 1'de sinir ve notasyon olmak Uzere iki kavram icin kodlanmistir, ¢linkii bu katilimci belirli
integrale iliskin hem sinir hem de notasyonu belirtmistir. Benzer sekilde, katilimci 106'nin yaniti Tablo
1'de hem sinir hem de 6rnek verme kategorileri icin kodlanmistir. Bu katilimci, belirsiz integral igin
[f(x)dx veya [ notasyonunu yazmak yerine bir 6rnek [eXdx vermeyi tercih ettiginden, notasyon

kategorisinde kodlanmamistir. Bu nedenle, veri analizinde, kategoriler birbirinden ayrisik olmadigindan
bir cevapta ilgili kavramlar varsa birden fazla kategori icin kodlanmistir.

Tablo 1'den goriildGga gibi, cevaplarda ikinci en yiksek ylizdeye sahip olan kavram, belirli integral ve
belirsiz integralin notasyonu olmustur. Belirli integrali tanimlarken 70 katilimci (% 40.5) notasyona yer
vermistir. Benzer sekilde, 56 katilimci ise (% 32.4) belirsiz integralin notasyonunu yazmstir. Ornegin,
katilimci 107 hem belirli hem de belirsiz integrali agiklarken notasyona deginmistir.

Katilimci 107'nin (liglincl sinif) S1'e cevabi:

[ f(x)dx olarak gosterilir. Sinirlari a ve b dir.

a

Katilimci 107'nin (Gglncu sinif) S2'ye cevabi:

| f(x)dx olarak gosterilir. Sinir olarak belirtilen belli degerleri yoktur.

Alan kavrami, her iki soruya verilen cevaplarda da lgiinci en yiiksek ylzdeye sahiptir. 173 6gretmen
adayindan 54 kisi (% 31.2) S1'de alandan bahsederken 22 kisi (% 12.7) S2'de alan kavramina deginmistir.
Ornek olarak, katilimci 167'nin S1'e cevabi ve katilimci 4'iin S2'ye cevabi asagida verilmistir.

Katihmci 167'nin (lglncd sinif) S1'e cevabi:
Alt ve st sinirlar verildiginde bir fonksiyonun altindaki alani bulmak igin kullanihr.

TN A b
A - Px) dx

“_ B
b

Katilimci 4'Gn (birinci sinif) S2'ye cevabi:
Sinirlar bilinmiyor. Bu nedenle, alan hesaplanamaz.
[f(x)dx seklindedir.

Belirsiz integrale verilen yanitlardaki alan kavrami ¢ yonlidir. Yukarida verilen ve alanin
hesaplanmasinin imkansizligini ifade eden cevaplara ek olarak, bazi 6gretmen adaylari alan
hesaplamasinda sonsuz olmasini ele almislar veya cevaplarinin nedenini belirtmeden sadece alan

kelimesini yazmislardir. ikinci kategoriye érnek vermek icin 16 ve 147 numarali katilimcilarin cevaplari
asagida sunulmustur.
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Katilimci 16'nin (birinci sinif) S2'ye cevabi:
Belirli bir sinir olmayan alani bulmak

Katilimci 147'nin (Giglncl sinif) S2'ye cevabi:
Sinirsiz bir alanin hesaplanmasi. Sonug bir fonksiyondur.

Bazi 6gretmen adaylari cevaplarinda 6rnek vermeyi tercih etmistir. S1'de 30 katilimci (% 17.3) 6rnek
yazarken, S2'de 23 katihma (% 13.3) 6rnek vermistir. Ornegin, 60 ve 76 numaral katihmcilar sirasiyla
belirli integrali ve belirsiz integrali agiklarken 6rnek vermiglerdir.

Katilimcr 60'in (ikinci sinif) S1'e cevabi:
integralin limitlerin biliyoruz.

3 2
Ornegin [xdx belirli integraldir. x degerinin yerine 6nce 2 sonra 0 yazarak sonucu buluruz. Belirli
0

integrali alan bulmak igin kullaniriz.

Katilimci 76'nin (ikinci sinif) S2'ye cevabr:
Belirsiz integralde igerdigi ifade icin bir simir yoktur. Yani [cosxdx verildiginde, bu integralin

hesaplamasi belirli bir sinirla ilgili degildir.

Tablo 1'deki diger bir kavram ise, katiimcilarin matematiksel formuleri yazmasi tizerinedir. S1'de 13
o6gretmen adayil (% 7.5) ve S2'de 11 6gretmen adayi (% 6.4) aciklamalarinda matematiksel formiil
yazmustir. Ornek olarak katilimci 70'in S1'e cevabi ve katilimci 129'un S2'ye cevabi verilmistir.

Katilimer 70'in (ikinci sinif) S1'e cevabi:
integrali sinirlar bilinmiyor. f'(x)=F(x) oldugunu kabul edelim.

b b
£ F(x)dx=1 (0= (b)-1 (a)

Katilimci 129'un (Uglincu sinif) S2'ye cevabi:
Bu integralde, limitler belirsiz.

f(x) igin belirsiz integral f (x)=F'(x)
JF(x)dx=F (x)+c

Belirli integral ve belirsiz integrali aciklamalari istendiginde, az sayida 6gretmen adayi hesaplama
strecini betimlemistir. 16 6gretmen adayi (% 9.2) belirli integralin hesaplama slrecini yazarken, 5
O6gretmen adayi (% 2.9) belirsiz integralin hesaplama siirecini ifade etmistir. S1 ve S2 cevaplarina 6rnek
olarak katihimci 39 ve 136 cevaplari asagida sunulmustur.

Katilimci 39'un (ikinci sinif) S1'e cevabi:

Belirli integralin sinirlari vardir. Yani, integral iki deger arasinda hesaplanir. Bu iki deger Ust sinir ve alt
sinirdir. integral sorularinda, soru ¢oziildiikten sonra st ve alt sinirlar degeri cikarilir ve ardindan
sonug bulunur.

Katilimcl 136'nin (dordincu sinif) S2'ye cevabi:

integralde verilen ifade baska bir ifadenin tiirevi olarak kabul edilir ve sonra bulunur. Belirsiz
integralde bu ifade fonksiyon olarak yazilir. Belirli integralin aksine, sonug¢ degerler yazilarak
hesaplanmaz.

Ogretmen adaylarinin S1 ve S2'yve cevap verirken degindikleri bir diger kavram ise ters tiirevdir.
Belirsiz integralde ters tirevi ifade eden 6gretmen adaylarinin sayisi belirli integrale gore daha fazladir.
Ters tiireve 8 O0gretmen adayi (% 4.6) belirli integrali agiklamasinda, 14 6gretmen adayi (% 8.1) ise
belirsiz integral aciklamasinda yer vermistir. Ornegin, katilimci 50 ve 118, sirasiyla S1 ve S2'ye verdikleri
cevaplarda ters tiireve deginmistir.
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Katilimci 50'nin (ikinci sinif) S1'e cevabi:
Belirli sinirlar arasindaki integraldir. Terstlirev

Katihmci 118'in (Uglnci sinif) S2'ye cevabi:
Belirli integral bir fonksiyonun tiirevi hesaplandigindaki halidir diyebilirim.

Alana ek olarak, 6gretmen adaylari hacim kavramini her iki tiir integral ile iliskilendirmistir. ilk soruda
9 6gretmen adayl (% 5.2) hacimden bahsederken, ikinci soruda 3 6gretmen adayl (% 1.7) hacim
kavramini belirtmistir. Ornegin, katiimc 138'in Sl'e ve katiimci 92'nin S2'ye cevaplari asagida
sunulmusgtur.

Katilimcr 138'in (dordiinci sinif) S1'e cevabr:
integralde belirli sinir degerleri vardir. Bilinmeyene bagl olarak sonug bir sayi olarak bulunur. Alan ve
hacim hesaplamalarinda kullanilir.

Katilimcil 92'nin (liglncd sinif) S2'ye cevabi:

Sinirsiz bir grafik ya da sonsuza giden bir grafikle verilen tarali bolgenin alanini bulmak igin kullantlir.
Ya da grafigin herhangi bir derecede herhangi bir eksene gore dondirilmesiyle olusan seklin
hacminin hesaplanmasinda kullanilir.

Tablo 1'de verildigi gibi, 16 6gretmen adayi (% 9.2) belirli integralin sonucunun bir sayi oldugunu
belirtirken, 23 6gretmen adayi (% 13.3) belirsiz integralin sonucunun bir cebirsel ifade veya bir fonksiyon
oldugunu veya bilinmeyenler icerdigini yazmistir. Katiimci 89'un belirli integrale iliskin yaniti ve katilimci
170'in belirsiz integrale iliskin yaniti bu kavramlara 6rnek olarak sunulmustur.

Katihmci 89'un (lUglinci sinif) S1'e cevab:
integralin sinirlari bilindiginde, sonug olarak bir sayi buluruz.

Katihmci 170'in (dordiinci sinif) S2'ye cevabr:
integralin sonucu cebirsel olarak ifade edilir.

Cevaplarda belirtilen son kavram c sabitidir. Belirli integralde 3 68retmen adayi (% 1.7) c sabitinin
olmadigini belirtirken, 1 6gretmen adayi (% 0.6) ¢ sabitinin varligini ileri stirmustir. Bu iki durumun
ornekleri asagida verilmistir.

Katihmci 81'in (ikinci sinif) S1'e cevabi:
Belirli integralde, sinirlar bilinir. Sonucu, ¢ sabitini yazmadan sinirlari kullanarak buluruz.

Katilimci 142'nin (dérdiinci sinif) S1'e cevab:
Belirli integralden alan bulunur. integrali hesapladiktan sonar, bir sabit yazariz.

2
[2xdx  Belirli integral
1

Diger yandan, 27 6gretmen adayi (% 15.6) belirsiz integrali tanimlarken c sabitinden bahsetmistir.
Ornek olarak, katilimci 102'nin cevabi asagida verilmistir.

Katilimci 102'nin (Gglncu sinif) S2'ye cevabi:
Sinirlar bilinmez ve sonug sayisal olarak ifade edilemez.
Bu integral ¢cesidinde hesaplama yaparken, +c ifadesi yazilir.

ikinci arastirma sorusunu cevaplamak icin, katilimcilarin $3'e verdikleri cevaplar incelenmis ve Tablo
2'de verilen ¢ kod altinda siniflandiriimistir.

Tablo 2.

S3 Cevaplarinin Frekanslari

Cevap Cesitleri Frekans
Cevap yok 18 (% 10.4)
Belirli integral ve belirsiz integrali karsilastirma 130 (% 75.1)
Belirli integral ve belirsiz integral arasindaki baglantiya dair belirti iceren cevaplar 25 (% 14.5)
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Tablo 2'de sunuldugu Uzere, 18 6gretmen adayl (% 10.4) S3'e cevap vermemistir. Digerlerinin
cevaplarn ise belirli integral ile belirsiz integralin bazi 0Ozelliklerini listeleyerek karsilastiriimasini
icermektedir. Bu baglamda, 6gretmen adaylarinin cevaplari, belirli integral ile belirsiz integral arasindaki
baglantiya dair belirti icerip icermemesine odaklanilarak kodlanmistir. Tablo 2'yve gére katilimcilarin
yaklasik Ggte ikisine denk gelen 130 6gretmen adayi (% 75.1), aralarindaki bagintiya deginmeden her iki
integral tirii ile ilgili dzellikleri listelemistir. Ornek olarak, katimci 79 ve 146'nin cevaplari asagida
sunulmusgtur.

Katilimci 79'un (ikinci sinif) S3'e cevabi:

integralde sinirlar biliniyorsa, belirli integral olarak isimlendirilir. Bilinmiyorsa belirsiz integral olarak
isimlendirilir.

Katilmci 146'nin (dordinci sinif) S3'e cevabi:

Belirli integralde sinirlar vardir, alani hesaplariz. Belirsiz integralde, bir sinir yoktur.

Diger yandan, 25 6gretmen adayinin cevaplari (% 14.5) belirli ve belirsiz integral arasindaki baglantiya
iliskin belirtiler icermektedir. Ornegin, katilimci 95, teoremin adini dogrudan belirtmemis olmasina
ragmen S3'te Analizin Temel Teoremine yer vermistir.

Katilimci 95'in (Uglincu sinif) S3'e cevabi:

Belirli integralde, c sabitini yazmaya gerek yoktur. Belirsiz integralde, sonucu tirevle iliskilendirerek
bulabiliriz.

Belirli integralde, belirsiz integraldeki ayni islemleri yapariz. Sonrasinda, sinirlara goére hesaplariz.
Belirsiz integral | f'(x)dx=f(x)+c

b
Belirli integral [ f'(x)dx=f (x)‘ng (b)-f(a)
a

Tartisma ve Sonug

Bu calismanin sonuglari, ortaokul matematik 6gretmen adaylarinin belirli integrali ve belirsiz integrali
tanimlarken bahsedilen kavramlarinin oldukca benzer oldugunu gostermistir. Bu kavramlar ise sinir,
notasyon, matematiksel formiil, drnek verme, alan, hacim, ters tiirev, hesaplama siireci, sonucun sekli
(sayl, fonksiyon, cebirsel ifade veya bilinmeyen) ve c sabiti seklinde siniflandirilmistir. Katimcilara Analiz
| dersinde belirsiz integral ve belirli integral ardisik olarak 6gretildigi igin, agiklamalarinda benzer
kavramlara odaklanmis olabilirler. Ayrica, bu ¢alismada belirli integrale iliskin belirlenen bazi kavramlara
Grundmeier ve digerleri (2006), Oberg (2000), Rasslan ve Tall (2002), Yerushalmy ve Swidan (2012) ve
Hall (2010) tarafindan yurutilen ¢alismalarda da rastlanmaktadir. Daha ayrintili ele alirsak, Grundmeier
ve digerleri (2006) matematik 6grencilerinden belirli integrali tanimlamalarini istemis ve 6grencilerin
tanimlarken alan, anti-tlirev, sonsuz toplam ve sinirl nicelik bulmaya odaklandiklarini bildirmislerdir.
Oberg'in (2000) calismasinda, belirli integrale dair hesaplama, alan, birikim veya toplama, sinirlar
arasindaki toplam degisim, fonksiyon ve soyut bir nesne kategorilerine deginilmistir. Rasslan ve Tall
(2002) belirli integrali alan, hesaplama siireci, 6rnek verme, yanlis cevap ve cevap yok olarak kategorize
etmistir. Yerushalmy ve Swidan'a (2012) gore, x ekseni ile bir grafik arasindaki alan, uzunluk, alan veya
hacimle iliskili Riemann toplami ve anti-tlirev gibi integral kavramina dair odaklanilan farkh noktalar
vardir. Son olarak, Hall (2010) calismasinda, matematik dersi 6grencilerinin belirli integrale iliskin
yanitlarini, Riemann toplami, prosedir, alan, genelleme ve digerleri olmak lizere bes baslik altinda
toplamistir. Diger yandan, bu ¢alismada belirsiz integrale iliskin deginilen birka¢ kavramin, 6grencilerin
belirsiz integrale iliskin yanitlarini ters tirev, alan, genelleme ve diger olmak lizere dort baslik altinda
kodlayan Hall'in (2010) ¢alismasina benzer oldugu séylenebilir. Belirsiz integrale iliskin ¢alismalarin azhig
nedeniyle, bu ¢calisma 6grencilerin belirsiz integrali kavramsallastirmasina iliskin daha derin bir bakis agisi
saglama amacindadir.

Yukarida belirtilen calismalarda belirsiz integral ve belirli integrale iliskin birka¢ benzer kavram rapor
edildigi, ancak kavramlarin siklik sirasinin farkli oldugu goriilmektedir. Belirtildigi gibi, mevcut ¢calismada
en ¢ok bahsedilen kavram sinirdir ve bu sonug siniri en az verilen cevap olarak ifade eden Grundmeier ve

717



Esra Demiray & Elif Saygl — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 50(2), 2021, 698-720

digerlerinin (2006) calismasi ile gelismektedir. Benzer sekilde, Oberg'in (2000) ¢alismasinda, 6grencilerin
belirli integrale bakis acilari ¢ogunlukla alan ve hesaplamadir. Ancak, alan ve hesaplamayi igeren
yanitlarin yiizdeleri bu ¢alismada yiiksek degildir. Kavramlara farkli derecelerde odaklaniimasinin nedeni,
Analiz dersindeki egitmen ve kullanilan ders kitaplarinin icerigiyle ilgili olabilecegi distiniilmektedir.

Belirli integral sorusunda sadece bir katilimci ¢ sabitinin varligindan bahsetse de, bu durum
calismanin  6nemli sonuglari arasinda sayilabilir. Bu bulgu, bazi katihmcilarin belirli integrali
hesapladiktan sonra c sabitinin eklenmesi gerektigini varsaydigini ancak c sabitini eklemek igin makul bir
aciklama 6nermedigini belirten Oberg'in (2000) galismasliyla da benzerlik gdstermektedir. Bunun nedeni,
ogrencilerin genel olarak c sabitinin islevini anlamamalari ve bunu integral surecinde bir kural olarak
kabul etmeleridir. Arastirmalarda ayrica belirsiz integraldeki c sabitinin 6grencilerin zorlandiklari
noktalardan biri oldugu belirtilmistir (Saglam, 2011).

Bu calismanin bir baska sonucu, 6grencilerin hem belirli integral hem de belirsiz integral
actklamalarinda notasyonu kullanmalaridir. Bu sonug, Oberg'in (2000) belirli integrali agiklarken
ogrencilerin notasyonu ve dili dogru kullanamadiklarini bildiren calismasiyla ¢elismektedir. Oberg (2000),
belirli integral anlama sirecince bu konuyu 6grenciler igin bilissel bir engel olarak belirtmistir. Mevcut
¢alismada 6gretmen adaylarinin hem belirli hem de belirsiz integrali tanimlarken notasyonu kullanma
egiliminin nedeni, lisede integral notasyonu ile tanismalari olabilir. Ayrica, 6gretmen adaylari tniversite
giris sinavina hazirlanirken integral Gzerine ¢alismis ve notasyon iceren bir¢ok soruyu ¢dézmustir. Bu
nedenle Universitedeki Analiz dersi dncesi notasyonlara asina olduklari séylenebilir.

Mevcut calismada, ortaokul matematik 6gretmen adaylarinin belirli integral ile belirsiz integral
arasindaki iliskiyi aciklamada oldukga basarisiz olduklari sonucuna ulasiimistir. Katilimcilarin gogunlugu
aralarindaki iliskiye deginmeden sadece bu kavramlarin 6zelliklerini siralamistir. Analizin Temel Teoremi
belirli ve belirsiz integral arasindaki iliskiye isaret etse de (Adams ve Essex, 2010), katilimcilarin bu
teoremi bu baglamda degerlendirmekte ve iliskilendirmekte gliglik yasadig gorilmustir. Katilimcilar
genellikle bu teoremi rutin integral hesaplamalari amaciyla kullandiklarindan, teoremin anlamini
kavramsal olarak 6ziimsememis olabilirler.

Bu calisma, bir Gniversitede okuyan 173 ortaokul matematik 6gretmen adayinin cevaplari ile
sinirhdir. Belirli integrali ve belirsiz integrali kapsamli bir sekilde nasil tanimladiklarini arastirmak igin,
calismaya gortismeler dahil edilebilir. Grundmeier ve digerleri (2006), 6grencilerin belirli integralin
tanimi hakkindaki bilgilerinin rutin integral hesaplamalarini etkileyip etkilemedigine dair higbir ipucu
olmadigini belirtmistir. Ayrica, rutin hesaplama yapma becerilerini, integralleri grafiksel olarak
yorumlamalari ile ilgili olabilecegini ifade etmislerdir. Yapilacak ¢alismalarda matematik O6gretmen
adaylarinin tanimlarinin rutin integral hesaplamalarini nasil etkiledigi arastirilabilir.

“Yiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesi” kapsaminda yer alan tim
kurallara uyulmus ve yénergenin ikinci béliminde yer alan “Bilimsel Arastirma ve Yayin Etigine Aykiri
Eylemlerden” higbiri gergeklestirilmemistir.
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