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Abstract

Exponential and logarithmic functions occupy an important place in both real-world modelling and
mathematics curricula, as they are used to represent processes such as growth, decay, change, and
scaling. Although the concept of the logarithmic function is a fundamental topic in secondary and
undergraduate programmes, it is frequently reported as an area in which students and pre-service
teachers experience conceptual difficulties. Given that pre-service teachers will eventually assume
responsibility for teaching this topic, examining their understanding of the concept of the logarithmic
function is particularly important. This qualitative study aims to investigate pre-service mathematics
teachers’ understanding of the concept of the logarithmic function. The participants were five pre-
service secondary mathematics teachers enrolled at a public university during the spring semester of
the 2024-2025 academic year. The study was conducted as a case study. Data were collected through
a researcher-developed interview form consisting of four open-ended questions under three
categories: (i) the definition and properties of logarithmic functions, (ii) graphs of logarithmic
functions and related features, and (iii) connections between logarithmic functions and real-world
contexts. Semi-structured interviews were conducted, and the data were analysed using content
analysis by coding participants’ statements into subcategories. The findings indicated that
participants had difficulty expressing the defining conditions of logarithmic functions accurately and
consistently, tended to interpret logarithmic graphs mainly as increasing, and associated real-world
contexts largely with the earthquake magnitude scale. In line with these findings, learning
environments should be designed to enhance pre-service teachers’ understanding of the concept of
the logarithmic function.

Keywords: Mathematics education, logarithmic functions, conceptual understanding, pre-service
mathematics teachers.

Introduction

Function is a central concept in mathematics and is regarded as one of the fundamental
components of algebra curricula. It has been stated that students’ having a narrow perspective
on the concept of function may adversely affect their problem-solving processes (Vinner,
1983). Understanding the function concept encompasses a range of learning outcomes that
enable this concept to be used both in various contexts within mathematics and in disciplines
beyond mathematics. Many mathematics educators emphasize that the concept of function is
a central concept in mathematics and is essential for a deep understanding of the subject
(Leinhardt et al., 1990; Trujillo et al., 2023).

When research on the concept of function is reviewed, a general picture emerges:
Students often perceive the function concept as abstract and complex; therefore, they
experience various difficulties and misconceptions in making sense of functions and in using
their function knowledge effectively in problem solving (Aydin, 2000; Dreyfus, 1990; Kieran,
1990; Leinhardt et al., 1990; Selden & Selden, 1992; Tall & Vinner, 1981; Parhizgar et al., 2022).
Focusing specifically on logarithmic functions among function types, the literature reports that
students experience difficulties when solving problems related to exponential and logarithmic
topics, largely because they have not sufficiently constructed the fundamental content of these
topics (Gunawan & Fitra, 2021).

Exponential and logarithmic functions play a fundamental role in many university-level
courses, such as analysis, differential equations, and complex analysis. The literature
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emphasizes that students experience various difficulties when learning these concepts;
therefore, there is a need to improve the teaching of exponential and logarithmic functions
(Confrey & Smith, 1995; Forster, 1998; Rahn & Berndes, 1994). It has been observed that
students’ work with exponential and logarithmic functions often remains at a predominantly
procedural level. Studies have reported that students’ conceptual meanings related to these
functions are insufficient and that they frequently make errors in procedural steps as well
(Confrey & Smith, 1995; Weber, 2002).

In recent years, expectations regarding mathematics education have broadened to
include not only the learning of concepts and principles but also the development of problem-
solving skills. Accordingly, mathematics instruction has increasingly emphasized practices
grounded in learning by doing and experiencing, which activate students’ cognitive and
affective domains (Gafoor & Kurukkan, 2015; Laurens et al., 2018; Ozrecberoglu & Caganaga,
2018). To enable students to move beyond merely applying procedural steps and to become
effective problem solvers with strong conceptual understanding, it is necessary to provide
activities and learning environments that offer opportunities for inquiry and for exploring
mathematical relationships (Ministry of National Education [MoNE], 2013).

In the Republic of Tiirkiye, the mathematics curriculum has been restructured to adapt
to changing social and technological conditions. Updated in 2024, it has been introduced as
the Tiirkiye Century Education Model (Tiirkiye Yiizyil1 Maarif Modeli [TYMM]) and has been
implemented gradually starting from the 2024-2025 academic year. Within this model, five
core skill domains are emphasized for mathematics: mathematical reasoning, mathematical
problem solving, mathematical representation, data-driven thinking and decision making
(working with data), and the effective use of mathematical tools and technologies (MoNE,
2024). These skills require not only the acquisition of mathematical content knowledge, but
also the interpretation and questioning of this knowledge and its connection to real-life
situations. Accordingly, TYMM aims for students to view mathematics not merely as a school
subject, but as a fundamental component of everyday life and scientific thinking processes
(Goger & Kuzu, 2025). Within the TYMM framework, under the theme “Quantities and
Changes,” various function types are addressed from Grade 9 to Grade 12; within this
continuity, the logarithmic function is covered at the Grade 11 level.

In Tirkiye, learning outcomes related to exponential and logarithmic functions were
addressed at the Grade 12 level in the 2018 Secondary School Mathematics Curriculum
(MoNE, 2018). In this context, particularly during the university entrance examination
preparation process, students tend to approach these topics predominantly at a procedural
level without sufficiently focusing on the essence of the concepts and their underlying
meanings, leaving the conceptual dimension in the background; this observation is consistent
with studies reporting difficulties related to exponential and logarithmic functions (Confrey &
Smith, 1995; Ozer, 2023; Weber, 2002). Identifying students’ learning gaps in a given
mathematical topic and taking the necessary measures to remedy them is primarily the
teacher’s responsibility. One of the key factors influencing how effectively a teacher can fulfil
this responsibility is the knowledge base they possess (Shulman, 1986; Fennema & Franke,
1992). Although subject-matter knowledge alone is not sufficient to create an effective
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teaching—learning environment, it is regarded as an indispensable component in designing
and sustaining such an environment (Biitiin, 2012; Celik & Baki, 2007; Fennema & Franke,
1992; Lloyd & Wilson, 1998; Stein et al.,, 1990; Van Dooren et al., 2002). Within this
framework, the present study focuses on pre-service mathematics teachers’ understanding of
the concept of logarithmic function as future educators.

Although logarithmic functions are among the fundamental concepts in both
undergraduate mathematics teacher education programs and the secondary school
mathematics curriculum, they are considered conceptually challenging for students and pre-
service teachers. This makes it important to reveal how pre-service mathematics teachers think
about and explain this concept, as they will be responsible for teaching logarithmic functions
in classroom settings. The aim of this study is to examine secondary mathematics pre-service
teachers’ understanding of the concept of logarithmic function. Accordingly, the study seeks to
identify how pre-service teachers (i) articulate the definition of the logarithmic function and
its basic defining conditions, (ii) interpret the graphical properties of logarithmic functions,
and (iii) establish connections between logarithmic functions and real-life situations.
Moreover, while logarithmic functions were addressed at the Grade 12 level in the 2018
secondary school mathematics curriculum, they were moved to the Grade 11 level in the 2024
TYMM secondary school mathematics curriculum. This shift suggests that the concept has
maintained its importance within the curriculum and that it is intended to be introduced at an
earlier grade level. Given the central place of logarithmic functions in curricula and the fact
that they are frequently reported in the literature as conceptually challenging for students and
pre-service teachers, determining pre-service teachers’ understanding of this concept is
particularly important. In this respect, the study offers an original contribution to the literature
by addressing pre-service teachers’ understanding of the concept of logarithmic function not
only in terms of how they define logarithmic functions, but also in terms of their understanding
of the graphs of logarithmic functions and the relationships they establish with real-life
situations. In the relevant literature, studies conducted in the context of pre-service teachers
that address the concept of logarithmic function through these dimensions together appear to
be limited.

Within this framework, the study seeks to answer the following research question:
“What is the nature of pre-service mathematics teachers’ understanding of the logarithmic
function concept?” In line with this research question, the following sub-questions are
addressed:

1. What is the nature of pre-service mathematics teachers’ understanding of the
definition and properties of the logarithmic function concept?

2. What is the nature of pre-service mathematics teachers’ understanding of the graphs
of logarithmic functions?

3. What is the nature of pre-service mathematics teachers’ understanding of the
relationship between logarithmic functions and real-life situations?
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Method

Research Design

This study was conducted using a case study design, one of the qualitative research
approaches. A case study is used to explain what occurs within a bounded system—defined in
terms of time and place—and to describe and interpret the case in depth (Merriam, 1998). In
this research, the case under investigation is the in-depth examination of pre-service
mathematics teachers’ understanding of the concept of logarithmic function.

Participants

Pre-service mathematics teachers were selected through purposive sampling,
specifically criterion sampling and convenience sampling. First, in line with convenience
sampling, the participants were recruited from among pre-service mathematics teachers
enrolled in the undergraduate mathematics teacher education program at a public university
in Ankara.

Within the framework of criterion sampling, the inclusion criteria were that the
participants had successfully completed Analysis I, Analysis II, and Analysis III in the
mathematics teacher education program and had volunteered to participate in the study.
Analysis I, is offered in the first year of the program, and exponential and logarithmic functions
are addressed within the scope of this course. In order to ensure that a certain period of time
had elapsed after instruction on these topics, second-year pre-service teachers were not
included in the study. Fourth-year pre-service teachers were also excluded due to such factors
as the intensive workload of the Teaching Practicum course and their heightened concerns
regarding post-graduation issues.

As the research required an in-depth analysis process, the number of participants was
kept below ten (Yildirnm & Simsek, 2016). Accordingly, the study was conducted with five
third-year pre-service teachers enrolled in the mathematics teacher education program at a
public university. Four of the participants were female and one was male. To ensure
confidentiality, the participants were coded as PT1, PT2, PT3, PT4, and PTs5.

Data Collection Tool

In developing the data collection tool, the relevant literature on the concept of
logarithmic function was first reviewed, and a draft interview form was prepared in line with
the sub-questions of the study. The questions included in the draft form were designed to
reveal pre-service teachers’ knowledge of the definition of logarithmic function, their
understanding of its graphical properties, and the connections they established with real-life
examples. The draft questions were submitted to two experts in mathematics education for
evaluation in terms of content validity and clarity. In line with the expert feedback, some of the
question statements were revised in terms of wording and scope, and the interview form was
finalized. The finalized form consisted of four open-ended questions, which are presented
below:

1. What conditions are required for a logarithmic function to be defined?

2. How would you explain a logarithmic function beyond its formal definition?
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3. What can you say about the graphs of logarithmic functions? What do you pay
attention to when drawing the graph of a logarithmic function?

4. Can you give an example of a logarithmic function encountered in real life?

The first two questions aim to elicit the pre-service teachers’ knowledge of the definition
and fundamental properties of the logarithmic function and their understanding of how they
explain and/or apply this knowledge. The third question focuses on their understanding of the
graphs of logarithmic functions by examining how they describe key graphical properties and
what aspects they consider when sketching the graph of a logarithmic function. The fourth
question aims to examine their understanding of providing examples and making connections
regarding when and how logarithmic functions are used in real-life contexts.

Data Collection Process

After obtaining the necessary official permissions, the participants met with the
researcher in a quiet classroom, and semi-structured interviews were conducted individually
with each participant. Each interview lasted approximately fifteen minutes. The interviews
were carried out with the participants’ knowledge and consent and were audio-recorded using
a voice recorder.

Data Analysis

The data collected in this study were analyzed using content analysis. In this process,
the pre-service teachers’ responses to the four questions were examined repeatedly for each
question and each participant. The codes were derived from the data through repeated
examination of the participants’ responses. No predetermined code list was used; rather, the
responses were grouped according to similarities and differences in content, and the codes
were generated based on these groupings. The codes were labeled with statements that
represented the pre-service teachers’ solution and explanation processes. The codes were
reviewed again, and the final code list was established through the researchers’ joint
evaluation.

During the analysis process, the researchers examined each participant’s response to
each question individually and matched the responses with the most appropriate codes. An
inter-coder reliability coefficient of 92% was calculated, which is above the 70% threshold
recommended by Miles and Huberman (1994), indicating that the coding was reliable. After
the coding process, responses were classified according to the codes, and the findings were
presented in tables using descriptive statistics (frequencies and percentages). In interpreting
the findings, direct quotations from the participants’ responses were also included where
necessary.

Limitations
This study is limited to five pre-service mathematics teachers studying at a public
university during the spring semester of the 2024—2025 academic year. The study is limited to

the topic of logarithmic functions. The data of the study are limited to those obtained through
the interview form developed by the researcher.

161



Tiirk Akademik Yaywnlar Dergisi (TAY Journal), 2026, 10(1), 156-182

Ethical Permits of Research:

In this study, all the rules specified to be followed within the scope of “Higher Education
Institutions Scientific Research and Publication Ethics Directive” were complied with. None of
the actions specified under the heading “Actions Contrary to Scientific Research and
Publication Ethics”, which is the second part of the directive, have been taken.

Ethics Committee Permission Information:

Name of the committee that made the ethical evaluation = Hacettepe University
Institute of Educational Sciences Research Ethics Committee

Date of ethical review decision= 5 February 2025
Ethics assessment document issue number= E-82474949-050-00004035972
Findings

The findings derived from the analysis of the data obtained through the interviews
conducted to examine pre-service mathematics teachers’ understanding of the logarithmic
function concept in depth are presented below in relation to the research questions.

Findings Related to the Question “What Conditions Are Required for
a Logarithmic Function to Be Defined?”

The prominent aspects reflected in the pre-service mathematics teachers’ definitions
regarding their understanding of the definition and fundamental properties of the logarithmic
function were grouped into five subcategories: the base condition of the logarithmic function,
the independent variable (x), establishing a connection with the exponential function, function
properties, and no response/uncertainty. Table 1 presents the codes for the pre-service
teachers and the subcategories associated with these codes.

log, x = y therefore, the following table was prepared;

Table 1.

Pre-service Mathematics Teachers’ Statements Regarding the Definition and Properties of the
Logarithmic Function

Subcategory Code Pre-service teachers f %
Positive base (a > 0) PT2, PT4, PT5 3

Base condition (a) a>1 PT1, PT4 2 38
a#*l PT2 1
Positive integer base (a is a positive integer) PT1, PT4 2

Independent variable Magnitude condition of x

of thg logarithmic (x >g oorx>1) PT1, PT2, PT4, PT5 4 28

function (x) Non-equality condition of x (x # 0orx+1) PT4, PT5 2

Relating to the Symbolic representation (x = av) PT1 Loy

exponential function  Emphasis on the inverse function PT2 1

Function properties Emphasis on injectivity and surjectivity PT2 Loy
Emphasis on continuity PT3 1

No response / Awareness of lack of knowledge PT1, PT3, PT5 3 14

Uncertainty

Under the subcategory “base condition (a),” the pre-service teachers used different
statements. Within the code “emphasis on a positive base (a>0),” they stated that the base
must be positive. In this regard, PT2, PT4, and PT5 indicated that the base should be a positive
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number or a positive real number. Under the code “a>1,” there were explanations suggesting
that the base must be greater than 1. Accordingly, PT1 and PT4 stated that the base of the
logarithmic function should be a number greater than 1. Under the code “a + 1,” participants
expressed that the base of a logarithmic function cannot be equal to 1. Finally, under the code
“integer,” there were explanations in which the base was considered as an integer. The pre-
service teachers’ statements are presented below:

“Let log, x = y; among these given numbers, a needs to be greater than... I couldn’t
really remember...” (PT1).

“The exponent goes from one to infinity. And I think the base is a positive integer...”
(PT4).

The codes under the subcategory “independent variable (x) of the logarithmic function”
are explained as follows.

Under the code “magnitude condition of x,” there were statements indicating that x
must satisfy a certain magnitude condition. In this context, PT1, PT2, PT4, and PTj5 stated that
X>0 or x>1 is required.

Under the code “non-equality condition of x,” PT4 and PT5 stated that x+0 or x#1 is
required.

The participants’ statements from which these codes were derived are given below:
“If I say log, x =y, then x has to be greater than zero...” (PT2).

“For a logarithmic function to be defined, the inside part shouldn’t be zero... In
log, x = y here, what I mean, professor, is that x shouldn’t be zero. That’s it; I can’t remember
anything else at the moment.” (PT5).

The codes under the subcategory “relating to the exponential function” are as follows.

Under the code “symbolic representation,” participants provided explanations
indicating that a logarithmic expression can be written symbolically in exponential form.

Under the code “emphasis on the inverse function,” participants made statements in
which the logarithmic function was considered in an inverse relationship with the exponential
function. In this regard, PT2 described the logarithmic function as the inverse of the
exponential function. The participants’ statements are presented below:

“We should be able to write this expression as x=a¥; maybe that could be,
characteristically, the definition of the logarithm...” (PT1).

“Because the logarithmic function is the inverse of the exponential function...” (PT2).
The codes under the subcategory “function properties” were expressed as follows.

Under the code “emphasis on injectivity and surjectivity,” participants made
statements associating the logarithmic function with being one-to-one and onto. In this
context, PT2 stated that a logarithmic function should be one-to-one and onto.
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Under the code “emphasis on continuity,” there were statements referring to the
continuity of the logarithmic function. In this regard, PT3 characterized the logarithmic
function as a continuous function.

Finally, under the subtheme “no response/uncertainty,” the code “awareness of lack of
knowledge” includes statements indicating that the pre-service teachers did not consider their
knowledge about logarithmic functions sufficient or could not recall certain points. In this
context, PT1, PT3, and PT5 stated that they could not remember some aspects related to the
definition or defining conditions of the logarithmic function, or that they were aware of their
lack of knowledge in this regard.

Findings Related to the Question “How Would You Explain a
Logarithmic Function Beyond Its Formal Definition?”

The prominent aspects reflected in the pre-service mathematics teachers’ explanations
of the logarithmic function beyond its formal definition were grouped into three subcategories:
the exponential-logarithmic relationship, logarithmic scaling and representation, and
symbolic representation. Table 2 presents the codes for the pre-service teachers and the
subcategories associated with these codes.

Table 2.

Pre-service Mathematics Teachers’ Statements Regarding the Non-formal Definitions of the
Logarithmic Function

Subcategory Code Pre-service teachers f %

Expo'nentlgl—logarlthmlc Logarithm as an exponent PT1 1 17

relationship

Logarithmic scaling and Intensity of increase PT2 1

representation Representing large numbers PT5 p 33

Svmbolic representation Association with the “log” symbol PT3 L
Y P Association with the “In” symbol PT3, PT4 o O

When the pre-service teachers’ statements regarding how they made sense of the
logarithmic function concept beyond its formal definition were examined, it was found that,
under the code “logarithm as an exponent,” there were explanations linking the logarithmic
function concept to an exponential expression. In this context, PT1 stated:

“If the given number is a certain power of the number aaa, then the value of x here
will correspond to that. In other words, we can reach a conclusion such as which number is
the nth power of which number.” (PT1).

Within the subcategory “logarithmic scaling and representation,” under the code
“intensity of increase,” there were statements in which the logarithmic function was discussed
in relation to the magnitude of increases. In this context, PT2 stated:

“I know that the logarithmic function is used to explain not certain increases—for
example, not increases by tens—but larger increases. For instance, in the earthquake
example, the difference between 6.5 and 7.5 is not just 1; there is an increase of thousands.”
(PT2).

Under the code “representing large numbers,” PT5 stated:
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“It feels like a representation that helps us express large numbers. With a logarithmic
base, we can write large numbers more easily.” (PT5).

Finally, within the subtheme “symbolic representation,” under the code “association
with the ‘log’ symbol,” there were explanations indicating that the concept of logarithm was
directly associated with the expression “log.” Under the code “association with the ‘In’ symbol,”
there were explanations in which the logarithmic function was specifically associated with the
symbol “In.” In this context, PT4 stated:

“When I think of the logarithmic function, it mostly comes to mind in the form with
‘In.” Questions are always in the ‘In’ form.” (PT4).
Findings Related to the Question “What Can You Say About the

Graphs of Logarithmic Functions? What Do You Pay Attention to When
Drawing the Graph of a Logarithmic Function?”

The pre-service mathematics teachers’ explanations regarding their understanding of
the graphs of logarithmic functions were coded under the following subcategories: graph
construction strategies, increasing/decreasing function, asymptote, and no response. In this
section, the codes under each subcategory and the corresponding participant statements are
presented descriptively. Table 3 presents the codes for the pre-service teachers and the
subcategories associated with these codes.

Table 3.

Pre-service Mathematics Teachers’ Statements Regarding the Graphs of Logarithmic Functions
Subcategory Code Pre-service teachers f %
Graph construction . .
strategies Focusing on the domain/range PT3, PT5 2 14

Genergl perception of increasing PT4, PT5 5
behavior
. . . . PT2 1
Increasing/decreasing Continuous but non-linear
. . PT3, PT5 2 58
function Domain/range-focused approach
PT2, PT4 2
Dependent on the base PT 1
Sign of the logarithmic expression 5
Asymptote Approaching but not reaching PT4 1
Horizontal asymptote PT1 1 21
Approaching the line (y=1) PT1 1
No response Awareness of lack of knowledge PT3 17

Within the subcategory “graph construction strategies,” under the code “focusing on
the domain/range,” there were statements indicating that, when constructing the graph of a
logarithmic function, participants relied on the domain and range. In this context, PT3 and
PT5 stated that they proceeded by considering the domain and the range while drawing the
graph.

Under the subcategory “increasing/decreasing function,” different types of statements
regarding whether the function increases or decreases were coded. Under the code “general
perception of increasing behavior,” there were explanations suggesting that a logarithmic
function is generally an increasing function. Under the code “continuous but non-linear,” PT2
stated that the increase occurs continuously but in a non-linear manner. Under the code
“domain/range-focused approach,” there were statements indicating that the domain and
range were consulted to determine whether the function is increasing or decreasing. Under the
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code “dependent on the base,” participants stated that whether the function is increasing or
decreasing is determined by the base. In this regard, PT2 and PT4 noted that the function is
decreasing when the base is between 0 and 1, and increasing when the base is greater than 1.
Under the code “sign of the logarithmic expression,” PT5 stated that whether the function is
increasing or decreasing is determined by the sign in front of the logarithmic expression.
Examples of the participants’ statements are provided below:

“Whether it is increasing or decreasing is determined by the base. If the base is
between zero and one, it is decreasing; if it is greater than one, it is increasing...” (PT2).

“When drawing the graph, we look at the domain; it cannot be negative. Whether it is
increasing or decreasing is determined by the sign in front of the logarithm. Generally, it is
increasing...” (PT5).

Under the subcategory “asymptote,” statements regarding the asymptotic behavior of
logarithmic functions were coded. Under the code “approaching but not reaching,” there were
explanations indicating that the graph approaches a certain value but does not reach it. Under
the code “horizontal asymptote,” there were statements suggesting that the logarithmic
function has a horizontal asymptote. Under the code “approaching the line y=1,” there were
explanations indicating that the graph approaches the line y=1. The participants’ statements
are presented below:

“I remember that it generally approaches some value but cannot reach it...” (PT4).

“I think it has a horizontal asymptote. It should be an increasing function that
approaches 1 as you move to the right.” (PT1).

Finally, under the subcategory “no response,” statements reflecting uncertainty
regarding participants’ own knowledge level were coded. Under the code “awareness of lack of
knowledge,” there were statements indicating that some properties of the graph of the
logarithmic function could not be recalled. In this context, PT3 stated that they “could not
remember very well” some details related to the graph.

Findings Related to the Question “Can You Give an Example of a
Logarithmic Function Encountered in Real Life?”

Pre-service mathematics teachers’ understanding of the real-life uses of logarithmic
functions was coded under the following subcategories: scale-based examples, emphasis on the
logarithmic base, and the exponential-function context. Table 4 presents the codes for the pre-
service teachers and the subcategories associated with these codes.

Table 4.

Pre-service Mathematics Teachers’ Statements Regarding the Real-life Uses of the Logarithmic
Function

Subcategory Code Pre-service teachers f %
Scale-based examples E;Iitehquake magnitude PT2, PT4, PT5 3 50
Emphasis on the logarithmic base Base-10 logarithm PT1 1 17
Exponential-function context Biology / bacterial growth  PT3, PT4 2 33
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Under the code “earthquake magnitude scale,” there were statements referring to the
use of logarithms in scales related to earthquakes. In this context, PT2, PT4, and PT5 stated
that logarithms are used in earthquake applications and in the earthquake magnitude scale,
and that a logarithmic structure is employed to measure earthquakes or to express earthquake
magnitudes. The participants’ statements are presented below:

“...For example, in the earthquake case, the difference between 6.5 and 7.5 is not just
1; there is an increase of thousands.” (PT2).

“We used it in earthquake applications to measure it.” (PT5).

Under the code “base-10 logarithm,” PT1 made statements specifically emphasizing
base 10. PT1 noted that base-10 logarithms are widely used and stated that, when giving an
example, one could proceed by considering logarithms with base 10.

Within the subcategory “exponential-function context,” under the code
“biology/bacterial growth,” there were statements indicating that logarithmic and exponential
structures were discussed in a biological context. PT4 stated:

“It is used in the earthquake scale and in the rate of bacterial growth...” (PT4).

Discussion and Conclusion

In this study, pre-service mathematics teachers’ understanding of the concept of
logarithmic function was examined in depth. To this end, three sub-questions were addressed.
The first sub-question focused on the participants’ understanding of the definition of the
logarithmic function. The prominent aspects in the definitions provided by the pre-service
teachers were grouped into five subcategories: the base condition of the logarithmic function,
the independent variable (x), relating the logarithmic function to the exponential function,
function properties, and no response/uncertainty. An examination of the distribution of codes
indicates that the highest proportion clustered under the base condition (aaa) subcategory
(38%), followed by the independent variable (x) subcategory (28%). In contrast, the
subcategories of relating to the exponential function and function properties were represented
at lower rates (10% and 10%, respectively), and codes reflecting no response/uncertainty also
appeared at a non-negligible level (14%).

The findings regarding the base condition of the logarithmic function indicate that the
pre-service teachers had difficulty expressing the conditions that determine the base of a
logarithmic function in a complete and general form. They tended to reduce the base
conditions to specific cases and articulated them in a limited manner. One group of
participants emphasized that the base must be positive (a>0), demonstrating a basic awareness
that the base cannot be negative (PT2, PT4, PT5). Some participants restricted the base with
respect to 1, stating that the base must be greater than 1 (a>1) or cannot be equal to 1 (a#1)
(PT1, PT2, PT4). In addition to these findings, the fact that some participants described the
base as an “integer” or a “positive integer” (PT1, PT4) suggests that situations in which the base
can be a real number were overlooked, and that the base condition was generally represented

” <«

in their thinking as “positive,” “greater than one,” and “mostly an integer.”

167



Tiirk Akademik Yaywnlar Dergisi (TAY Journal), 2026, 10(1), 156-182

The findings regarding the independent variable of the logarithmic function indicate
that a considerable proportion of the pre-service teachers referred to the condition x>0x>0x>0
and emphasized that “the expression inside must be positive” (PT1, PT2, PT4). In addition,
some participants expressed the condition for the independent variable in terms of “non-
equality” (x+0, x#1) and, particularly through statements such as “the inside part should not
be zero,” treated the condition x>0 in a narrowed form as x+0 (PT4, PT5). This suggests that
the participants could not fully differentiate, at a cognitive level, between the conditions a+1
and x>0 in the definition of the logarithmic function; although they recalled that there are
“certain values that cannot be equal,” they had difficulty clarifying which variable each
condition corresponds to. In the subcategory “no response/uncertainty,” the coding of three
participants (PT1, PT3, PT5) as “awareness of lack of knowledge” indicates that some pre-
service teachers recognized their insufficiencies regarding the definition and properties of
logarithmic functions and did not feel confident about this topic. The conclusions drawn from
the findings of the present study are consistent with studies reporting that students experience
difficulties in defining logarithmic functions accurately and consistently (Akkus, 2004;
Campo-Meneses et al., 2021).

The prominent aspects in the pre-service mathematics teachers’ explanations reflecting
their understanding of the logarithmic function concept beyond its formal definition were
identified under three subcategories: the exponential-logarithmic relationship, logarithmic
scaling/representation, and symbolic representation. The fact that the codes “intensity of
increase” (PT2) and “representing large numbers” (PT5), both under the subcategory
“logarithmic scaling and representation,” together accounted for 33% indicates that some pre-
service teachers made sense of the logarithmic function particularly in terms of explaining
large increases and representing large numbers in a more compact form. For these
participants, the logarithmic function is positioned not only as an algebraic expression but also
as a tool that rescale magnitudes. The highest proportion in the table, however, was observed
in the subcategory “symbolic representation” (50%). The statements grouped under the codes
“association with the ‘log’ symbol” and “association with the ‘In’ symbol” suggest that, for a
substantial portion of the participants, the symbols log and In were the first associations that
came to mind when thinking about logarithmic functions (PT3, PT4). This indicates that,
within the group, the logarithmic function was predominantly evoked through symbolic
notation. This result is consistent with Kastberg’s (2002) study, which reported that students
often view the concept of logarithmic function primarily as a symbolic representation or as a
procedure to be carried out.

The second sub-question of the study focused on how the pre-service teachers
interpreted the graphs of logarithmic functions and their understanding of these graphs. The
pre-service mathematics teachers’ explanations regarding the graph of the logarithmic
function were coded under the subcategories of graph construction strategies,
increasing/decreasing function, asymptote, and no response. Overall, the participants tended
to focus primarily on increasing/decreasing behavior (58%) and asymptotic behavior (21%)
when making sense of the graph of a logarithmic function. However, in both areas, accurate
criteria (e.g., base-dependent behavior and the idea of approaching but not reaching) co-
occurred with  confused or incomplete representations (e.g., determining
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increasing/decreasing behavior based on the sign, referring to a horizontal asymptote, or
claiming that the graph approaches the line y=1). While some participants addressed the graph
more systematically through the domain/range and the base condition, others confused the
behavior of logarithmic functions with the graph of the exponential function or interpreted it
based on superficial cues such as coefficients and the sign of the logarithmic expression. These
results are consistent with the findings of Quinio and Cuarto (2023), who reported that
students experience difficulties in making sense of the behavior of logarithmic function graphs
and in constructing accurate graphical representations.

The third sub-question of the study focused on the pre-service teachers’ understanding
of providing examples and making connections regarding when and how logarithmic functions
are used in real-life contexts. Three of the five participants (PT2, PT4, PT5) explained the
relationship between logarithmic functions and real life through the earthquake scale; this
indicates that more than half of the participants primarily associated logarithmic functions
with Richter-type scales. This preference may be related to the fact that the earthquake scale
is frequently used as an example in applications of logarithmic functions at the secondary
school level. This finding is consistent with the 2018 secondary school mathematics
curriculum, which presents contexts such as earthquake magnitude (Richter scale), pH value,
and sound intensity (decibel) as examples of real-life situations modeled by exponential and
logarithmic functions (MoNE, 2018). Gol Tabaghi (2007) also refers to logarithmic scales such
as Richter, pH, and decibel as examples of applications of the logarithmic function in different
fields. In addition, Budinski and Takaci (2013) discuss the Richter scale as one of the real-life
contexts used in the teaching of logarithms. In addition, two participants (PT3, PT4; 33%)
referred to biological, exponential processes such as bacterial growth when providing an
example of a logarithmic function. Taken together, these findings suggest that pre-service
teachers tended to make sense of logarithmic functions in real life mainly through familiar
examples such as the earthquake scale, while some participants also invoked exponential
growth processes in their explanations, at times addressing logarithmic and exponential
relationships in an intertwined manner. The fact that participants referred to exponential
processes such as bacterial growth while explaining logarithmic functions is consistent with
studies showing that exponential and logarithmic models are often taught around the same
real-life contexts and that students have difficulty distinguishing between these two concepts
(Borji et al., 2023; Engbersen, 2009).

This study presents pre-service mathematics teachers’ understanding of the concept of
logarithmic function in terms of definition, graph, and giving real-life examples. The findings
show that pre-service teachers were able to express some fundamental elements related to
logarithmic functions; however, in some cases, they articulated the defining conditions
incompletely or incorrectly, experienced uncertainties in their knowledge of graphical
properties, and explained real-life examples mostly through limited contexts. This suggests
that not only procedural knowledge but also conceptual understanding is important in the
teaching of the concept of logarithmic function. Indeed, the literature emphasizes that
exponential and logarithmic concepts involve difficulties for students, that understanding the
idea of logarithm requires more than simply presenting the definition and having students
carry out procedural applications, and that real-life contexts can support the understanding of
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these concepts (Borji et al., 2023; Kuper & Carlson, 2020; Weber, 2002). In this respect, the
study contributes to the literature by addressing pre-service mathematics teachers’
understanding of the concept of logarithmic function through multiple dimensions.

Recommendations

This study is based on in-depth interviews conducted with a limited number of pre-
service teachers. For future research, it is recommended to work with larger samples; to
include different participant groups (e.g., high school students and teachers); and to support
and examine understandings of the logarithmic function concept through quantitative data in
a comparative manner.

Based on the findings of the study, it is important that the teaching of logarithmic
functions should not be limited to the procedural aspect of the concept, but should also address
its definition, graphical properties, and real-life examples together. In order to support pre-
service mathematics teachers’ understanding of the concept of logarithmic function, it may be
useful to include instructional processes that center conceptual learning. In this respect, it may
be recommended to increase graph-based activities, to address different representations of
logarithmic functions together, and to integrate technology-supported applications into the
teaching process.
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Matematik Ogretmeni Adaylarinin
Logaritmik Fonksiyon Kavramina
Yonelik Anlayislarinin Incelenmesi

* 2017 o

Ozet

Giiniimiizde iistel ve logaritmik fonksiyonlar; biiylime, azalma, degisim ve 6lgeklendirme siireglerinin
modellenmesi agisindan hem gercek yasamda hem de matematik 6gretim programlarinda énemli bir
yere sahiptir. Logaritmik fonksiyon, ortadgretim ve lisans diizeyindeki programlarda temel kavramlar
arasinda bulunmasina ragmen 6grenciler ve 6gretmen adaylar1 tarafindan kavramsal acidan giigliik
yasanan konular arasinda gosterilmektedir. Ogretmen adaylarinin ileride bu konuyu smif ortaminda
ogretme sorumlulugunu iistlenecek olmalari, logaritmik fonksiyona iliskin anlayislarinin incelenmesini
onemli kilmaktadir. Calismanin amaci, matematik Ogretmeni adaylarinin logaritmik fonksiyon
kavramina yonelik anlayislarini incelemektir. Aragtirmanin katiimeilarini, 2024-2025 egitim 6gretim
yili bahar doneminde bir devlet {iniversitesinde 6grenim goren bes ortadgretim matematik 6gretmeni
aday1 olusturmaktadir. Calisma, nitel arastirma yontemlerinden durum calismasi deseniyle
yliriitiilmiistiir. Veri toplama araci olarak arastirmaci tarafindan gelistirilen ve dort acik uclu sorudan
olusan bir goriisme formu kullamilmistir. Sorular, “logaritmik fonksiyonun tanimi ve ozellikleri”,
“logaritmik fonksiyonun grafikleri ve 6zellikleri” ve “logaritmik fonksiyon ile gercek yasam iligkisi”
olmak iizere ii¢ kategori altinda toplanmistir. Veriler yar1 yapilandirilmig goriismeler yoluyla toplanmas,
icerik analiziyle c¢oziimlenmis ve O0gretmen adaylarinin ifadeleri alt kategoriler ve kodlar altinda
siiflandirilmigtir. Bulgular, 6gretmen adaylarinin logaritmik fonksiyonun tanim kosullarini dogru ve
tutarh bicimde ifade etmekte zorlandiklarini, logaritmik fonksiyonlarin grafiklerini genellikle artan bir
yap1 olarak yorumladiklarimi ve gercek yasam baglamlarini agirlikli olarak deprem o6lgegi Ornegiyle
stmirh tuttuklarini gostermektedir. Elde edilen bulgular dogrultusunda, oOgretmen adaylarinin
logaritmik fonksiyon kavramina iligkin anlayiglarini gelistirmeye yonelik 6grenme ortamlarinin
tasarlanmasi 6nerilmektedir.

Anahtar Kelimeler: Matematik egitimi, logaritmik fonksiyonlar, kavramsal anlayis, matematik
Ogretmeni adaylari.

Giris

Fonksiyon kavramina iliskin arastirmalar incelendiginde genel olarak su tablo ortaya
cikmaktadir: Ogrenciler fonksiyon kavramimi cogu zaman soyut ve karmagik olarak
algilamakta; bu nedenle, fonksiyonlar1 anlamlandirmada ve fonksiyonlara iligkin bilgilerini
problem c¢ozmede etkili bir sekilde kullanmada cesitli giicliikler ve kavram yanilgilar
yasamaktadirlar (Aydin, 2000; Dreyfus, 1990; Kieran, 1990; Leinhardt vd., 1990; Selden &
Selden, 1992; Tall & Vinner, 1981; Parhizgar vd., 2022). Fonksiyon tiirleri icerisinde logaritmik
fonksiyona odaklanildiginda ise alan yazininda 6grencilerin iistel ve logaritma konularinin
temel igeriklerini yeterince yapilandiramadiklar: icin bu konularla ilgili sorulari ¢ézerken
giicliikler yasadiklar1 gozlemlenmistir (Gunawan & Fitra, 2021). Literatiir incelendiginde iistel
ve logaritmik fonksiyonlarin daha ¢ok islemsel diizeyde kaldig1 gozlemlenmektedir.
Ogrencilerin bu kavramlara iliskin anlamlarinin kavramsal acidan yetersiz kaldig1 ve islem
basamaklarinda da sikg¢a hatalar yaptiklari rapor edilmistir (Confrey & Smith, 1995; Weber,
2002).
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Son yillarda matematik egitimine iligskin beklentiler; kavram ve ilke Ogrenimi ile
problem ¢ozme becerisinin gelistirilmesini de kapsayacak bicimde genislemistir. Bu nedenle
matematik ogretiminde, o6grencilerin biligsel ve duyussal yonlerini etkinlestiren, yaparak-
yasayarak 6grenmeye dayali uygulamalara agirlik verildigi goriilmektedir (Gafoor & Kurukkan
2015; Laurens vd., 2018; Ozrecberoglu & Caganaga, 2018).

Tiirkiye Cumhuriyetinde matematik dersi 6gretim programi, degisen toplumsal ve
teknolojik kosullara uyum saglamak amaciyla yeniden yapilandirilmig ve 2024 yilinda
giincellenerek Tiirkiye Yiizyilh Maarif Modeli [TYMM] adiyla 2024-2025 egitim-6gretim
yilindan itibaren kademeli olarak uygulamaya konulmustur. TYMM, 6grencilerin matematigi
yalmzca ders kapsaminda degil, giindelik yasamin ve bilimsel diisiinme siireclerinin temel
unsurlarindan biri olarak gormelerini hedeflemektedir (Gocer & Kuzu, 2025). TYMM
cercevesinde “Nicelikler ve Degisimler” temasi altinda 9. siiftan 12. smifa kadar farkh
fonksiyon tiirlerine yer verilmekte; logaritmik fonksiyon ise bu biitiinliik icerisinde 11. sinif
diizeyinde ele alinmaktadir. Logaritmik fonksiyonlar, 2018 ortaogretim matematik dersi
ogretim programinda 12. simif diizeyinde ele alinirken, 2024 TYMM ortaogretim matematik
dersi Ogretim programinda 11. sinif diizeyine tasinmis ve boylece kavramin o6gretim
programlarindaki onemini korumaya devam ettigi gibi daha erken simif diizeyinde ele
alinmasinin hedeflendigi goriilmiistiir. Logaritmik fonksiyonun 6gretim programlarinda temel
bir yer tutmasi ve alan yazininda ogrenciler ile 6gretmen adaylar i¢in kavramsal acidan
zorlayici bir kavram olarak gosterilmesi, gelecegin Ogreticileri olan 6gretmen adaylarinin bu
kavrama iligkin anlayislarinin belirlenmesini 6zellikle onemli kilmaktadir.

Bu dogrultuda arastirmanin amaci, orta0gretim matematik O0gretmeni adaylarinin
logaritmik fonksiyon kavramina yonelik anlayislarimi incelemektir. Bu amag¢ dogrultusunda
“Matematik Ogretmeni adaylarimin logaritmik fonksiyon kavramina yonelik anlayislar
nasildir?” sorusuna yanit aranmistir. Bu problem dogrultusunda ise asagidaki alt problemlere
yanit aranmaigtir.

1. Matematik oOgretmeni adaylarinin logaritmik fonksiyon kavraminin tanimi ve
ozelliklerine yonelik anlayislar: nasildir?

2. Matematik 6gretmeni adaylarinin logaritmik fonksiyonlarin grafiklerine yonelik
anlayislar1 nasildir?

3. Matematik 6gretmeni adaylarinin logaritmik fonksiyon kavrami ile gercek yasam
durumlar arasindaki iligkiye yonelik anlayislar: nasildir?

Yontem

Arastirma Deseni

Bu arastirma, nitel aragstirma yaklasimlarindan durum calismasi1 deseniyle
yuriitilmiistiir. Durum calismasi, zaman ve mekan bakimindan simnirlar1 belirlenmis bir
sistemde ele alman olgunun ayrintilhi bicimde betimlenmesi ve yorumlanmasim
amaclamaktadir (Merriam, 1998). Bu calismada incelenen durum, matematik o6gretmeni
adaylarmin logaritmik fonksiyon kavramina yonelik anlayiglarinin derinlemesine ortaya
konulmasidir.
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Katilimcilar

Calisma grubundaki 6gretmen adaylar1 amagh érnekleme kapsaminda 6l¢iit 6rnekleme
ve kolay ulagilabilir o6rnekleme ile belirlenmistir. Katihmcilar, Ankara’da bir devlet
liniversitesinin matematik 6gretmenligi lisans programinda O6grenim goren Ogretmen
adaylarmdan secilmistir. Olciit olarak Analiz I, Analiz II ve Analiz III derslerini basariyla
tamamlamis olma ve arastirmaya goniilli katillm esas alinmistir. Derinlemesine analiz
gerektiren yapi nedeniyle calisma grubu 10’u gecmeyecek sekilde sinirlandirilmis (Yildirim &
Simsek, 2016) ve arastirma iiciincii sinifta 6grenimine devam eden bes 0gretmen adayiyla
(dordii kadin, biri erkek) yiiriitiilmiistiir. Gizlilik ilkesi dogrultusunda katihmcilar O1-O5
seklinde kodlanmstir.

Veri Toplama Araci

Aragtirmanin verileri, arastirmaci tarafindan gelistirilen ve dort problem durumundan
olusan goriisme formu araciligiyla toplanmistir. Formda yer alan problem durumlar: agsagida
verilmigtir:

1. Logaritmik fonksiyonun tanimh olmasi i¢in gereken kosullar nelerdir?
2. Logaritmik fonksiyonu formal tanim1 disinda nasil agiklarsimz?

3. Logaritmik fonksiyonlarin grafiklerine iliskin neler soyleyebilirsiniz? Logaritmik
fonksiyonun grafigini cizerken nelere dikkat edersiniz?

4. Gercek yasamda karsimiza cikan bir logaritmik fonksiyon 6rnegi verir misiniz?

ilk iki problem, 6gretmen adaylarmim logaritmik fonksiyonun tammi ve temel
ozelliklerine iligkin bilgilerini ve bu bilgileri aciklama/uygulama bigimlerine yonelik
anlayislarim1 ortaya cikarmayi, ticlincii problem adaylarin logaritmik fonksiyonlarin
grafiklerine iligskin anlayislarini; grafiklerin temel 6zelliklerini nasil ifade ettiklerini ve bir
logaritmik fonksiyonun grafigini cizerken hangi noktalara dikkat ettiklerini ve dordiincii
problem logaritmik fonksiyonun gercek yasamda hangi durumlarda ve nasil kullanildigina dair
ornek verme ve iligkilendirme becerilere yonelik anlayiglarini incelemeyi hedeflemektedir.

Veri Toplama Siireci

Gerekli yasal izinlerin alinmasinin ardindan, katihmcilarla sessiz bir sinifta bir araya
gelinmis ve her bir katihmci ile bireysel olarak yaklasik on bes dakika siiren yar1 yapilandirilmig
goriismeler gerceklestirilmistir. Yapilan goriismeler, 6gretmen adaylarinin bilgisi ve onay1
dahilinde yiiriitiilmiis ve ses kayit cihazi araciligiyla kaydedilmistir.

Veri Analizi

Bu calismada toplanan veriler igerik analizi kullanilarak ¢oziimlenmistir. Bu siirecte,
ogretmen adaylarinin dort soruya verdikleri yanitlar, her bir soru ve her bir katilime icin tekrar
tekrar incelenmigtir. Kodlar, oOgretmen adaylarimin yanitlarinin yinelemeli bicimde
incelenmesi sonucunda veriden tiiretilmistir. Onceden belirlenmis bir kod listesi
kullanilmamig; bunun yerine yamitlar, icerik bakimindan benzerlik ve farkhiliklarina gore
gruplandirilmig ve kodlar bu gruplamalar temel alinarak olusturulmustur. Kodlar, 6gretmen
adaylarinin ¢oziim ve agiklama siireclerini yansitan ifadelerle etiketlenmistir. Kodlar yeniden
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gozden gecirilmis ve arastirmacilarin ortak degerlendirmesi sonucunda nihai kod listesi
olusturulmustur. Veri analiz siirecinde, arastirmacilar her bir 6gretmen adaymin her bir
probleme verdigi yanitlar tek tek incelemis ve bu yanitlar1 en uygun kodlarla eglestirmistir.
Kodlayicilar arasi giivenirlik oraninin %92 olarak hesaplanmasi ve bu oranin Miles ve
Huberman’in (1994) 6nerdigi %70 sinirinin iizerinde olmasi, yapilan kodlamalarin giivenilir
oldugunu gostermektedir. Kodlama siirecinin ardindan yanitlar kodlara gore siniflandirilmis
ve elde edilen bulgular betimsel istatistikler (frekans ve yiizde) aracihigiyla tablo halinde
sunulmustur. Bulgularin yorumlanmasinda, gerektigi yerlerde 6gretmen adaylarinin
yanitlarindan dogrudan alintilara da yer verilmistir.

Simirhiliklar

Aragtirma, 2024—2025 akademik yilinin bahar doneminde bir devlet iiniversitesinde
ogrenim gormekte olan bes matematik 6gretmeni adayi ile simirlandirilmistir. Calisma kapsam
bakimindan logaritmik fonksiyon konusu ile sinirhdir. Ayrica arastirmanin verileri,
aragtirmacilar tarafindan gelistirilen goriisme formundan elde edilen verilerle sinirhdir.

Arastirmanin Etik izinleri:

Bu caligmada “Yiiksekogretim Kurumlar: Bilimsel Arastirma ve Yayin Etigi Yonergesi”
kapsaminda uyulmasi gerektigi belirtilen tiim kurallara uyulmustur. Yonergenin ikinci boliimii
olan “Bilimsel Arastirma ve Yayin Etigine Aykir1 Eylemler” bashgi altinda belirtilen eylemlerin
higbiri gerceklestirilmemistir.

Etik Kurul izin Bilgileri:

Etik degerlendirmeyi yapan kurulun adi = Hacettepe Universitesi Egitim Bilimleri
Enstitiisti Arastirma Etik Kurulu

Etik Kurul Etik inceleme karar tarihi = 5 Subat 2025
Etik degerlendirme belgesi konu numarasi = E-82474949-050-00004035972
Bulgular

Goriismelerden elde edilen veriler, aragstirma sorular1 dogrultusunda betimsel olarak
coziimlenmis ve bulgular dort baslik altinda sunulmustur.

Logaritmik Fonksiyonun Tanimhi Olmasi icin Gereken Kosullar
Nelerdir? Sorusuna Iliskin Bulgular

Ogretmen adaylarimin logaritmik fonksiyonun tanimi/temel kosullarina iligkin
aciklamalar bes alt kategoride toplanmistir: taban kosulu (a), bagimsiz degisken kosulu (x),
iistel fonksiyonla iligki kurma, fonksiyon 6zellikleri ve cevap yok/belirsizlik.

log, x = y olacak sekilde asagidaki tablo diizenlenmistir.
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Tablo 1.

Matematik Ogretmeni Adaylarimin Logaritmik Fonksiyonun Tamumna ve Ozelliklerine Yonelik
Ifadeleri

Alt kategori Kod Qgrq’gmep adaylar f %
Pozitif taban 02,04, 05 3
a>1 01,04 2

Taban kosulu(a) a1 02 ) L 38
Tam say1 01, O4 2

Logaritmik fonksiyonun x’in biiytikliik kosulu 01, 02,04, 05 4 28
bagimsiz degiskeni (x) X’in esit olmama kosulu 04, O5 2
.. . o e 1 Sembolik gosterim 01 1

Ustel fonksiyon ile iligki kurma Ters fonksiyon vurgusu Bo 1 10
. o rer Birebir ve ortenlik 02 1

Fonksiyon 6zellikleri Siireklilik vargusu O3 | 10

Cevap yok / Belirsizlik Bilgi ksikdigini farkhinda 5, 655 65 3 14

Tablo 1’de yer alan dagilim, ifadelerin en ¢ok taban kosulu (%38) ve bagimsiz degisken
kosulu (%28) tlizerinde yogunlastigini gostermektedir. Taban kosulu kapsaminda adaylarin bir
kismi “tabanin pozitif olmasi (a>0)” vurgusu yaparken (02, O4, O5), bazilar1 tabam “a>1” ile

13

sinirlamis (01, O4) ya da “a#1” kosulunu belirtmistir (02). Bazi adaylarmn tabam

&

“tamsay1/pozitif tam say1” olarak ele almasi, taban kosulunun genellenmesinde giicliik
yasandigina isaret etmistir. Bagimsiz degisken kosulunda ise x>0 ifadesi yaygin olmakla
birlikte, baz1 adaylarin bu kosulu “x#0/x#1” bigciminde daralttig1 ve a#1 ile x>0 kosullarini net
bir bicimde ayristiramadig gortilmiistiir.

Logaritmik Fonksiyonun Formal Tanim1 Diginda Nasil Aciklarsimiz?
Sorusuna Iliskin Bulgular

Formal tanim disindaki anlamlandirmalar ii¢ alt kategoride toplanmistir: iistel—
logaritmik iligki, logaritmik ol¢cekleme/temsil ve sembolik temsil.

Tablo 2.

Matematik Ogretmeni Adaylarimn Logaritmik Fonksiyonun Formal Olmayan Tamimlarina Yonelik
Ifadeleri

Alt kategori Kod Ogretmen adaylar f %
Ustel-logaritmik iligkisi Us olarak logaritma 01 1 17
Logaritmik ol¢ekleme ve Artis siddeti 02 1
temsil Biiyiik sayilan ifade etmek O5 33
. . Log sembolii imgesi 03 1
Sembolik temsil Ln sembolik imgesi 03, 04 o 99

Formal tanim disindaki anlayislarda {i¢ egilim 6ne ¢ikmistir: tistel-logaritmik iligki,
logaritmik 6lcekleme/temsil ve sembolik temsil. “Artis siddeti” ve “biiyiik sayilar1 ifade etmek”
kodlarinin birlikte %33 oraninda goriilmesi, bazi adaylarin logaritmik fonksiyonu biiytikliikleri
olceklendiren bir arag olarak anlamlandirabildigini gostermektedir. Ancak en yiiksek yogunluk
“sembolik temsil”dedir (%50): Adaylarin 6nemli bir kismi logaritmik fonksiyon denildiginde
oncelikle log ve 6zellikle In sembollerini cagristiran bir anlayis olusturmustur (03, 04).
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Logaritmik Fonksiyonlarin Grafiklerine Iliskin Neler
Soyleyebilirsiniz? Logaritmik Fonksiyonun Grafigini Cizerken Nelere
Dikkat Edersiniz? Sorusuna Iliskin Bulgular

Grafiklere iligskin aciklamalar; grafik olusturma stratejileri, artan/azalanlhk, asimptot
ve cevap yok kategorilerinde toplanmistir.

Tablo 3.
Matematik Ogretmeni Adaylarimin Logaritmik Fonksiyonun Grafiklerine Yonelik Ifadeleri
Alt kategori Kod Ogretmen adaylan f %
Séi?;;ﬁgfmrma Tamm/ deger kiimesine odaklanmak 03, O5 2 14
Genel artanlik algisi 01, 05 2
Artan /azalan Stirekli ama dogrusa} olmayan O2 ) 1
fonksiyon Tanim/deger kiimesine odakl 03,05 2 58
Tabana bagh 02, 04 2
Logaritmik fonksiyon igareti 05 1
Yaklagma-ulagamama 04 1
Asimptot Yatay asimptot 01 1 21
y=1 dogrusuna yaklasma 01 1
Cevap yok Bilgi eksikligini farklinda olma 03 1 7

Bu dagilima gore en yiiksek yogunluk artan/azalanhik kategorisindedir (%58). Bazi
adaylar artanlik/azalanhg tabanla iliskilendirmis (0<a<1 ise azalan; a>1 ise artan) (02, O4);
bazilar ise “genel artanhk” gibi genelleyici séylemler kullanmstir (01, O5). Grafiklere iliskin
bulgularda adaylar cogunlukla artanlik-azalanlik ve asimptotik davranis iizerinde durmus;
baz1 adaylarin artanlik-azalanhig: tabana bagl dogru olciitle gerekgelendirdigi, bazilarinin ise
isaret gibi ylizeysel ipuclarina dayali yorum yaptig1 goriilmiistiir.

Gercek Yasamda Karsimiza Cikan Bir Logaritmik Fonksiyon Ornegi
Verir Misiniz? Sorusuna Iliskin Bulgular

Gercek yasam ornekleri lic alt kategoride toplanmistir: 6lcek temelli ornekleme,
logaritmanin tabanina iligkin vurgu ve tistel fonksiyon baglami.

Tablo 4.

Matematik Ogretmeni Adaylarmin Logaritmik Fonksiyonun Gercek Yasamda Kullamm Alanlarina
Iliskin Ifadeleri

Alt kategori Kod Ogretmen adaylari f %
Olcek temeli 6rnekleme Deprem olcegi 02, 04, O5 3 50
Logaritma tabanina iligkin vurgu Logaritma on tabani O1 117
Ustel fonksiyon baglami Biyoloji/ bakteri cogalmas1 03, O4 2 33

Gercek yasamla iligkilendirmede en yaygin ornek deprem olgegi olmus; daha simirh
diizeyde pH/ses siddeti tiirii 6lcek mantigina atif ve biyoloji/bakteri cogalmasi gibi iistel
siireclere yonelen aciklamalar da gozlenmistir.

Tartisma ve Sonuc¢

Bu calismada matematik O6gretmeni adaylarimin logaritmik fonksiyon kavramina
yonelik anlayiglar1 {ic alt problem dogrultusunda incelenmistir. Birinci alt problem
kapsaminda adaylarin logaritmik fonksiyonun tanimina yonelik aciklamalari; taban kosulu,
bagimsiz degisken (x), listel fonksiyon ile iligki kurma, fonksiyon ozellikleri ve cevap
yok/belirsizlik olmak iizere bes alt kategoride toplanmistir. Taban kosuluna iligkin bulgular,
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adaylarin tabam belirleyen kosullar1 genel ve tam bicimiyle ifade etmekte zorlandiklarini
gostermektedir. Adaylarin bir boliimii tabanin pozitif olmasi gerektigini (a>0) vurgulams (O2,
04, O5); bazilar1 tabam a>1 ile siirlandirmis veya a#1 kosulunu belirtmistir (O1, O2, 04).
Bunun yam sira tabami “tamsayi/pozitif tam say1” olarak ifade eden agiklamalar da
goriilmiistiir (01, O4). Bagimsiz degisken kosulunda adaylarin 6nemli bir kismi x>0 kosuluna
atif yapmus (O1, O2, 04); baz1 adaylar ise “esit olmama” biciminde (x+0, x+1) ifade ederek x>0
kosulunu daraltmistir (O4, Os). Bu bulgular, adaylarin a#1 ve x>0 kosullarmi net olarak
ayristiramadiklarim gostermektedir. Elde edilen sonuclar, 6grencilerin logaritmik fonksiyonu
dogru ve tutarhh bicimde tamimlamakta zorlandiklarim1 raporlayan caligmalarla paralellik
gostermektedir (Akkus, 2004; Campo-Meneses vd., 2021).

Formal tanim disindaki anlayislar ii¢ alt kategoride toplanmistir: {istel-logaritmik
iligkisi, logaritmik oOlcekleme/temsil ve sembolik temsil. Logaritmik ol¢ekleme/temsil
kapsaminda “artis siddeti” (02) ve “biiyiik sayilar ifade etmek” (O5) kodlar birlikte %33
diizeyinde yer alirken, en yiiksek oran “sembolik temsil” alt kategorisinde goriilmiistiir (%50).
“Log sembolii imgesi” ve “In sembolik imgesi” ifadeleri, logaritmik fonksiyon denildiginde
adaylarin 6nemli bir kisminin 6ncelikle log ve In sembollerini ¢agristirdigini gostermektedir
(03, 04). Bu bulgu, 6grencilerin logaritmik fonksiyon kavramini cogunlukla sembolik bir
gosterim ya da yapilacak bir islem olarak gordiiklerini belirten sonuclarla ortiismektedir
(Kastberg, 2002).

Ikinci alt problemde logaritmik fonksiyonlarm grafiklerine iliskin anlayislar
incelenmigstir. Adaylarin acgiklamalari; grafik olusturma stratejileri, artan/azalan fonksiyon,
asimptot ve cevap yok alt kategorileri alinda kodlanmigtir. Genel olarak adaylar grafigi
yorumlarken artanlik (%58) ve asimptotik davranis (%21) iizerinde yogunlagsmistir; ancak bu
iki boyutta hem dogru oOlciitlerin (tabana bagl artis/azalis; yaklasma—ulasamama fikri) hem
de karismig/eksik temsillerin (isarete dayali artanhik) birlikte bulundugu goriilmiigtiir. Bu
sonug, 6grencilerin logaritmik fonksiyon grafigini anlamlandirmada ve dogru grafik temsili
olusturmada zorlandiklarim belirten ¢alismalarla benzerlik gostermektedir (Quinio & Cuarto,
2023).

Uciincii alt problem kapsaminda adaylarm logaritmik fonksiyonu gercek yasamla
iliskilendirme bicimleri incelenmistir. Bes katihmcidan iicii (02, O4, Os), logaritmik
fonksiyonlarla gercek yasam arasindaki iligkiyi deprem o6lcegi tizerinden aciklamis; bu durum,
katihmcilarin yarisindan fazlasinin logaritmik fonksiyonlari 6ncelikle Richter tiirii 6lceklerle
iligkilendirdigini gostermistir. Bu tercih, deprem olgeginin ortadgretim diizeyindeki logaritmik
fonksiyon uygulamalarinda siklikla kullanilan bir oérnek olmasiyla aciklanabilir. Bu bulgu,
deprem biiytikliigi (Richter olcegi), pH degeri ve ses siddeti (desibel) gibi baglamlar iistel ve
logaritmik fonksiyonlarla modellenen gercek yasam durumlarina 6rnek olarak sunan 2018
Ortadgretim Matematik Dersi Ogretim Programu ile de tutarhdir (Milli Egitim Bakanhg:
[MEB], 2018). Gol Tabaghi (2007) de Richter, pH ve desibel gibi logaritmik olcekleri,
logaritmik fonksiyonun farkh alanlardaki uygulamalarina 6rnek olarak gostermektedir. Ayrica
Budinski ve Takaci (2013), Richter olgegini logaritmalarin 6gretiminde kullanilan gercek
yasam baglamlarindan biri olarak ele almaktadir. Bunun yaninda iki katilimer (03, O4; %33),
logaritmik fonksiyona 6rnek verirken bakteri cogalmas gibi iistel 6rneklere de deginmistir. Bu
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bulgu, bazi 6gretmen adaylarinin logaritmik ve iistel fonksiyonlar arasindaki ayrimi net
bicimde kuramadiklarin1 gostermekte ve Ogrencilerin bu kavramlari ayirt etmekte
zorlanabildigini ortaya koyan calismalarla ortiismektedir (Borji vd., 2023; Engbersen, 2009).

Bu calisma, matematik 6gretmeni adaylarinin logaritmik fonksiyon kavramina iligkin
anlayislarim tanim, grafik ve gercek yasam ornekleri boyutlarinda incelemistir. Elde edilen
bulgular, 6gretmen adaylarinin logaritmik fonksiyonlara iliskin bazi1 temel unsurlar ifade
edebildiklerini; ancak tanimlayic1 kosullar eksik ya da yanhs ifade etme, grafik 6zelliklerine
iligkin belirsizlik yasama ve gercek yasam 6rneklerini sinirli baglamlar iizerinden aciklama gibi
giicliiklerle karsilagtiklarim gostermistir. Bu durum, logaritmik fonksiyon kavraminin
ogretiminde yalnizca islemsel bilgiye degil, kavramsal anlamaya da odaklanilmasi gerektigine
isaret etmektedir.

Oneriler

Bu calisma, siirhi sayida 6gretmen adayi ile yiiriitiilen derinlemesine goriismelere
dayanmaktadir. Gelecek arastirmalarda daha genis 6rneklemlerle ¢calisilmasi; farklh katiimer
gruplarinin (lise ogrencileri ve 6gretmenler) siirece dahil edilerek logaritmik fonksiyon
kavramina iligkin anlayislarin nicel verilerle desteklenmesi ve karsilastirmali bicimde
incelenmesi onerilmektedir.

Matematik 6gretmeni adaylarinin logaritmik fonksiyon kavramina iligkin anlayislarini
desteklemek amaciyla, kavramsal 6grenmeyi merkeze alan 6gretim siireclerine yer verilmesi
onerilmektedir. Bu dogrultuda, grafik temelli etkinliklerin artirilmasi, logaritmik
fonksiyonlarin farkh temsillerinin birlikte ele alinmasi ve teknoloji destekli uygulamalarin
Ogretim siirecine entegre edilmesi 6nemli goriilmektedir.
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