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The Erroneous Derivative Examples
of Eleventh Grade Students

Hulya GUR*, Basak BARAK**

Abstract
The derivative is not only an important subject for mathematics but also is an impor-
tant subject for engineering, physics, economy, chemistry, and statistics. Especially,
mathematics depends on strongly preceding learning and the subject of derivative
will be used in university education by all students. Therefore, it is one of the most
important subjects. This study’s purpose is to explore student mistakes and errors in
derivative and determine the areas in which students have probable misconceptions.
For this purpose, 7 questions were chosen from “the Student Placement Test”
(OSS). These questions were transferred into open-ended questions. The results of
the study took place at sixth form college are described and discussed. The test ad-
ministered to 53 students from Balikesir Fatma Emin Kutvar Anatolian High Scho-
ol in the fall-term of 2005-2006. Determining the possible misconceptions should
help teachers when they teach this subject. The study findings showed that students
could not understand derivative definition that depends on limit, make mistakes in
composite functions and trigonometric functions, and establish wrong relations bet-
ween tangent’s slope, and normal’s slope. T'eachers need to be able to find errors
and misconceptions in students’ solutions. T'eachers also need to be applying mea-
ningful learning strategies such as concept maps, worksheets about derivative (e.g.
Appendix B, Appendix C).
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The derivative of a function represents an infinitesimal change in
the function with respect to whatever parameters it may have. The
“simple” derivative of a function f with respect to x is denoted eit-
her f(x). Students have some misconceptions or errors in derivative.
Misconception is defined as erroneous conception, false opinion, or
wrong understanding (Big Larousse, 1986). Studies about derivati-
ve and ideas related to it (such as tangent lines) have emphasized
students’ misconceptions and common errors (e.g., Amit & Vinner,
1990; Artique, 1991; Orton, 1983; Ubuz, 1996, 2001; Maurer (1987;
Norman & Pritchard, 1994; Krutetski, 1980; Orton, 1983; Donald-
son, 1963; Cipra, 1989; Keith et al., 1990). Ubuz (2001, p. 129) sho-
wed that students’ common misconceptions on derivative were as
follows: “ (a) derivative at a point gives the function of a derivative,
(b) tangent equation is the derivative function, (c) derivative at a
point is the tangent equation, and (d) derivative at a point is the va-
lue of the tangent equation at that point.” Ubuz also found that stu-
dents seem to think different concepts as the same. He reported
that “(a) the lack of discrimination of concepts which occur in the sa-
me context or the confusion of a concept with another concept descri-
bing a diffevent feature of the same situation, (b) the inappropriate
extension of a specific case to o general case, and (c) the lack of un-
derstanding of graphical vepresentation”(p.133). Some studies have
mainly focused on the constructions of mathematical knowledge in
a theoretical perspective rather than students’ misconceptions and
common errors (Dubinsky & Schwingendorf, 1991) On the other
hand, few empirical research were conducted such as Tall (1986a).
He revealed that 67% of the experimental students who used Grap-
hic Calculus (Tall, 1986b) chose the right answer with a correct
explanation, while only 8% of the control students did. Thus, it is
likely that visualization in the graphical context can help students
understand the relations between differentiation and integration.
Mathematics teaching is directly linked to learning and students’
understanding of the concept of derivative is related to their prior
knowledge (Kendal, 2001). Kendal (2001) stated that using multip-
le presentations was important in developing the understanding of
the concept of derivative. In the present study the following ques-
tions are addressed. What are the errors and misconceptions beyond
the difficulties? Is it possible to diminish or eliminate these diffi-
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culties with the use of technology or meaningful learning tools? If
so, How?

Method
Subject

The sample consists of 53 eleventh grade students in Fatma Emin
Kutvar Anatolian High School. Science (Fen) class had 40 students
and Turkish and Mathematics (I'M) class had 13 students. Both
classes are taught by the same mathematics teacher during the
2005-2006 term. 53 students took the test on derivative. The stu-
dents who took both the test was taken as the sample of the study.

Instruments

The test used for assessing students’ learning of derivative consis-
ted of 7 questions some of which had different tasks (altogether 15
tasks), on which students were to work individually to provide writ-
ten responses. The test was administered after derivative subject
had taught at the end of the semester. Each task in the questions
was graded by one of the four categories (Abraham ez al., 1994): cor-
rect (5), partially correct (4), misconception or error (3), incorrect (2)
and missing (1). Factor analysis was carried out for the questions in
the test. The questions were related to curriculum of derivative.

Treatment

The study was conducted in a mathematics course designed to te-
ach derivative and the basic theorems of differential calculus. After
each course, students completed homework exercises about deriva-
tive. Teacher of the course was available to answer their questions.
At the end of the term, the derivative test was given.

Results and Discussion

The study described eleventh grade students’ errors and miscon-
ceptions in derivative. The primary goal of the first and fourth qu-
estions was to analyze the definition of derivative in the question.
These questions were mostly answered correctly. %8 of 'TM stu-
dents have errors (table 1a, 1b, 2a, 2b, 3a, 3b, 4a, 4b, 5a, 5b, 6a, 6b,
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7a, 7b). These errors were two types: Not knowing the definition of
derivative or the type of function. Students memorized the rules
not the definition. The second and third questions focused on tan-
gent line and normal line. Students have misconceptions related to
square root; the derivative of close function; tangent line, normal li-
ne; the derivation of composite functions, and application of rules.
Fifth questions focused on the computation of two functions: f(1)+f
(1). Students have misconceptions related to the derivation of com=
posite functions. Sixth questions focused on the computation of de-
rivative. Students have misconceptions related to the derivation of
composite function; not knowing derivative rules. Similar errors
were observed in the last question. T'o sum, the study found seve-
ral types of errors and misconceptions in derivative.

The frequent errors in derivative include: not knowing definition of
derivative, missing or erroneous square root, not knowing the type
of function, the error of formulation, erroneous variable handling,
the derivation of composite functions, not knowing tangent line,
normal line, the erroneous of the interpretation of the notion ‘deri-
vative’, composite functions, the mal rule of formulation, erroneo-
us about composite functions, application of wrong derivation rules
or wrong application of such rules, misconception about variables,
missing domain conditions, slips in computations, and arithmetic or
algebraic errors.

Conclusion

Teaching is directly linked to learning and each class developed
understanding of the concept of derivative that related to the com-
bined effect of their teacher’s privileging characteristics: Calculus
content, teaching approach.

The general analysis of students’ performance pointed to a miscon-
ception or errors in derivative topic. T'eachers need to be able to
find errors and misconceptions in students’ solutions in mathema-
tics topics. Teachers need to be applying meaningful learning stra-
tegies such as concept maps or worksheets about derivative (e.g.
Appendix B, Appendix C).
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EK-A
1.f:R—>R,y=f(x)=4x 2 fonksiyonu veriliyor. f, fonksiyonunun x =1 noktasindaki
tiirevini, tiirev tanimindan yararlanarak bulunuz.

2.y <0 olmak iizere x 2y y Z=9 ¢emberinin x = \/§ noktasindaki
tegetinin egimi kagtir?”

T
3. Denklemi f(x)=sin(cos5x) olan egrinin x = E noktasindaki normalinin egimi kagtir?”

4. f (x)=2x” + 3 olduguna gére }1in(} degeri kagtir?”
—

SA+m -1
h

5.f(3x-5)=2x -1 olduguna gore f (1)+f(1) kagtir?”

1 1 .
6.y = f (x) fonksiyonu —+ — = 1 olarak tanimli olduguna gore f (2) degeri kagtir?”
Xy

2

7. (sin ? 3x) degeri kagtir?”

2

EK-B
BiR ARABA KADAR HIZLI KOSABILIR MiSiN?
Bil bakalim!

Seoul’de diizenlenen 1998 Olimpiyat Oyunlari’nda 100 metre ko=
susunda, Florence Griffith Joyner, 10 metreyi 0.91 saniyede kog-
mustu. Acaba bu hizla saatte 15 mil hizla okuluna giden bir arabay1
gecebilir misin?

Laboratuarlardan ingaat alanlarina, mutfaklara, her yerde yapilan 61-
¢iimlerin birimleri ara-
sinda cevirme yapmak
gerekir. Ascilar, maran-
gozlar, bilim adamlari ve
mithendislerin hepsi is-
lerinde kullandiklart 6l-
¢iimlerin birimlerini bir=
birine ¢evirmelilerdir.
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