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Abstract: Students do not necessarily use the definitions presented to them when determining examples or non-examples of given
mathematical ideas. Instead, they utilize the concept image they carry with them as a result of experiences with such examples and non-
examples. Hence, teachers should try exploring students’ images of various mathematical concepts in order to improve communication
between students and teachers. This suggestion can be addressed through error analysis. This study therefore is a descriptive-qualitative type
that looked into the errors committed by senior high school students in dealing with mathematical functions, explored the underlying
reasons for such errors, and provided recommendations on how students could learn to manage their errors and how teachers could realize
how to manage students’ errors. Initial findings showed that the students generally demonstrated mathematical, logical and strategic errors.
Mathematical error was generally exhibited in their inability to use properties and operations properly. Logical error was exhibited in their
false arguments, rearranging concepts, improper classifications, arguing cyclically, and using equivalent transforms. Strategic error was
manifested in their not being able to distinguish patterns, lack of integral concept, and not being able to transform a word problem into
symbols. Errors prevailed despite the students’ positive view and confidence in mathematics not only because of poor image concepts but
because of lack of exposure to certain important mathematical tasks. Further investigation on the other sources of these errors is therefore

necessary.

Keywords: error management, error pattern, logical error, thinking skills

1. Introduction

The emerging international trends and the presence of many
forms of modern technology have posed complex challenges
to the educational system. The Partnership for 21% Century
(2007) has crafted the Framework for 21% Century Learning
which maps out the skills, knowledge and expertise students
should master to succeed in work and life in the 21st century.
The skills include various thinking, problem solving and
decision making skills, among others, that have to be
imbibed by an individual to prepare him or her for
increasingly complex life and work environments. Along the
prevailing international educational reforms and initiatives,
the Philippine government has also embarked into the full
implementation of the K to 12 Program for basic education
to set reforms that shall address the challenges through
Republic Act 10533 also known as Enhanced Basic
Education Act of 2013. Section 10 of the Implementing
Rules and Regulations (IRR) of the Republic Act provides
that the basic education curriculum should be contextualized
and global. Contextualized teaching and learning is a
process in which students are assumed to learn more
effectively when they are taught using real-world context and
are engaged in hands-on activities rather than in an abstract
manner (Kalchik & Oertle, 2010). This is in consonance with
the Framework for Philippine Mathematics Teacher
Education which provides that mathematics must be real to
students and therefore, mathematics teachers should be
mindful of students’ contexts when teaching mathematics
(SEI-DOST & MATHTED, 2011). The same Framework
had also echoed the longtime ideas of educational experts
that assessment must be an integral part of mathematics
instruction. The infusion of the senior high school in the
Philippines is now on its second year. Curricular reforms are
already in place for basic education. The problem now is

how to direct the students to what the reforms desire to
achieve. According to Devlin (2012) in his book
Mathematical Thinking, the students will need to have,
above all else, a good conceptual understanding of
mathematics, its power, its scope, when and how it can be
applied, and its limitations. They also need to have a solid
mastery of some basic mathematical skills. Also a very
important requirement is that they can work well in teams,
often cross-disciplinary teams, they can see things in new
perspectives, they can quickly learn a required new
technique, and they have to be very good at adapting old
methods to new situations. To be able to do this, we
concentrate on the conceptual thinking that lies behind all the
specific techniques of mathematics. With the so many
different mathematical techniques, and with new ones being
developed, it is impossible to cover them all in K-16
education. By the time a college fresh graduate enters the
workforce, many of the specific techniques learned in
college-years may not be as important anymore, while new
ones are already gaining grounds. The educational focus
therefore has to be on learning how to learn. To address all
these issues on contextualization, assessment, and learning
how to learn, error analysis may be considered. Daymude
(2010) pointed out that test error analysis could help a
teacher better understand students’ assessment results, not
only by improving the individual student test scores, but also
by analyzing cumulative data from the students involved in
the process. Error analysis could also enhance student
metacognition in doing mathematics and could promote
learning from testing. Error analysis is usually used as an
assessment tool to enable teachers to adjust their
instructional strategies so as to help students construct a clear
concept image (Wah, Teng, Suan, Yong, Hoon, Xuan, & Ng,
2014). According to Vinner (1983), image concepts consist
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of all the cognitive structure in the individual’s mind
associated with a given concept. Vinner noted that students
do not necessarily use the definitions presented to them when
determining examples or nonexamples of given
mathematical ideas. Instead, they utilize the concept image
they carry with them as a result of experiences with such
examples and nonexamples. Vinner further indicated that the
concept a student carries with him and the mathematical
ideas or objects derived by definitions may lead to
unexpected results for teachers. Thus, Vinner and Dreyfus
(1989) propose that before even entering the classroom,
teachers should try exploring students’ images of various
mathematical concepts in order to improve communication
between students and teachers. This suggestion therefore can
be carried out through error analysis. Cohen and Spenciner
(2010) in Pearse and Dunwoody (2013) pointed out that the
purposes of error analysis are to 1) identify the patterns of
errors or mistakes that students make in their work, 2)
determine the reasons why students make the errors, and 3)
provide interventions to correct the errors. The teacher
therefore in the process has to check the students’ problems
and categorize the errors. One interesting topic in
mathematics to reckon in the senior high school is the study
of mathematical functions. Mathematical functions deal with
relations between and among variables that may represent
real-life situations. Doing problems with mathematical
functions entails algebraic image concepts. Understanding
functions can help students, particularly the senior high
school students pursuing the strand Science, Technology,
Engineering and Mathematics (STEM) succeed in dealing
with more complex studies in calculus and other fields of
mathematics and related disciplines. Knowing the sources
and patterns of errors of students in these contexts can help
mathematics teachers refocus their activities and strategies
for better learning and better preparation for college
mathematics work, and later on to graduate coursework in
mathematics. This study aimed at using error analysis as an
assessment tool to enable teachers to better adjust their
instructional strategies so as to help students construct clear
concept image about mathematical functions. This study
operated on the following objectives:

1) Describe the Grade 11 students’ image concepts
manifested in their level of mastery of mathematical
functions.

2) ldentify and describe the mathematical errors committed
by the students in dealing with mathematical functions.

3) Derive qualitatively a pattern of mathematical errors.

4) Provide recommendations on how students could learn
to manage their errors and how teachers could manage
the students’ errors.

2. Conceptual Framework

This study is anchored on Principle 6 of the Framework for
Philippine Mathematics Teacher Education formulated by
the Science Education Institute, Department of Science and
Technology (SEI-DOST) and the Philippine Council of
Mathematics Teacher Education (MATHTED), Inc. in 2011
which states that assessment must be an integral part of
mathematics instruction. This implies that a teacher has to be
a reflective teacher so that he or she can always determine
whether or not a student has learned something from a
lesson. Consequently, instruction may be diagnostic in nature
so that the teacher can identify at once the students’
misconceptions and errors committed in the process, and
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error analysis can address this concern. Pen and Lou (2009)
also proposed a framework derived from various researches
in which four keys for the nature of mathematical errors for
teachers were identified: mathematical, logical, strategic and
psychological. According to Pen and Lou, mathematical
error is manifested by confusion of concepts and
characteristics, negligence of the conditions of formulas and
theorems. Logical error is shown in false arguments,
rearranging concepts, improper classifications, arguing
cyclically, and using equivalent transforms. Strategic error is
described as not being able to distinguish patterns, lack of
integral concept, not good at reverse thinking, and could not
transform the problem. Finally, psychological error is
demonstrated by improper mental state. Although Pen and
Lou’s framework are intended for teachers, it is assumed in
this study that the students are likely to commit the same
errors. Figure 1 shows the specific concepts of this study.

Concept Image Students Recommendations
Manifested in their Level of
Masters of Mathematical 1. How students
stery o ematica could manage their
Functions’ Errors and Error
errors
Patterns
L. Polynomial Functions 2. How teachers could
2. Exponential Functions
manage students’
3. Logarithmic Functions
errors

Figure 1: Research Paradigm

3. Research Methodology

3.1 Research Design

A mixed method type of research was used in the study. Both
quantitative and qualitative techniques were utilized. The
quantitative technique was used to generate students’ data on
interest in mathematics, exposure to varied types of
mathematical tasks, and level of mastery of mathematical
functions. On the other hand, the qualitative techniques
specifically content analysis and interviews were to identify
and describe the mathematical errors and error patterns of the
students.

3.2 Respondents and Sampling Technique

The respondents of the study were the Grade 11 mathematics
students enrolled at SMU Science High School during the
school year 2017-2018. Two sections shall be randomly
chosen from the 13 sections belonging to the STEM strand.
To avoid biases, the teachers randomly chose the sections.
The three classes under the same teacher that served as the
respondents in the study, comprising of 53 (39.8%) male
students and 80(60.2%) female students. Table 1 shows the
characteristics of the respondents.

Table 1: Profile of the Students

Profile Variables Categories Frequency Percent
very negative view on
1 .8
math
negative view on
View on math 16 12.0
mathematics positive view on math 81 60.9
very positive view on
math 35 26.3
Total 133 100.0
Confidence in not at all confident 2 1.5
Math not very confident 31 23.3
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Confident 88 66.2
very confident 11 8.3
Total 132 99.2
No data 1 .8
slightly likely to
blame others/self 1 8.3
. likely to blame
Thoughts in hers/self 107 80.5
Math Lesson ot ersise
very likely to blame 15 113
others/self )
Total 133 100.0
Never 1 .8
Encounter on Rarely_ 35 26.3
Math Tasks Sometimes 89 66.9
Frequently 8 6.0
Total 133 100.0
Never 2 15
Encounter of Rarely 18 135
Math Problems Sometimes 70 52.6
on Math Frequently 42 31.6
Lesson Total 132 99.2
No data 1 .8
Never 3 2.3
Rarely 13 9.8
Encounter of Sometimes 73 54.9
Math Problems
in the Test Frequently 38 28.6
Total 127 95.5
Missing 6 4.5
do not do well in
math 14 10.5
How well they do well in math 93 69.9
do in Math do very well in math 25 18.8
Total 132 99.2
No data 1 .8
plan/intend to pursue
math in the future 68 511
Plan for the plan/ intend to pursue
future English/science in the 65 489
future
Total 133 100.0

Majority of the students have positive view on mathematics
and confidence in doing mathematical tasks. However,
majority tend to blame others or their own selves regarding
their performance in mathematics class. Majority also
claimed that they only sometimes encounter math tasks and
math problems in both lessons and in the test. Majority also
perceived that they do well in mathematics and slightly
beyond half of the class even plan/ intend to pursue
mathematics in the future. Furthermore, Table 2 shows the
mean, standard deviations and qualitative descriptions of the
students’ characteristics.

Table 2: Means, standard deviations and qualitative
descriptions of students’ characteristics

Std. - -
Mean Deviation Qualitative Description
View on math 3.05 0.55 Positive view on math
Confidence in math 2.73 0.49 Confident
Thought on math lesson 2.93 0.40 Likely to blame
others/self
How well they do in math 3.00 0.46 Do well in math
. Plan /intend to pursue
Future Plan or Intention 0.52 0.40 math in the future
How often they encounter .
math tasks 2.78 0.52 Sometimes
How often they_encounter 3.06 0.60 Sometimes
math problems in the lesson
How often they encounter .
math problems in the test 3.06 0.60 Sometimes

3.3 Research Instruments

Two questionnaires were used in the study: First, the
Questionnaire that calls for a) some personal information
about the student, and b) some insights about the students’
attitude towards dealing with mathematics. Second, the
questionnaire on Exposure to Mathematical Tasks. The items
in these questionnaires were adopted from Programme
International for  Student Assessments (PISA) in
Mathematics. The data from this became part of the
description of Grade 11 respondents in Chapter I1l. Another
source of data was a researcher-made test on mathematical
functions. The test was tried out to pre-service mathematics
teachers and selected Grade 11 students who do not belong
to the study’s actual respondents. The reliability coefficient
obtained was 0.799, which indicates an acceptable internal
consistency of items in the test. The data from the actual test
was used to determine the students’ level of performance,
image concepts and types of mathematical errors.

3.4 Data Gathering Procedure and Data Analysis

The questionnaires on exposure to mathematical tasks,
attitude towards mathematics and personal data were first
administered to the students to establish their profile. The
researchers requested the mathematics teachers of the
students to administer the test on polynomial, exponential
and logarithmic functions. The answer sheets/worksheets
were collected from the teacher thereafter. Each score was
converted into percent value, after which the average of the
scores was computed for each type of functions. The scores
were interpreted using the following scale provided in
DepEd Order No. 8 s. 2015 also known as Policy Guidelines
on Classroom Assessment for the K to 12 Basic Education
Program:

Mean Percent Description

96 — 100 Mastered

86 — 95 Closely approaching to
mastery

66 -85 Moving towards
mastery

35-65 Average mastery

15-34 Low mastery

5-14 Very low mastery

0-4 No mastery

The students’ written responses were analyzed. The

responses were reviewed and the errors committed were
identified. Then patterns of errors among common problem
types were determined. The patterns discovered were listed,
and the possible reason why it is causing the student
problems was noted (e.g. if a student fails to affix the correct
sign, it may indicate that he is careless in doing things). The
reasons were classified as mathematical, logical, strategic or
psychological. An interview was conducted with a class
randomly chosen from the three classes. The students were
asked to explain their difficulties in solving problems about
functions and about some common errors committed. Some
possible reasons for their performance and difficulties were
drawn from the interview.
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4. Results and Di ion
esults and Discussio Mathematical Tasks f |% Mastery
Level
- . .
4.1 The Grade 11 students’ image concepts manifested in Give the degree of the function 66 |50| average
their level of mastery of mathematical functions mastery
Table 3 shows the frequency distribution of the level of _ _ closely
q y . . . What is the value of f(x) if x=1 118 | 89 |approaching to
mastery of the grade 11 students in mathematical functions. mastery
Determine algebraically whether the function
Table 3: Frequency counts and percents of Grade 11 f(x) = —x®—6x* — 13x — 6isodd, evenor | 24 | 18| low mastery
students’ image concepts manifested in their level of mastery ____ neither. i
of mathematical functions Use the finite dlffer'ences mgthod to determlng
the type of polynomial function modeled by this
data (Linear, quadratic, cubic, quartic, pentic,
Polvnomial Exponential and Mathematical etc.)
Level of mastery Fu%ctions Logarithmic Functions x T3 T2 7 [0 1 5 3 4 | 3 | nomastery
of "f‘:thf_mat'ca' Functions (TOTAL) 1
nctions f % £ % f % y - - - |- 11|15 |53
no mastery 5 3.8 15 11.3 3 2.3 5 |17 |3 |1
very low 33. Sketch the possible graph for very low
mastery 4 8 13 98 16 12.0 f)=(x+2)(x—1D(—x+3) 615 mastery
low mastery 49 3;3. 78 58.6 94 70.7 Determine an equatfllcjjg C|tri10frz:1ctored form for this 0 | 0] nomastery
average 20. Determine an equation of cubic function that
mastery 27 3 26 19.5 19 14.3 has zeros at -2,5 and 1 23 | 17| low mastery
moving Without dividing, find the remainder when
towards 5 3.8 1 .8 1 8 2x* —10x3 — 11x2 — 5x — 27 | 20| low mastery
mastery 6 is divided by x + 1
closely Find two polynomials of different degrees that 5 | 4| nomaster
approaching to 2 15 0 0 0 0 have -1, 2, and 3 as zeros. Y
mastery Solve for x: x(x? + 4x — 5) 23 | 17| low mastery
Mastered 0 0 0 0 0 0 Solve for x: 9 |7 very low
3 _ 2 _ — 3 _ 2 _
Total 13 100 133 100.0 133 100.0 4x° —2x* —2x+2 =3x° — 2(x 1)3 mastery
3 .0 A rectangular box has a volume of V(x) = x3 +
26.17 24.09 10x% + 31x + 30 cubic inches. The height of
Mean. . low mastery low mastery/ 24.88 the box is x+2 inches. The width of the boxis | 14 |11 very low
(Qualitative - low mastery/ - - - mastery
P~ / poor image . x+3 inches. Find the length of the box in terms
Description) . poor image
poor image concept of x.
concept
sD concept 13.35 1256
17.98 )

As gleaned in Table 3, many of the students obtained low
mastery (36.8%) in the polynomial function with slight
difference with those students who belong to very low
mastery (33.8%). More than half (58.6%) of the students
have low mastery in exponential and logarithmic functions.
In general, majority of the students have low mastery in
mathematical functions (70.7%). On the average, the results
also show that students have low mastery in polynomial
functions (26.17%), exponential and logarithmic functions
(24.09%). The low mastery of the students along the
competencies indicates that the Grade 11 students have
generally poor image concepts of polynomial, exponential
and logarithmic functions. Moreover, Table 4 and Table 5
display the frequency, percent and mastery level of the
students in each of the competencies in the test given to the
students.

Table 4: Frequency, Percent and Mastery Level in each
Competencies on Polynomial Functions in the Test (N =133)

The results shown in Table 4 indicate that the mastery level
of the students along the competencies needed in polynomial
functions ranges from no mastery to closely approaching to
mastery. Yet, the students have obtained closely approaching
to mastery level in determining the value of the function
given the value of x and average mastery in determining the
degree of the given functions. Moreover, the students have
no mastery in determining the type of polynomial function
and sketching the graph given the values of x and y. Also, in
determining the equation in factored form, and finding two
polynomials of different degrees given the zeroes of the
function. The results further indicate that the Grade 11
students have generally poor to very poor image concepts of
polynomial functions. The interview conducted with the
students surfaced the fact that the topics related to the items
where they obtained no mastery were not discussed in their
Grade 11 Mathematics classes, neither were they given
similar assignments.

Table 5: Frequency, Percent and Mastery Level in each
Competency on Exponential and Logarithmic Functions in

the Test
Mathematical Tasks f |% MLa:\Szlry
Mathematical tasks f % Mastery Level
Given: f(x) = x(x + 2)(x — 3) Given:y =21 +2
Determine the x intercepts of the function 28 [ 21| low mastery Asymptote 19 14 low mastery
. . average Sample points 18 14 very low mastery
Give the degree of the function 66 | 50 mastery Domain 53 20 average mastery
closely Range 24 18 low mastery
What is the value of f(x) if x=1 119 | 89 |approaching to Graph 3 2 no mastery
mastery Given: y = log,(x —2) + 1
Given: f(x) = (x? — 4x + 3)(x% — 4) Asymptote 4 3 no mastery
Determine the x intercepts of the function 25 [ 19| low mastery Sample points 8 6 very low mastery
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Mathematical tasks f % Mastery Level
Domain 33 25 low mastery
Range 62 47 average mastery
Graph 3 2 no mastery
Find algebraically the inverse of
the function y = 2*"1 + 2 2 2 no mastery
Write in exponential form .
3 108 81 moving towards
l0og,9343 = 5 mastery
Write in logarithmic form: 97 73 moving towards
6* = 1296 mastery
Evaluate: logs - = 100 | 82 moving towards
27 mastery
Expand and simplify:
logs(125)(V625) 34 26 low mastery
2
10gq @ 14 11 very low mastery
Simplify each into single
logarithm
logy4a + 5(logyx — log,y) 5 4 no mastery
3loga(x +1) — 2log,(x — 1) 11 8 very low mastery
Solve each of the following
equations. Round your answers to
two decimal places if necessary.
logyo(x*+36) =2 46 35 average mastery
Inx + 5In2 = 4In2 — 3In4 34 26 low mastery
49%+2 = 34312 43 32 low mastery
Sodium-24 is a radioactive
isotope of sodium that is used to
study circulatory dysfunction.
Assuming that 4 micrograms of
sodium-24 are injected into a
person, the amount A in
micrograms remaining in that
person after t hours is given by
the equation A4 = 40046t
What amount of sodium-24
remains after 5 hours? 38 29 low mastery
What is the hazlz-’:lfe of sodium- 1 1 no mastery
In how many hours will the
amount of sodium-24 be equal to | 14 11 very low mastery
1 microgram?
According to a software company,
the users of its typical tutorial can
expect to type N(t) words per
minute after t hours of practice
with the product, according to the
function
N(t) = 100(1.04 — 0.99*
How many words per minute can
a student expect to type after two | 29 22 low mastery
hours of practice?
According to the function N, how
many hours, to the nearest hour of
practice will be required beforea | 21 16 low mastery
student can expect to type 60
words per minute?

As shown in Table 5, students’ mastery level ranges from no
mastery to moving towards mastery. However, students have
moving towards mastery only in rewriting logarithmic form
to exponential form and vice versa. This is because the
teachers just finished discussing the topics when they had the
test, as revealed by the students during the interview. The
students have average mastery in some competencies such as
finding the domain and range and solving for x for simple
logarithmic equation. But they have low mastery or very low
mastery in finding asymptote, range and domain or in finding
the value x for more complex equations. They also have very
low mastery in providing sample points and solving word
problems on mathematical functions. It can be said therefore
that the students have relatively poor to very poor concept
image of exponential and logarithmic functions. This result
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was supported by studies on low performance of the students
in mathematics in general. Mundia (2012) and Abdurrahman
(2010) revealed that mathematics is considered the most
difficult subject for students and this led to poor
performance. Usually, previous studies aimed to explore the
possible intervening variables that might affect the
performance of students in mathematics such as teacher,
student, infrastructure, tools, media and environmental
factors (Sanjaya, 2010), dominance of conventional learning
(Trianto, 2010) or attitudes towards mathematics
((Nicolaidou and Philippou, 2003). In this study, the
characteristics of the students were also considered.
However, explorations on intervening variables were not
done since the selected students were from Science,
Technology, Engineering and Mathematics (STEM) strand.
Students were expected to like mathematics subject. This
assumption was supported by the characteristics of the
students revealed in Chapter 3. The results of the study are
quite alarming because despite the students® positive view on
math, confidence in math, perception that they do well in
mathematics and plan to pursue mathematics in the future,
the students did not get a favorable level of mastery.
Nonetheless, their characteristics also reveal that they are
likely to blame others or their own selves on their
performance in mathematics. Their profile also speaks of
their exposure in solving mathematics problems and tasks,
and the result was unexpected that they only “sometimes”
encountered math problems or tasks when in fact they should
be always engaged in problem solving tasks as one of the
skills needed for 21% century learners. Moreover, based on
the K to 12 Curriculum Guide (2013), problem solving and
critical thinking skills are the twin goals of mathematics as
shown in the conceptual framework of Mathematics
Education in the basic education levels. The students’
profile that shows students’ limited exposure to certain
mathematical tasks might be a possible factor why they have
low mastery. This limited exposure may be traced to teacher-
factor. Teachers are the ones responsible to engage the
students in the problem solving tasks be it in the form of
lesson, activities, homework and tests. The teacher as the
facilitator of class discussions was supported by Abante
(2014) that teaching styles must match with learning styles
and that according to Pasion (2010), a teacher is obliged to
seek the most suitable learning strategy according to the
situation of the class. The attitude of the students was also
one of major concerns that can boost the students’ interest to
learn mathematics and that different strategies were explored
to change the attitudes of students but it can be either from
negative to positive or vice versa (Nicolaidou and Philippou,
2003; Haladyna, Shaughnessy & Shaugnessy , 1983;
Olatunde, 2009. However, the result of this study is contrary
to the study of Moenikia & Zahed-Babelen (2010) that
attitude is one of the predictors of mathematics achievement.
Also, the study of Esteves (2013), Mata (2012) and
Nicolaidou and Philippou (2003) revealed that in general
students with more desirable attitude towards mathematics
performed better than those with negative attitude.

4.2 The mathematical errors committed by the students
in dealing with mathematical functions

This section exhibits some common errors demonstrated by
the Grade 11 students.
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4.2.1Polynomial Functions
Figure 2 shows the solution of a student to a problem on
determining the x-intercepts.

Il.Demminethex-intcrcepts ) - (x%42x) (2-3) |£
\ ’
f60 = (x +2) e (x=9) [
YA = > x;—] X=3 y
FO/“ ).1, ‘

Figure 2

The student made a mistake in factoring x* + 2x. It was
factored as (x+2) (x+1) instead of factoring out x only to get
X(x+2). This indicates error in factoring and lack of concept
on factoring. Similar problems are shown in Figure 3.

Given: f(x) = (x®> —4x +
3)(x* —4)
Determine the x intercepts
of the function
Give the degree of the
function
What is the value of f(x) if
x=1?

Do what 1s required for cach function. S

LAy x T ey -12

Figure 3

The student did not equate each factor to 0 in number (1);
instead the student multiplied the factors. The same error was
committed in number (2). Instead of factoring the
polynomials to derive the x-intercepts, the factors were
multiplied. The two solutions indicate that the student does
not have a grasp of x-intercept. The student had committed
mathematical error because of confusion, and strategic error
because of lack of integral concepts on x-intercepts.
Interview with the students revealed that their immediate
reaction when shown such case is to multiply without further
analyzing the directions. This result was supported by
Kotsopoulos (2007) that found that secondary students
experience many difficulties when factoring. According to
him, the difficulties arise due to students being challenged to
recall basic multiplication facts. The writing of polynomials
as a product of polynomials is the process of factoring in
which students need to have both procedural knowledge and
a strong conceptual understanding of multiplication of
polynomials in order to recall basic multiplication facts
effectively. Figure 4 shows a student’s answer about the
degree of the function:

Figure 4

The student looks familiar with what to consider in getting
the degree of the function. But the student included the
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variable x and failed to report the degree. The degree is
supposed to be represented by the highest exponent that
appears when the function is not in factored form. The
answers should have been 3 and 4, respectively. This is a
case of mathematical error; the student appears to have an
idea of what a degree is but might have been confused
whether or not to include the base. Figure 5 shows that a
student had exhibited error in operation. Instead of
multiplying 3 and -2, the student added 3 and -2.
Consistently, another student also committed the same error
in the next item on finding the value of f(x) if x=1 as shown
in Figure 6.

__/+———~—f_
is the value of fix) if x =17 | ¢/, . IU?"'\(I‘?\
= 1 2) v~
~ \9-?
il
' Kl “
‘ -4
\
3
§ 3 | -9 )

Figure 5

After doing the operations inside the parentheses, the student
disregarded the open and close parentheses signs that
indicate multiplication operation. Meanwhile in Figure 6,
another student did not substitute 1 to all x’s, ending up
computing the value instead.

Figure 6

All three cases involve mathematical error in the sense that
the students neglected the rules in performing operations.
The errors are strategic because the students lack integral
concepts on doing several operations at a time. Meanwhile,
Figure 7 shows that a student used 1 to check f(1). He
performed correct operations for f (1), but the value of f(-1)
was not taken, giving an erroeneous answer. Had the student
proceeded to find f(-1), he would have found that f(1) is not
equal to f(-1), Hence, the function is odd. This is a case of a
strategic error because the student was not able to use all the
necessary steps in arriving at the desired result. Similar
solutions were demonstrated by the other students who did
not get the correct answer.
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=3 algebraically whether the function fix) = _x' —6x* - 13x — 6 is odd, even

£y

Figure 7

It appears in Figure 8 that the student had an initial idea of
plotting the x-intercepts. The student was successful in
finding and plotting the x-intercepts, but other important
properties were not considered. This is therefore a case of
both mathematical and strategic errors.

D. Sketch a possible Eraph for fix) = ‘.

Figure 8

In Figure 9, a student had identified correctly two factors but
the three others were not identified. It appears that the
student does not have a full grasp of the fact that equations
may be derived from the values of x-intercepts. This is a case
of mathematical and strategic errors.

= h--m In factored form for this function. (Each grid line represents one unit )
T !
t ' (*+2) (x-2)
- -
ZEd
} /
: X
Figure 9

Figure 10 is a case of mathematical, logical and strategic
errors. The student who answered this does not have a good
understanding about curve sketching. Instead of following
the factored form to take the intercepts, the student
multiplied the factors, making the procedure more
complicated. There seems to be a confusion on how to use
the intercepts, and lack of knowledge on how to proceed.

Figure 10
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erroneous. The student did not know anymore how to
proceed. This is a clear case of mathematical and strategic
errors.

Figure 11

In Figure 12, instead of factoring the other part of the
equation, a student multiplied the two factors x and x? + 4x -
5, resulting to a failure to find the correct solution. The
student tends to do the operations instead of finding the
factors that comprise the equation. This is again a clear case
of mathematical and strategic errors.

forx: 1) x(x +4x-5)=
A ~N .

[

Figure 12

4.2.2Exponential and Logarithmic Functions

Figure 13 reveals that a student tends to copy the constant
number if the asymptote of a function is being sought. This is
a very clear case of mathematical error.

axis, and identify for cach 1) the asymptotes, 2) two points,

+2 Given: y = log, (x —2) +
1 =

Asymptote:
r |
- ‘/

n S

Figure 13

Figure 14 demonstrates negligence in the process of
multiplication. The procedure could have been correct
already but carelessness prevailed in multiplying 32 by 4.
The product is supposed to be 128, not 136; a case of a
mathematical error.

7 2) Inx+5In2=4In2-3In4
x(?) = 5% ; !
’ ':;.-’Wﬂ/”” : LM
el
"’UY:':K; l;z
Figure 14

In Figure 11, a student appears to have some ideas on
synthetic division as shown in the arrangement of the
coefficients in one line. The second step was already

In Figure 15 (1), a student had erroneous application of the
properties. The symbol log was not included in the simplified
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form. The same error was committed by the student in
number 2. It seems consistent that mathematical and strategic
errors prevailed.

(" 2) 3log,(x+1)-2log,(x-1)
‘VC)(n{H)‘ = 109‘/ . -l]l
__(ua)i v I0 2 sy bz

(Y»l)z o - s

Figure 15

In Figure 16, a student had a correct answer; however, the
solution does not clearly show how it was derived. This is a
case of mathematical, logical and strategic errors. It is a case
of logical error because the student obtained one correct
answer with wrong solution.

Figure 16

Figure 17 shows a student’s answer that seems not to have
understood the instruction. Instead of finding the inverse, the
student assigned some values to x and solved for y. Obvious
computational mistakes are noted in the values. Moreover,
no further answer was given. Meanwhile, Figure 18 and
Figure 19 were representations of graphs of the function. The
sketches were marked wrong because the students did not
place any labels aside from having wrong ordered pairs.

of the function y = 2*7* +2. Desulbehowmk"
age, and graphs found in #K.

Figure 17

Figure 18: Graph of K drawn by a student

Figure 19: Graph of K drawn by another student

Figure 20 reveals that a student does not have any idea about
asymptote, how to identify points on the curve, and
consequently how to find the domain and the range. These
are cases of mathematical error.
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Given: y = log;
1

Asymptote

»

Sample ponts:
(2,4):;(2.9

Figure 20

Figure 21 shows that the transformation could have been
correct; however, the student was careless to write 343 as
344. This is a case of a mathematical error. The same error
was demonstrated in Figure 22 wherein the student seems
not to know how to use a fraction as an exponent.

Figure 21

| M. Write in exponential ;
logy343=7
\ -

Figure 22

Meanwhile, Figure 23 shows that at a glance, the
transformation is correct; however, a closer look of the
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answer would tell one that the number 1296 was used as an
exponent which is not correct. This is a case of a strategic
error.

Figure 23

Figure 24 reveals a mathematical error in that the student did
not know the rules to transform the equation into logarithmic
form.

Figure 24

All the errors presented in this section are similar to the ones
committed by the other students who did not get the correct
answers. Interviews with teachers and students were
conducted to explore further the reasons behind the
prevailing errors.

4.3 Deriving qualitatively a pattern of mathematical
errors

Based on the analysis in Section 2, Table 6 shows the
summary of the errors committed by the students in solving
polynomial functions, exponential and logarithmic functions.

Table 6: Summary of mathematical or strategic errors in
polynomial, exponential and logarithmic functions

Topic Mathematical Errors or Strategic Errors
e  Errorin factoring
e lack of integral concepts on x-intercepts
e lack of concept on factoring
lack integral concepts on doing several
operations at a time.
Polynomial . Lack of knowledge how to proceed
Functions e No full grasp that equations may be derived
from the values of x-intercepts.
. Confusion on how to use confusion on how
to use the intercepts
e Doing the operations instead of finding the
values of x by factoring
. negligence in the process of multiplication or
careless in computing
e erroneous application of the properties
e Misunderstood the instructions
Exponential and . Incomplete answer by not placing proper
Logarithmic labels
Functions . No idea of any idea about asymptote, how to
identify points on the curve, and
consequently how to find the domain and the
range
e Wrong transformation
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The errors committed by students reveal that something went
wrong in the teaching-learning process. Vital to
understanding better concepts in mathematics is the
framework used by the teacher to teach the subject. As
mentioned by Posamentier (2006), teaching mathematics is
not about providing rules and formulas, definitions and
procedures for students to remember, but it is more of
involving students as functional participants through active
interaction like discussion and cooperation among students.
Results of the interview with students further revealed the
teacher usually starts the class with a review of the past
lesson. Lessons and unfamiliar concepts are generally
presented using multimedia, specifically PowerPoint.
Solutions to problems are provided with not many details.
The students also claimed that they find it hard to
comprehend the presentation because of the fast transition.
They sometimes are not able to cope because of difficulty in
analyzing problems and because of the time pressure given
during problem solving tasks. Moreover, when asked if they
refer to several sources when working with mathematical
tasks, the students said that they simply rely on the
prescribed textbook which the teacher usually use in
teaching.

4.4 Recommendations on how students could learn to
manage their errors and how teachers could manage the
students’ errors

1. In addressing errors in exponential and logarithmic
functions, a student must review the fundamentals of
laws and properties of exponents and logarithms to
avoid confusions. This is supported by Marcus (2001)
when said that students may fail to understand the
meaning of the properties and laws of logarithms
without seeing the connections with the law of
exponents. He also explained that students only
memorize the rules but do not fully understand them.

2. Results of the interview showed that teachers generally
teach the subject and explain examples using
Powerpoint. Kenney (2005) suggested that teachers need
to find different approaches of doing more than just
teach process and properties involved in logarithms and
instead make logarithmic expressions objects to which
students can relate. Further, Bientenbeck (2011)
emphasized that traditional teaching which includes rote
memorization of rules, formulas and procedure, and
teaching by telling, has a substantial positive effect on
student achievement, while the estimated impact of the
modern teaching in mathematics is much smaller and
statistically insignificant. Thus a balance between
traditional and modern strategies of teaching
mathematics must be observed. At the students’ end,
they must also be required to memorize rules, formulas
and procedure so that they will always have something
to retrieve when an occasion requires because
technology cannot do it for them.

3. Berezovsky (2004) also suggested that teachers should
implement proper techniques in teaching exponential
and logarithms so that students can acquire deep
understanding of the topic. He also added that teachers
need to state clearly terms like exponential expressions,
logarithmic expressions and term, exponential function
and equations and logarithmic function and equations.
Moreover, De Gracia (2014) recommended that teachers
have to self-construct problems/items on exponents and
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logarithms to help students improve their problem
solving skills not only when dealing with exponents and
logarithms but with mathematics in general.

4. Teachers need to clearly explain the mathematical tasks
such as to convert, find the value of, evaluate, expand,
show and the like. This explains the mistakes done by
the students of misunderstanding the given tasks and
thus leads to error (Berezovsky, 2004).

5. Conclusion

Based on the findings of this study,

conclusions are drawn:

1. The Grade 11 students have poor to very poor concept
image of polynomial, exponential and logarithmic
functions, which are topics necessary to understand
advanced topics in mathematics.

2. The Grade 11 students exhibited mathematical, strategic
and logical errors in solving problems involving
polynomial, exponential and logarithmic functions.

3. The Grade 11 students encountered many errors that
stem from inadequate grasp of operations, rules,
formulas and procedures, and limited exposure to
significant mathematical tasks.

4. The teachers’ strategies appeared not be adequate
enough to engage STEM students to utilize their
maximum potentials in doing mathematical tasks.

the following

6. Recommendations

Because of the poor to very poor concept image of functions
among Grade 11 students, a thorough review of the resource
materials being used by the teachers and how they use the
materials effectively, have to be looked into. Moreover, the
teachers have to find ways on how to manage the students’
errors in mathematics. For instance, similar problems may be
administered to see better the recurrence of the errors.
Requiring students to memorize rules, formulas and
procedures might help the students cope better in doing more
complex tasks in mathematics. The students have to be given
more inputs on how to improve their study skills to help
them manage their errors, which include reading additional
reference materials apart from what the required textbooks.
Furthermore, the students who exhibit more types of errors
have to be given closer attention by the teachers. Because
only qualitative analysis was used in the study, future
researchers may consider statistical analysis of the
relationship between the students’ concept image and the
profile variables used to describe the students.
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