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ABSTRACT : In this study, the performances of engineering students according to their engineering
departments were examined in terms of remembering, understanding, applying, analyzing, evaluating, and
creating steps following the revised Bloom's taxonomy on integrals. In addition, their performance in solving
the problems within the scope of conceptual, applicational, conceptual-applicational, algebraic quality, visual
quality, and real-life problems was evaluated. An integral test consisting of eighteen questions was developed
based on the knowledge and cognitive process domain of Bloom's taxonomy to measure knowledge and skills
related to the topic of integrals. It was applied to 55 engineering students from different universities selected
according to the convenience sampling method from different engineering departments in the 2019-2020
academic year. The data were obtained in written form. The performance of the students was set forth
according to the steps of the revised Bloom’s taxonomy. The highest performance was at the application stage,
while the lowest performance was at the creation and evaluation stages. The findings showed that their
conceptual knowledge about integral is stronger. They make more mistakes in applicational knowledge
questions and perform poorly, and their conceptual-applicational knowledge is insufficient to solve non-
routine real-life problems.
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I. INTRODUCTION

“What is the use of mathematics for us?” This is a question frequently asked by students. First of all, it is a
branch of science that develops the analytical thinking ability of the individual, facilitates analysis, and is a
tool for solving the problems s/he encounters in daily life. Mathematics, which is a part of life, forms the basis
for constructing and studying many materials that make life easier. One of the application areas of
mathematics is engineering. Engineering can be defined as the application process to create new products for
the use of the individual by using the knowledge of mathematics and natural, technical, and social sciences. In
other words, it is a profession based on technology, science, and mathematics that combines all these fields to
solve real-life problems and make life easier [1]. Engineering can also be defined as the combination of
mathematics, science, and technology to create new products and solve real-life problems [2]. Engineers can be
defined as people who know mathematics, technology, and science and use this knowledge to produce solutions
to real-life problems [3]. Mathematics, which is defined as the language of engineering, is encountered in
courses such as calculus, differential equations, linear algebra, and discrete mathematics in the first years of
engineering degrees at universities. While accepting the importance of mathematics in engineering education,
discussions continue about how and how much it should be taught. Some state that students’ mathematics
knowledge in the engineering faculty is insufficient [3]. Mathematics provides key foundations for many of the
technological innovations that support engineering applications. Excellence in many of these technological
innovations relies on good mathematical knowledge and skill in many aspects of engineering. The link
between mathematics and engineering is so well established that any new development in engineering means
that new mathematical theories must be explored [4].

It is necessary to determine the objectives of teaching the students' mathematics knowledge and to measure the
achievement of the objectives with appropriate measurement and evaluation tools. The goals of teaching
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behaviors are classified in three domains: cognitive, affective, and psychomotor [5]. This classification is
referred to as Bloom's taxonomy. The cognitive domain consists of six steps. These steps from bottom to top
are knowledge, comprehension, application, analysis, synthesis, and evaluation. The first three steps are
considered the lower cognitive level and the last three are considered the upper cognitive level. These
categories are ordered from simple to complex and from concrete to abstract, and mastering each simple
category is a prerequisite for mastering the next more complex category [5]. The knowledge domain of this
taxonomy consists of four steps by adding a new step with the developing cognitive psychology. These are
factual knowledge, conceptual knowledge, applicational knowledge, and metacognitive knowledge. The
cognitive process domain steps were rearranged, and the steps of knowledge, comprehension, analysis, and
synthesis were transformed from noun form to action form as recall, comprehension, analyzing, and creating.
In addition, the creation and evaluation steps were replaced. The cognitive domain steps were reordered as
knowledge, comprehension, application, analysis, evaluation, and creation, and the sub-dimensions of these
steps increased. This generated taxonomy is referred to as the revised Bloom’s taxonomy (REBT) [6]. This
taxonomy, which is used to develop problems that will benefit teachers in measuring students' thinking skills,
also contributes to the development of cognitive and procedural skills [7]. Students build their level of thinking
based on the types of questions from teachers. Therefore, the more cognitive level questions students encounter
during the assessment and evaluation phase, the more they will display mental activity and tend to be more
inquisitive and creative [8]. It shows that the mathematics curriculum of engineering faculties is insufficient in
terms of content, and they generally do not know where and how the skills they need are taught. Moreover, it
indicates that mathematics instructors have a limited understanding of how mathematical concepts are applied
in engineering courses [9]. It was determined that engineering students learned problem-solving strategies and
developed positive feelings and beliefs about mathematics and engineering. Further, it was recommended to
consult engineers to make engineering students' mathematics education suitable for engineering [10].

It was reported that a collaborative learning environment in the mathematics course in the engineering faculty
encourages students to communicate with each other [4]. Other authors stated that they positively evaluated the
role of mathematics in the development of students' cognitive skills and they willingly used the presented
interactive study materials, but not everyone was ready to make serious efforts to develop this ability [11]. The
conclusion was that in mathematics and science education the concepts of the area under a curve and anti-
derivative are insufficient in applications to which a certain integral depends. In contrast, the concept of 'sum
of parts' of definite integrals based on a Riemann sum is more useful and helpful [12]. It is reported that the
conceptual mathematical approach is more important than the operational approach regarding the engineering
subjects and engineering designs of second- and fourth-year engineering students [13]. It is stated that an
engineer needs to have conceptual knowledge and it should be taught more than applicational knowledge [14].
Expressing everything in life using a function is complex but possible. To understand these functions better
and make them useful, their properties should be determined. We can determine the properties of these
functions by plotting their graphs. If there is a need for an instantaneous change or slope, it will be sufficient to
simply derive at that point instead of solving the problem at length. In the case of finding the numerical value
of an area that cannot be calculated with geometric formulas, the integral of the function that creates the area
in a certain range gives the result. Although limit, derivative, and integral, which are the basic concepts of
analysis, are regarded as concepts consisting of formulas and rules, they are among the indispensable elements
of mathematical thought development and daily life applications due to their conceptual structures [15, 16, 17].
The subject of integrals has an important place in solving problems related to both real life and engineering.
Both conceptual and applicational knowledge must be well organized together to be understood [18]. It was
aimed to determine how the integral, one of the subjects of the mathematics course, which has an important
place in the engineering departments, is perceived by the engineering students, what this subject means to
them, what kind of knowledge they have in terms of applicational and conceptual knowledge, and what their
level of knowledge is. In line with this, answers to the following questions were sought:

1) What is the performance of engineering students in solving integral problems?
a) What is the integral problem performance of engineering students according to Bloom's taxonomy?

b) What is the performance of engineering students in solving integral problems according to conceptual and
applicational knowledge?
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c) What is the performance of the engineering students in solving integral problems according to the problem
type?
d) What is the integral problem performance of engineering students according to engineering branches?
2) Examining the characteristics of solution processes used by engineering students for integral problems

a) What is the relationship between the integral problem-solving processes of engineering students and the
problem types classified according to Bloom's taxonomy?

b) How should the integral problem-solving process of engineering students be evaluated in the context of
conceptual and procedural knowledge?

1. METHOD

Considering the aims and research questions of the present study, it was a case study. The study sample was
created using the convenience sampling model, which is a non-probabilistic sampling method. Fifty-five
students from different engineering departments of universities (industry, computer, machinery, electrical and
electronic, shipbuilding, and ship machinery, aerospace engineering, and other engineering departments) in
the spring semester of the 2019-2020 academic year participated in the research. The data were collected using
a test on integrals. This test was prepared based on the knowledge acquired on the subject of integrals in the
curriculum of the mathematics courses in the 1st year curriculum of the engineering faculties of the
universities. While preparing the test, first of all, basic concepts related to integrability conditions, basic
theorem of analysis, Riemann sums, calculation of the area under a curve, integration methods, and volume
calculation basic skills were focused on. In addition, some questions measured high-level thinking skills such
as the concept of function, the relationship between derivative and integral, estimation of Riemann sums and
areas, using Riemann sums in real-life problems, and using equal areas by combining parts. The questions
prepared were classified according to the revised Bloom’s taxonomy. In this test, there are a total of eighteen
questions: one in recall, two in comprehension, eight in application, five in analyzing, one in evaluating, and
one in creating steps. The answers given by the students to this test were examined in three categories: Bloom's
taxonomy, conceptual-procedural information types, and problem nature. The evaluation criteria for the
answers given to the integral test according to the students' ability to arrive at the result are given in Table 1.
The engineering students were analyzed in the context of performance according to Bloom's taxonomy,
conceptual and applicational knowledge, and their engineering departments.

Table 1 Evaluation Criteria for Integral Test Questions

Categories Description
Correct The way of solution and solution result are correct
Incorrect The result and the solution way are incorrect

Partial Answer | Although the solution is correct, the result is incorrect

No Answer Typing the same question, leaving it blank, or typing answers like 'l don't
remember’

I11. RESULTS
The percentages of the answers given by the 55 engineering students to the questions in the integral test
according to engineering departments are shown in Table 2.

Table 2 Distribution of Answers to the Questions Based on Departments

Department Correct Incorrect Partial No Answer
P (%) (%) Answer (%) (%)
Industrial Engineering 30 25 18.9 26.7
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Computer Engineering 28.3 15.6 27.2 28.9
Mechanical Engineering 31.1 15.6 25 28.3
Electrical and Electronic Engineering 40 19.4 23.3 17.2
Elz;/?r:é:;::étecture and Marine 35 15 23.9 6.1
Aerospace Engineering 46.1 25 22.2 7.2

Other Engineering 18 26.3 26.3 29

General 30.0 22.2 24.4 23.9

The percentage of computer engineering students and other engineering groups who answered the questions
correctly is below the general percentage. It is noteworthy that the students in the aerospace engineering group
answered the questions correctly at a rate of 46.1%, and the percentage of wrong answers was above the
average. Students in the aerospace engineering group did not answer 7.2% of the questions. While 40% of the
questions were answered correctly, the electrical and electronic engineering students did not answer 17.2% of
the questions. Engineering student groups outside these two fields are above average in terms of unanswered
questions. It was determined that there were no students who answered the algebraic knowledge type of
questions correctly, which measures the conceptual—operational knowledge of the real-life problems, and the
creation step, which measures conceptual knowledge, and in the evaluation step of the cognitive process
domain of the revised Bloom’s taxonomy (Figure 1).
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Figure 1. Percentage of correct answers of engineering students to the integral test

The revised Bloom’s taxonomy refers to the comprehension step of the cognitive process domain and measures
conceptual knowledge and algebraic knowledge; it belongs to the applicational step and is the least incorrectly
answered questions in the conceptual—applicational information type (Figure 2).
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Figure 2. Percentage of incorrect answers of engineering students to the integral test

The questions with the highest number of partial answers are in the recall and comprehension step of the
revised Bloom’s taxonomy's cognitive process domain. Both are types of algebraic questions that measure
conceptual knowledge and the nature of the problem (Figure 3).

Figure 3. Percentage of partially correct answers of engineering students to the integral test
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The questions most left unanswered by the students are in the analysis and evaluation stages of the cognitive
process domain of the revised Bloom’s taxonomy. These questions measure procedural knowledge and
conceptual knowledge, respectively. The nature of the problem is again in the category of algebraic and real -
life problems, respectively. The questions that the students did not leave unanswered were those of the recall
and application step of the cognitive process domain of the revised Bloom’s taxonomy. These questions appear
to be algebraic questions measuring conceptual knowledge and visual questions measuring conceptual—
applicational knowledge (Figure 4).
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Figure 4. The percentage of blank answers in the integral test of engineering students

The results of the integral test according to the revised Bloom’s taxonomy and the performance percentages of
engineering students according to the recall, comprehension, application, and analyzing steps and their
engineering departments are given in Table 3.

Table 3. Percentage table of answers according to Bloom's taxonomy
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S
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8 NA |12 10 0 0 15 0 12
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g NA |32 34 42 28 34 15 45
c. |o 0 0 0 0 0 0
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g PA_ |10 0 30 13 30 25 25
g NA | 50 90 70 50 40 50 50
c. |o 0 0 0 0 0 0
Ic |46 40 10 34 30 75 0
% PA | 24 20 40 46 40 25 25
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C: Corretct, IC: Incorrect, PA: Partial Answer, NA: No Answer

There are no students that did not respond to the recall step of the revised Bloom’s taxonomy. It is notable that
the questions related to the creation and evaluation step could not be answered correctly by all engineering
group students. It is observed that the students that gave the most incorrect answers to the questions in the
recall step were those in the aerospace engineering group, with 50%. It is noteworthy that the students of
industrial, naval architecture and marine engineering, and other engineering departments did not give an
incorrect answer to this question. The highest correct answer average was 75%, by aerospace engineering
students, and the highest average of partial answers was 55%, by computer engineering students, in the
comprehension level questions of the revised Bloom’s taxonomy. It is observed that the students of mechanical

| Volume 3| Issue 6 | WWW.ijmcer.com |
19 |



Examining the Integral Problem Solving Processes...

engineering, electrical and electronic engineering, and aerospace engineering answered all of the questions in
this step.

The highest correct answer rate in the application step of the revised Bloom’s taxonomy was by the aerospace
engineering students group, with 60%. The highest average of those who did not answer the questions was of
the students in the industrial engineering group, with 26%, followed by the naval architecture and marine
engineering and computer engineering student groups, with 25%. Aerospace engineering students stood out by
answering all the questions related to the application step. The highest correct answer rate in the analyzing
step of the revised Bloom’s taxonomy was by the aerospace engineering students, with 35%. This is followed
by the electrical and electronic engineering and naval architecture and marine engineering students, with 34%.
The highest number of incorrect answers was given by the industrial engineering students, with 38%. There
are no student groups who answered the question correctly in the evaluation step of the revised Bloom’s
taxonomy. The student group that gave the highest number of incorrect answers to the question at this step was
the industrial engineering students, with 40%. On the other hand, the computer engineering student group
draws attention by 90% not answering the question. The question in the creation step of the revised Bloom’s
taxonomy was not answered correctly by any student group. While the partial answer rate for this question was
higher than the incorrect answer rate, it was determined as 33%. In addition, this question was left unanswered
by 41% of the engineering students. It is notable that 75% of the students in the aviation and aerospace
engineering group gave the highest number of incorrect answers to the question. The student group that left
this question unanswered, with 75%, was the other engineering department students. On the other hand, this
question was answered by every student in the aerospace engineering group, and it was not left blank. The
highest number of partial answers was given by the electrical and electronic engineering students, with 46%.

The performance percentages of the engineering students for the conceptual, application, conceptual—
application, algebraic quality, visual quality, and evaluation steps of a real-life problem in line with the
information required for the solution of the problem or to be used in solving the integral test questions are
provided in Table 4.

Table 4. Percentages of answers according to Bloom's taxonomy
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NA | 20 30 36 17 19 7 32
£ c. |29 26 30 41 34 49 16
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g
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- c. |40 37 37 49 39 48 20
E Ic |32 18 17 20 18 34 27
% PA |10 19 18 19 18 18 21
S NA |18 26 28 12 25 0 32

c. |o 0 0 0 0 0 0
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g2 |na |50 90 70 50 40 50 50

In order to measure the relationship between the conceptual knowledge of engineering students and their
performance, 5 questions were asked to the students in the integral test. The highest number of correct answers
was from the aerospace engineering students, with 50%, and by the electrical and electronic engineering
students, with 43%, to the questions aimed at measuring conceptual knowledge. The highest number of wrong
answers was obtained from the students in the aerospace engineering group, with 35%. It is also significant
that all students in the aerospace engineering student group answered all of the questions measuring
conceptual knowledge.

In order to measure the relationship between the application knowledge of engineering students and their
performance, 4 questions were asked to the students in the integral test. While 17% of the students answered
the questions about measuring application knowledge correctly, 27% answered partially correctly, 13%
answered incorrectly, and 43% did not answer at all. It is noteworthy that none of the students in the industrial
engineering group answered the questions correctly. In addition, 66% of the students in this group did not
answer the question. The students in the aerospace engineering group gave the most correct answers, with
42%. The naval architecture and marine engineering and aerospace engineering students gave correct answers
or partial answers or did not answer these questions, but they did not give any incorrect answers, which is
significant. In order to measure the relationship between the conceptual-application knowledge of the
engineering students and their performance, 9 questions were asked to the students in the integral test. The
highest correct answer average of 43% was given by the students in the aerospace engineering and electrical
and electronic engineering groups to the questions aimed at measuring conceptual-application knowledge. The
student group that left these questions unanswered the most was mechanical engineering, with 36%. The
students of the aerospace engineering department gave the highest number of correct answers and it is notable
that this group was among the student groups that gave the most wrong answers to the questions about this
type of information. In order to measure the performance related to algebraic problems, 9 questions were
directed to students in the integral test. The most correct answers to algebraic problems were given by students
in the aerospace engineering group, with 49%, followed by electrical and electronic engineering students, with
41%. In order to measure the performance related to visual problems, 8 questions were directed to students in
the integral test. While the students in the electrical and electronic engineering group gave the highest number
of correct answers to the visual problems, with 49%, they were followed by the students in the aerospace
engineering group, with 48%. This draws attention to the fact that all students in the aerospace engineering
student group answered all of the visual questions and this was the group that gave the most wrong answers,
with 34%.
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In order to measure the performance related to a real-life problem, a question was directed to students in the
integral test. Looking at the answers given to the real-life problem question, it is observed that none of the
students answered the question correctly. While 50% of the engineering students did not answer the question,
only 24% partially answered it. In addition, none of the students in the mechanical engineering student group
gave wrong answers to such questions. It is significant that the students of the computer engineering
department did not give correct answers, only partial answers to this question. Again, students in the computer
engineering group left the most questions unanswered, with an average of 90%.

Below are the findings of the student groups regarding the revised Bloom’s taxonomy, conceptual—application
information types and the nature of the problem according to engineering departments. While examining the
answers as conceptual knowledge, not only knowing the definition of the concept but also the situations of
establishing relations between the concepts were considered. Mathematical literacy and knowledge of symbols,
formulas and visual representations were taken into consideration in the evaluation as procedural knowledge.
While examining questions and problems in terms of conceptual-application knowledge, students' behaviors
such as knowing the meaning of a concept, establishing a logical relationship between the required and the
given, drawing auxiliary figures, matching the problem with the given auxiliary figure, using the offered
definition and propositional knowledge, etc. were deemed as proof of conceptual information and for the
existence of conceptual information. In addition, it was evaluated that the students were able to master
mathematical symbols and mathematical language in the problem-solving process, to use the necessary
relations or formulas for the solution of the problem, and to arrive at the result by performing the necessary
operations in a logical order.

It was observed that engineering students are successful in terms of implementing and using different methods
when faced with a situation, event, or any problem, but have difficulty in producing correct result-oriented
answers because they do not show the same success in arithmetic operations. Since the questions of the recall
step in the integral test were close-ended, there were differences in the correct answer rates among the
students. The only question with no blank answer and the one with the lowest rate of incorrect answers among
the engineering groups belonged to this step. While these results show that students have some information
about the recall step, they also support the idea that incomplete and incorrect information should be completed
and corrected. The comprehension level performances of engineering students are higher than their recall level
performances. In this step, while the students in the aerospace engineering group showed the best performance,
the lowest performance was demonstrated by the students of the computer engineering department.

The performance levels of engineering students at the application level were determined to be higher than at
the recalling and understanding steps. In fact, the highest performance in general was exhibited at this step.
Therefore, it can be asserted that students are successful in using their existing knowledge. The lowest
performance among the engineering groups was demonstrated by the other engineering student group. The
performances of other groups were similar, especially students of aerospace engineering and electrical and
electronic engineering. When the answers provided by the engineering students to the questions in the analysis
step in the integral test were examined in general, it was determined that they could use the variable
substitution method to solve the definite integral, could master the relationship between the derivative and the
tangent line, and express the area of a given region in a different way. This shows that students have skills
such as revealing the relationships between the parts, making associations, and organizing. However, at the
same time, it is observed that students have problems in using a given rule, find it difficult to find the desired
value in the function by using the graph of a function whose derivative is provided, and they are not very
competent in analyzing the areas of different regions divided into parts under and above the curve. This shows
that the students are not sufficient in skills such as analyzing, analyzing by distinguishing the parts from each
other, and separating them into their own parts. When the answers provided by the engineering students to the
question in the evaluation step in the integral test are examined in general, it is observed that the students gave
inaccurate but partially correct answers, and they tried to make decisions based on the data they obtained with
these methods they developed. Here, it was determined that the students could not adapt the Riemann sum to
the real-life problem. They were requested to evaluate the answer to the problem by using the areas of similar
shapes. However, due to their inability to choose the right method or strategy while approaching the solution,
they stated that they could not adequately demonstrate skills such as valuation, assessment, and decision-
making.
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In the question at the creation step in the integral test, the students were asked to measure the idea that for the
region between a line and the axes with the help of the Riemann sum of the whole area to be formed by the
combination of the infinite number of rectangles under the curve. It was determined that the majority of the
students did not know the Riemann sum. However, it is significant that the students who knew the rule of
Riemann sum were unable to use this knowledge. This reveals that the formula required for the area
calculation with the Riemann sum was memorized by the engineering students but could not be
conceptualized. Therefore, it is observed that they are not sufficient in skills such as forming a whole by using
parts, creating models, and formulating. The performance rate for the questions measuring the conceptual and
application knowledge simultaneously was determined to be very close to that for the questions measuring the
conceptual knowledge. While it is observed that the questions left unanswered the most are those that examine
application knowledge, it is worth emphasizing that the most incorrect answers were given to questions
measuring conceptual knowledge. Partially, the questions that received the most answers were those that
required application knowledge. It can be asserted that students generally know which formula to use for what
in questions that require application knowledge. It is noteworthy that the partial answers to the questions in the
application knowledge type are more and the correct answers are less. This can be explained by the fact that
students make calculation errors or logical errors or are extremely distracted.
IV. CONCLUSION

This study determined that the engineering students showed the lowest performance in the creation and
evaluation steps. No student could answer the questions in this step correctly. This revealed the need to
determine whether the students have encountered the question of an adequate level of evaluation and creation
of integrals in their undergraduate mathematics education. It was observed that while the levels of the mental
process increased from the recalling level to the application level in the lower-level cognitive stages, their
performance also increased. It was observed that the performance of the students decreased as the higher level
cognitive steps increased. The fact that they also expressed that their performance decreases as the cognitive
process steps increase supports this finding [19,20]. In the analysis step, the first level of the high-level
cognitive learning group of Bloom's taxonomy, it was determined that the engineering students performed
lower than in the previous steps. The students did not provide any correct answers and showed the lowest
performance in the evaluation and creation step. This supports the conclusion that mathematics education
programs in previous learning processes concentrate on lower cognitive steps and are insufficient in higher
cognitive steps [21].

It was determined that the engineering students showed the highest performance in questions about conceptual
knowledge and the lowest performance in questions about application knowledge. The fact that the students of
the mathematics department stated that their performance was the highest in questions regarding conceptual
knowledge and the lowest in questions regarding application knowledge supports these findings [22]. While
this contradicts the finding that middle school students' performance of application knowledge of rational
numbers outweighs their performance of conceptual knowledge, it is consistent with the result that they do not
have sufficient levels of either type of knowledge [23]. The performance in answering the questions in which
conceptual and application knowledge was tested at the same time was determined to be very close to that in
the questions measuring the conceptual knowledge. In addition, it was determined that engineering students
prefer not to answer questions that require application knowledge. This seems to support the conclusion that
the conceptual mathematical approach is more important than the application approach in the context of
engineering issues and engineering designs [13]. When the solution processes of engineering students in
answering questions that require conceptual-application knowledge were examined, the highest performance
was observed in answering questions measuring conceptual knowledge, while the lowest performance was
observed in answering questions measuring application knowledge. This [24] indicates that teachers mostly
ask questions at the application stage. It was determined that the correct answers given by the engineering
students to the questions measuring application knowledge were lower than the correct answers given to the
questions asked to measure both conceptual and application knowledge simultaneously. This finding seems to
support the view that the acquisition of conceptual knowledge affects application knowledge and the
acquisition of application knowledge has no effect on conceptual knowledge [25]. It is assessed that students
leave questions that require application knowledge unanswered, that they do not have the skills to learn
formulas and rules and apply them when and if necessary, and that they abstain when numerical expressions
are involved. In the integral test, it was observed that the engineering students showed the best performance in
answering the questions measuring conceptual knowledge according to their conceptual-application
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knowledge. The students could not create algebraically correct equations with the information provided in the
problems and they could not arrive at the correct result by applying appropriate algebraic operations to the
equations that formed it.
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