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1. INTRODUCTION

Calculus is among the most important branches of mathematics that is
widely used in various fields of science and engineering. It explores
changes using basic ideas, including integration, differentiation, and
limitation. The goal of advanced calculus is to take the basic ideas of
calculus to a deeper and more complex level. Basic and advanced
calculus have a supportive relationship where learning increasingly
difficult problems in advanced calculus requires a solid understanding
of basic calculus concepts. Therefore, this study attempts to determine
whether the assessment results of Engineering students for the Calculus
I (basic) and Calculus II (advanced) have a significant relationship with
each other. In addition, student performance in these two subjects was
descriptively evaluated. The research sample used was a total of 67
Engineering students who took Calculus I (Semester March - August
2023) and Calculus II (Semester October 2023 - February 2024).
Students' final assessment scores were taken and analysed using
Statistical Package for Social Sciences (SPSS) version 20.0 software
through descriptive statistics and Pearson correlation analysis. Results
showed that the performance of students who obtained an A grade in
Calculus II had increased by 10% from Calculus I. Based on the Pearson
correlation analysis, there was a strong positive linear relationship
between Calculus I and II with a value of r = 0.561 (p-value < 0.05).
Although this relationship was significant, only 32.6% of the variation
in Calculus II can be explained in this model. It suggests that a wide
range of other factors, including learning and teaching strategies used by
lecturers or by students themselves, can have an impact on students'
performance. Since understanding engineering mathematics necessitates
a solid calculus foundation, it is hoped that this study will encourage
students to work hard at improving their grasp of the fundamentals of
the subject.

Calculus is a fundamental branch of mathematics that provides essential tools for understanding change
and motion. It forms the foundation for advanced studies in various scientific and engineering disciplines,
making a solid grasp of its concepts crucial for students pursuing these fields. A good understanding of the
importance of calculus in a wide range of careers and engineering education is important for students as
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they make decisions about how much mathematics to take at university (Huang, 2011). Many students
perceive calculus as a challenging subject to master. A strong foundation in algebra, geometry and
trigonometry is essential, which may leave students who lack proficiency in these areas to struggle.
Calculus also demands higher-order thinking and multi-step problem-solving skills, which can be
intimidating. Additionally, many concepts require the ability to visualise curves, slopes and areas under
curves, posing a challenge for some learners. Nevertheless, a study conducted in Northern Province,
Zambia, by Chama et al. (2023) showed that students have a positive perception and attitude towards
calculus. Learning motivation, learning anxiety, mathematical connection ability, problem-solving ability
and students' perceptions of teacher competence significantly affect mathematics learning achievement and
are highly correlated (Retnawati, 2022).

Calculus 1, often the first course in a calculus sequence, introduces students to the fundamental
concepts of limits, derivatives, and the basics of integration. Meanwhile, Calculus 2 builds on this
foundation, exploring deeper into techniques of integration, series and sequences, polar coordinates and
parametric equations. The progression from Calculus 1 to Calculus 2 requires a thorough understanding of
the initial concepts to successfully grasp more complex topics. This transition is not merely a step up in
difficulty but a continuation of conceptual understanding. Basic Calculus becomes difficult owing to a lack
of knowledge and a poor foundation in Basic Mathematics (Domondon et al., 2022). The principles learned
in Calculus 1 are integral to tackling the more advanced topics in Calculus 2. Therefore, a strong foundation
in Calculus 1 is often predictive of a student's success in subsequent calculus courses. Performance in first-
term calculus consistently impacts success in second-term calculus for students in science, mathematics,
and engineering (Sahmbi, 2020). Positive experiences and success in previous mathematics courses can
boost confidence and create a more favourable perception of calculus.

This paper aims to investigate the relationship between students' performance in Calculus 1 and their
subsequent success in Calculus 2. Specifically, it seeks to answer the following questions: How does
proficiency in Calculus 1 affect students' ability to understand and apply concepts in Calculus 2?
Understanding these relationships can provide insights into how to better prepare students for advanced
mathematical studies.

2. LITERATURE REVIEW

Today, many studies have examined basic mathematics achievement. Basic mathematics is important in
learning mathematics and calculus to the next level. Many recent studies (Ormonoy, 2022) have shown the
importance of solving math problems in elementary school. In the end, problem-solving plays an important
role in the process of mastering one or another theoretical material studied in the primary grades, develops
students' thinking skills and concerns the difficulties facing students when learning mathematics.

One of the reasons for the low overall achievement in mathematics is a lack of mathematical problem-
solving skills. These eclements are influenced by student, teacher, curriculum, school, and family
considerations (Algani & Eshan, 2019). In terms of problem-solving, most students struggle with creative
thinking abilities, particularly fluency, adaptability and novelty (Yayuk et al., 2020). Furthermore, the
structure and content of textbooks can impede the development of problem-solving skills as they frequently
provide limited possibilities for learning through problem-solving (Masina & Mosvold, 2023).

According to Tiwari (2023), a variety of factors influence student achievement in mathematics,
including student-related factors such as thinking, attitude, knowledge, and participation. Equally important
are teacher-related factors, such as knowledge, activities, quality, and beliefs, which have a direct impact
on student outcomes. Furthermore, systemic factors such as the curriculum, evaluation system, and
authorities' mindsets all contribute significantly to low achievement levels. Furthermore, environmental
and societal factors, which include both the school's internal and external environments as well as societal
attitudes towards education, have an impact on student achievement in mathematics.
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Research by Wang et al. (2023) on factors predicting success in mathematics has identified several
key predictors and several factors that influence math achievement worldwide. Two factors shown to
positively influence outcomes are the student's grade level and their family's socioeconomic status (SES).
In contrast, five factors were associated with lower math achievement: student absenteeism or tardiness,
repeating grades or dropping out, student misbehaviour, teacher and staff shortages, and the use of student-
centered instruction. Another research by Maamin et al. (2020) discovered that the predominant teacher
factor with a significant relationship to students' maths achievement is the teacher's qualities as measured
by the teacher quality dimension. To increase students' achievement in mathematics, stakeholders must
place special emphasis on the teacher characteristics dimension of teacher quality. Stakeholders should
prioritize improving teacher characteristics such as qualifications, experience, and content knowledge to
enhance student mathematics achievement.

While a solid mathematical foundation is important, self-efficacy is also a key motivational predictor
of success in calculus. Self-efficacy refers to a student's belief in their ability to succeed in specific tasks or
subjects. Students with high self-efficacy are more likely to engage with challenging material, seek help
when needed, and persist through difficulties. According to Nuruddin et al. (2020), a high level of self-
efficacy alone does not guarantee high performance. However, students must also improve their
understanding and knowledge of mathematical techniques to enhance their performance in integral
calculus.

Additionally, other psychological factors play a role in mathematical achievement. Ugwuanyi et al.
(2020) found that emotional intelligence, self-efficacy, and self-esteem are positively related to students'
achievement in mathematics, suggesting that these factors significantly predict academic success in the
subject. Zakariya (2021) further supports this, stating that high scores on prior mathematics knowledge tests
and strong self-efficacy significantly enhance students' ability to solve first-year calculus tasks.

Calculus performance is significantly predicted by several factors, including the senior high school
strand, calculus enhancement programs, and admission scores in mathematics and abstract reasoning (Agua
etal., 2023). Non-cognitive elements like achievement objectives and mathematics resilience also influence
students' performance in mathematics. Particularly, university students' performance in mathematics is
significantly correlated with their values and mastery-approach goals (Vergara, 2021). These findings
highlight the importance of both cognitive and non-cognitive factors in predicting and improving calculus
performance at the university level. However, there is a growing disconnect between high school pre-
calculus grades and university calculus performance, suggesting a need for improved alignment and
communication between high school and university educators (Barr et al., 2022).

The transition from introductory to advanced mathematics and the factors influencing student
performance in calculus courses have been the subject of recent studies. Numerous factors, such as major,
instructor, gender, and timing of the course, have been found to be predictive of Calculus I success (Hurdle
et al., 2022). According to Peters & Ogilvie (2020), a significant number of students have demonstrated
success in applying their mathematical knowledge to real-world situations during the transfer from Calculus
I to engineering courses. A new model based on the Four Component Instructional Design has been
developed to support the calculus secondary-tertiary transition. It emphasises reasoning, meaningful
problem-solving, and concept-procedure connections (Wade et al., 2023). Although these investigations
concentrate on calculus, related studies in computer science (CS) have discovered that CS1 grades can serve
as predictors of CS2 performance, with most students either maintaining or marginally declining their
grades during the transition (Layman et al., 2020).

Research consistently shows that a solid foundation in precalculus is essential for success in calculus
courses. Students must have a solid foundation in pre-calculus concepts before continuing to Calculus 1
and beyond. The need to align knowledge states and critical learning pathways can help identify areas for
additional enrichment and remediation to improve students' understanding of basic calculus concepts.
Knowledge Space Theory analysis has provided evidence supporting the importance of a solid precalculus
background for calculus success (Chahine & Grinshpon, 2020).
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Research supports the importance of a solid mathematical foundation. For instance, students who have
taken precalculus tend to have significantly lower fail rates in Calculus I compared to those who have only
completed college algebra or trigonometry. This may be due to their stronger motivation and clearer
pathway toward science-related degrees (Hurdle & Mogilski, 2022). Similarly, Sencindiver (2020) found
that students who actively manage and reinforce their precalculus knowledge achieve higher performance
in Calculus I compared to those who do not. Moreover, mastering the concepts taught from precalculus
through Calculus II provides the foundational knowledge necessary for advanced studies in science,
technology, engineering, and mathematics (Voigt et al., 2020).

McNicholl et al. (2021) implemented Pathways, a research-based precalculus curriculum, in a large-
lecture format supplemented by recitations, clickers, and online homework, and discovered that this
implementation resulted in improved student success in precalculus, improved student retention in calculus,
and significant shifts in student understanding of precalculus ideas that are fundamental to learning
calculus. According to the study, increases in precalculus student achievement resulted in higher calculus
retention rates and marked changes in students' comprehension of precalculus concepts, which are essential
to learning calculus.

Additionally, the study by Schraeder et al. (2019) revealed that, while students viewed prior calculus
exposure in high school as beneficial, it was not deemed essential for success in college calculus; however,
some students believed that a poor high school calculus class could negatively impact their college
performance, with the placement method, whether through testing or taking prerequisites, emerging as a
more significant factor in student success than prior calculus experience. However, Watson et al. (2023)
demonstrated that the Precalculus Concept Assessment Inventory was used to assess students' precalculus
proficiency. The researchers discovered that students who were exposed to the Modelling Practices on
Calculus (MPC) model were more likely to succeed in their calculus course, even if they had limited
precalculus knowledge at the start. The MPC active learning model not only enhanced calculus success for
students, even those with low precalculus proficiency, but also led to significant improvements in their
precalculus skills throughout the semester.

Active learning approaches in calculus instruction have shown promising results in enhancing student
engagement and performance. Active learning techniques have been shown to improve student engagement,
comprehension, and retention in Science, Technology, Engineering, and Mathematics (STEM) courses,
especially mathematics and calculus. Research has shown that implementing active learning strategies can
improve students' perceptions of mathematics, increase classroom engagement, and facilitate discussion
(Kurepa et al., 2019). Another study suggests that lecturers can respond to student learning needs by
emphasising sensitivity to student participation and introducing advanced mathematical thinking
(Petropoulou et al., 2020). Students' perspectives on learning in calculus courses reveal two major
approaches: coping intention, in which students seek assistance to reduce uncertainty, and learning
intention, in which students take responsibility for their learning (Hauk & Hsu, 2022). These findings
suggest that tailoring teaching methods to student needs can enhance the learning experience in
undergraduate mathematics courses.

3. METHODOLOGY

This study was conducted on a sample of 67 Engineering students from diploma programs in Electrical,
Mechanical, and Civil Engineering who took Calculus I during the March-August 2023 semester and
Calculus II during the October 2023-February 2024 semester. The population consisted of 82 students
enrolled in Calculus I, but purposive (judgmental) sampling was used to select only those who passed
Calculus I for further analysis. Data for the study included the final assessment scores for both Calculus I
and Calculus II that are from a paired sample. Analysis was carried out using descriptive and inferential
statistics with the Statistical Package for Social Sciences (SPSS) version 20.0 to explore the relationship
between students' performance in both courses.
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A descriptive study of the student's grades was initially conducted to examine the percentage

frequency of students achieving grades A, B and C in both subjects. Therefore, the grades were slightly
consolidated to focus solely on grades A, B and C, as shown in Table 1.

Table 1. Combination of student score grade

Marks Grade Grade Combination
100 - 75 A+, A, A- A
74 - 60 B+, B, B- B
59-50 C+C C

This study proceeded with regression and correlation analysis to examine the relationship between
Calculus I and Calculus II. The analysis requires the assumption that the data used must be normally
distributed and the homogeneity of variance. To verify that these assumptions are true, a few residual
diagnostic plots, including scatter plots, normal probability plots, and histograms, will be employed.
Pearson correlation coefficient, r, was used to measure the strength and direction of the linear relationship
between the independent variable (Calculus I) and the dependent variable (Calculus II). The scale for
interpreting the strength of the correlation ranged from -1 to 1. A correlation value close to 1 or -1 indicates
a perfect relationship, either positive or negative, while a value of 0 indicates no significant linear
relationship between the variables. Table 2 displays the correlation scale based on the r value (Jamil, 2020).

Table 2. Correlation value and relationship

Correlation coefficient, r Strength/Relationship
1.00 Perfect

0.7 -0.99 Very Strong

0.5-0.69 Strong

0.3-0.49 Moderate

0.1-0.29 Weak

0.01-0.19 Very Weak

Meanwhile, a linear regression analysis was performed to explain the tendency of Calculus II score
changes based on changes in Calculus I scores. A simple linear regression model was employed in this
study. First, the coefficient of determination (R?) value was examined to indicate the percentage of variation
in the Calculus II score that can be explained by the Calculus I score. Subsequently, the t-test and p-value
were assessed to determine if the regression coefficient is statistically significant, with a p-value of less
than 0.05 being considered significant. In contrast, the F-value was used to examine the fit of the model
that resulted significantly from the relationship between these two variables.

As with all surveys, some limitations are present in this study. First, the results are specific to students
from Engineering courses and may not be representative of all students from other disciplines. A larger and
more diverse sample could provide more generalizable results. Second, the study uses only the final
assessment scores for both Calculus I and Calculus II. This approach does not consider other factors that
may influence student performance, such as continuous assessment, attendance, participation, or different
teaching methods, which could provide a more comprehensive understanding of the students' learning
outcomes. Future research could consider addressing these gaps to provide a more comprehensive analysis.
https://doi.org/10.24191/jcrinn.v10i1.458
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4. RESULT AND DISCUSSION

Figure 1 shows the descriptive results, which are the percentage bar charts for grades in Calculus I and
Calculus II. The results indicated that the majority of students obtained a grade B in both subjects, with
48% in Calculus I and 45% in Calculus II. This is followed by grade C with 34% and grade A with 18% in
Calculus I. In Calculus II, the second highest percentage was grade A at 28%, followed by grade C at 27%.
There was also a noted increase in the percentage of grade A students from Calculus I to Calculus II, with
a rise of 10%, while grades B and C saw a decrease of 5% and 7%, respectively. The positive increase in
grade A suggested that 18% of students were able to master the basics in Calculus I and maintain excellence
in Calculus II (28%). However, the percentage of grade C remained relatively high, implying that while
student performance in Calculus was satisfactory, they mainly grasped basic concepts and might struggle
with more complex problems or advanced applications. Students also need support from lecturers and peers
to improve their basic understanding for more comprehensive achievement (Brookhart, 2017).

PERCENTAGE GRADE FOR CALCULUST AND CALCULUS IT

50 48
45

Fre quency (%)

E C
Grade

m CALCULUS I m CALCULUS II

Fig 1. Bar chart for percentage grades of Calculus I and Calculus II

Figure 2 and Figure 3 are the results of assumptions for independence of observation, normality,
linearity, and homoscedasticity. It is found that the data obtained from the histogram is evenly distributed
according to the bell shape, and from the P-P plot, the points are all around the line and in the diagonal
direction, although there are only a few that deviate slightly from the straight line as shown in Figure 2.
This shows that the assumption of normality is not violated.
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Fig.2. Diagnostics on the normality assumptions

In Figure 3, the plots of the regression standardized residuals and the regression standardized predicted
values are randomly distributed, which indicates that the assumption of homoscedasticity is not violated.
These residuals also have constant variance. It was also found that the assumption of linearity was met
through simple linear patterns, as shown in the regression plots of standardized residuals and dependent
variables (Calculus II).
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Fig.3. Diagnostics on the homoscedasticity and linearity assumptions

The Pearson correlation analysis, as shown in Table 3, was conducted to determine the strength and
direction of the linear relationship between the performance in Calculus I and Calculus II. The results
indicated a significant positive correlation, with a correlation coefficient of r = 0.571 and a p-value of 0.00
(< 0.05), suggesting a strong relationship between the two variables. Statistically, this means that students
who perform well in Calculus I are likely to achieve higher grades in Calculus II. In other words, there is a
tendency for students with higher scores in Calculus I to also score higher in Calculus II, which reflects a
strong positive linear association between the two courses. This finding is supported by previous studies.
https://doi.org/10.24191/jcrinn.v10i1.458
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Mittag & Collins (2000) found that Calculus I grades were the best predictor of Calculus II performance,
with students who underwent reform in Calculus I more likely to earn higher grades in Calculus II.
Similarly, Bullock et al. (2016), in a natural experiment comparing reformed and non-reformed Calculus I
cohorts, found no disadvantage in Calculus II performance for students in the reformed Calculus I group.
These studies corroborate the idea that strong performance in Calculus I is generally associated with better
outcomes in Calculus II, further validating the results of the current study.

Table 3. Correlation between Calculus I and Calculus 1T

Calculus II
Calculus I Pearson Correlation 0.571
Sig. (1-tailed) 0.00
N 67

Table 4 shows the results of R? of the regression analysis conducted in this study. It was revealed that
R? = 0.326, indicating that 32.6% of the variation in Calculus II scores can be explained by the Calculus I
scores. Although this percentage was relatively low, it suggested that Calculus I scores still influenced
Calculus II scores. The remaining 67.4% was influenced by other factors not accounted for by this model.
Possible factors include the students' individual approaches to learning and their level of mastery of basic
Calculus I concepts, which was satisfactory based on the grades obtained in Calculus 1.

Table 4. Summary for R square

Model R R Square

1 571 0.326

Predictors: (Constant), Calulus I

Table 5. Summary of simple linear regression analysis

Regression Coefficients t Sig.
(Constant) 32.364 5.079 0.00
Calculus I 0.551 5.603 0.00

F=31.397,p=0.00

a.Dependent Variable: Calculus II,

b.Predictors: (Constant), Calculus 1

Table 5 shows the summary of simple linear regression analysis. From the result, the regression model
obtained are as follows:

Calculus IT Score = 32.364 + 0.551(Calculus I Score) €8

The regression model (Eq.1) explains how Calculus I scores influence Calculus II performance. The
coefficient of 0.551 for Calculus I indicates that for each additional mark a student scores in Calculus I,
their Calculus II score is expected to increase by approximately 0.551. This reflects a positive linear
relationship between the two courses, which is statistically significant as demonstrated by the t-value of
5.603 and p-value of 0.00 (<0.05). The large t-value confirms that this coefficient is significantly different
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from zero, meaning the relationship between Calculus I and II scores is not due to chance. The constant of
32.364 in the regression model represents the hypothetical score in Calculus II if a student scored zero in
Calculus I. While this constant is required for the regression equation, it is more of a technical artifact and
doesn’t carry practical meaning in this context, as no student would realistically score zero in Calculus 1.

The F-value of 31.397 with a p-value of 0.00 (<0.05) shows that the overall regression model is
statistically significant (Table 5). This means that the combination of the constant and the coefficient for
Calculus I explains a significant portion of the variance in Calculus II scores. The R-squared (R?) value of
0.326 further supports this, indicating that 32.6% of the variability in Calculus II scores is explained by
Calculus I scores (Table 4).

Thus, this model demonstrates that Calculus I performance is a strong predictor of Calculus II
performance, as supported by the significant t-test for the coefficient and the F-test for the overall model.
The analysis affirms that students who perform better in Calculus I are likely to achieve higher scores in
Calculus II. This result aligns with past research, such as the findings of Mittag & Collins (2000) and
Bullock et al. (2016), which support the predictive power of Calculus I scores on subsequent Calculus 11
performance.

5. CONCLUSION

The results of this study highlighted the critical role of a strong foundation in Calculus I for succeeding in
Calculus II. Even though other factors could also contribute to the outcome, the significant increase in the
number of students achieving grade A in Calculus II suggested that mastering the basics in Calculus I can
lead to higher achievement in more advanced calculus concepts. However, the persistently high percentage
of grade C students indicated that many students only achieve a satisfactory level of understanding. These
suggest the necessity for additional support. Providing targeted support for students struggling with
fundamental concepts in Calculus I can help improve their performance in Calculus II. This support can
include tutoring, peer study groups, as well as additional resources such as online tutorials and practice
problems.

Future studies should investigate other factors that influence Calculus II performance, such as students'
study habits, classroom environment and instructor effectiveness, to develop a more comprehensive
understanding regarding the determinants of success in calculus courses.

In conclusion, the study demonstrated that a solid grasp of Calculus I concepts is crucial for success
in Calculus II. Enhancing foundational knowledge and providing robust support systems can significantly
improve students' performance and confidence in tackling advanced mathematical problems. In addition,
skipping this step can significantly affect a student's understanding and performance in their subsequent
mathematical studies.
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