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Abstract  Mathematics plays a crucial and widespread role in the field of chemistry, serving as an indispensable tool for 

exploring essential chemical concepts. Proficiency in mathematical skills, including the ability to rearrange algebraic 

equations and exhibit effective problem-solving capabilities, stands out as a fundamental factor in predicting students' 

success in general chemistry coursework. This study examines the direct relationship between proficiency in elementary 

algebra and success in nursing chemistry (General, Organic, and Biological Chemistry, CHE121) at the community college 

level, where SAT scores are not required for admission. The study is based on the hypothesis that students who have a strong 

foundation in elementary algebra are more likely to perform well in CHE121, which requires a solid understanding of 

mathematical concepts such as stoichiometry calculations, Avogadro’s number, metric conversion, gas formulas, balancing 

chemical equations, and formula conversions. The study involved collecting data from a sample of students enrolled in 

CHE121 at a community college. The results showed a significant positive correlation between elementary algebra 

proficiency and success in CHE121, supporting the hypothesis. These findings have important implications for educators and 

students, as they highlight the critical role of mathematics in the nursing chemistry curriculum and the importance of early 

preparation in basic mathematical skills for success in the field of nursing. 
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1. Introduction and Background 

A student having a strong Mathematics background    

can solve chemistry problems involving stoichiometry 

calculations, Avogadro’s number, metric conversion, 

balancing chemical equations, and formula conversions 

easily. However, those students who lack basic Math skills 

cannot even translate word problems into actual quantitative 

equations. A chemistry course requires many calculations, 

and the students can not be successful without basic 

mathematical skills. 

The notion of a correlation between chemistry grades  

and proficiency in mathematics is a well-established and 

recurring topic within the academic discourse. Several 

studies showed that those students who achieve higher 

grades in mathematical tests tend to achieve higher grades  

in their chemistry course, as well [1-7]. In one study [1],   

an examination  consisting of 84 items was  administered to 
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students via mail, accompanied by specific instructions to 

refrain from using calculators. Subsequently, the students 

were notified of their performance on the examination   

and given the opportunity to enroll in a concurrent 

supplementary course. This supplementary course was 

designed to provide a comprehensive and concentrated 

review of the mathematical principles relevant to the 

examination. Remarkably, a significant proportion of     

the students who opted for the supplemental course 

demonstrated successful outcomes in their subsequent 

chemistry course. At Oberlin College [2], an additional study 

was undertaken to investigate the association between 

students' mathematical abilities and their corresponding 

chemistry grades. To accomplish this, the researchers 

collected and juxtaposed the grades achieved in Chemistry 

101 during the fall semesters from 1987 to 1994, as well as 

the grades obtained in Chemistry 102 during the spring 

semesters from 1988 to 1995. These academic records were 

then compared against the SAT-Math scores of the students. 

The results showed that the students who scored higher 

grades on SAT-M tests also scored higher on Chemistry 

class. In another study [3], a Mathematical test was designed 

for students to evaluate their ability in converting word 

expressions into mathematical ones, interpreting the data 
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graphically, differentiating between direct and indirect 

proportion, and solving multistep problems. The results 

showed that most of the students who experienced difficulty 

using simple mathematical formulas also had difficulties  

for chemistry questions like- metric conversion, balancing 

chemical equations, expressing solution concentration, and 

writing formulas from the word equations. Further, students 

with varying levels of mathematical abilities were grouped in 

a chemistry laboratory, and the results showed an improved 

learning experience for all students [8]. Other studies have 

explored the impact of language comprehension [9] or scale 

literacy [10] on students' success in chemistry courses. These 

studies were conducted at four-year colleges that require 

SAT test for admission. 

Community colleges are the main gateway to 

post-secondary education in the United States. According to 

the recent National Center for Education Statistics (NCES) 

data, 42% of all first-time freshman college students in the 

United States are enrolled in two-year institutions. However, 

the percentage of the community college students who earn a 

degree even after four years is only 28% (Graph 1) [11]. One 

major reason for such low community college completion 

rates is remedial courses. 

 

Graph 1.  Graduation rates for students obtaining an associate degree  

from a public community college within 2, 3 and 4 years. (Source: 

https://nces.ed.gov/pubs2019/2019144.pdf) 

CHE121, the first part of a General, Organic, and 

Biological (GOB) chemistry course sequence is 

recommended for students intending to transfer to a 

bachelor’s degree in nursing and allied health science 

curricula. It offers an introduction to the fundamental 

principles of general, organic, and biological chemistry. 

Elementary algebra (MAT12/14/41 or 51) is the math 

pre-requisite for CHE121. According to the data obtained 

from the BMCC Office of Institutional Effectiveness and 

Analysis (Graph 2), every semester approximately 30% of 

enrolled students fail CHE121 which makes it a “high-risk 

course”. Course failures are multi-causal, they may be 

related to course rigor, previous preparation, life situations, 

learning styles, etc. The vast majority of students failing 

CHE121 are also the ones struggling with the math concepts, 

skills, and strategies needed for chemistry. Almost all of 

them have difficulty solving algebraic equations, rearranging 

formulas, calculating with exponents and scientific notation, 

etc. They have no problem understanding the chemistry 

content itself. These outcomes have led us to identify 

students’ mathematics skills as the primary factor leading to 

CHE121 success or failure. 

 

Graph 2.  CHE121 DFWI and Pass Rates between Fall 14 and Spring 18 

(Source: BMCC Office of Institutional Effectiveness and Analysis) 

In this study, the direct relationship between Math knowledge 

and Chemistry success is examined at a community college 

level that does not require the SAT for admission. 

2. Study Design 

CHE121, General, Organic, and Biological (GOB) 

chemistry, holds a notable position within the Science 

Department at Borough of Manhattan Community College 

(BMCC) due to its substantial size and enrollment statistics. 

Each semester, this course attracts approximately 700 

students across around 30 sections, making it one of the 

largest offerings in the department. Importantly, CHE121 

serves as a crucial entry point into the nursing program,  

often serving as the initial science course for pre-nursing 

students. This 4-credit course demands a significant time 

commitment of 6 hours per week, with two sessions per 

week consisting of a 3-hour lecture, either in person or online 

and a corresponding 3-hour laboratory component.  

In order to investigate whether there is a correlation 

between math skills and success in a nursing chemistry class 

among community college students, we designed a math 

skill test consisting of 20 questions to evaluate mathematical 

areas frequently used in the CHE121 course. The test is not 

intended to measure overall mathematical knowledge or 

achievement but rather focuses on questions selected 

specifically for their relevance to the general chemistry 

course taught at BMCC. For instance, many questions 

involve rearranging equations, using conversion factors, 

scientific notations, and elementary algebra. These skills  

are essential for students to excel in the CHE121 course,   

as they are foundational for understanding and solving 

chemical problems. 

Table 1, presented below, displays sample questions used 
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in the math skill assessment test and their applications in the 

CHE121 course. 

Table 1.  Illustrative math skill test questions and their alignment with 
chemistry concepts in the CHE 121 course 

Question Related General Chemistry Topic 

If a=b/c, solve for c. Density (Density = Mass / Volume) 

Rearrange the formula 

a/b=c/d to solve for d. 
Charles's Gas Law (V1/T1 = V2/T2) 

If a⋅b=c⋅d, solve for c  

given a, b, and d. 
Dilution Formula (C1·V1 = C2·V2) 

solve for a in a⋅10−5=10−14 pH and pOH Calculations 

Convert 0.35 cm to inches 

using the equality of                

1 in = 2.54 cm. 

Measurement and Conversions 

To ensure that the test remained impartial and avoided 

potential biases, the questions employed only mathematical 

notations such as 'a,' 'b,' 'c,' 'd,' etc., rather than chemical 

symbols like 'D' (density), 'm' (mass), 'V' (volume), 'T' 

(temperature), etc. This approach was taken to prevent any 

students from feeling disadvantaged due to unfamiliar 

chemical notations, thereby ensuring the test's effectiveness. 

3. Results 

The data analysis was conducted using the math skill test 

results of 168 students and their corresponding average 

chemistry test scores. The same chemistry tests were 

administered across seven sections of the CHE 121 course, 

instructed by two different instructors. During the data 

analysis, the focus was solely on the students' test scores. 

Lab grades, which often incorporate assessments of group 

work and online homework assignments, were deliberately 

omitted to maintain a clear focus on the relationships 

between students' chemistry test scores and their math skill 

test scores. 

The math skill test comprised exclusively of 

multiple-choice questions intricately linked to the 

foundational concepts and formulas taught in CHE 121. The 

math skill test score represented the sum of correctly 

answered questions, scaled on a range from 0 to 20. Graph  

3 shows the broadly distributed math skill test scores of 164 

students. At the high end, about 29% of students scored 

18-20 points missing ≤ 2 questions. On the other hand, about 

24% of the students answered ≤ 12 questions of the 20 

questions correctly. 

The data analysis demonstrated a pronounced correlation 

between the average chemistry test scores of 164 students 

and their respective math skill test scores, with evident 

distinctions at both ends of the spectrum. Remarkably, 

students achieving perfect scores on all 20 mathematics 

questions (n=16) displayed an impressive average chemistry 

test score of 92.1, highlighting the potency of their 

mathematical proficiency in the chemistry domain. In stark 

contrast, students who managed to answer only 12 or fewer 

mathematics questions correctly (n=39) exhibited a notably 

lower average chemistry test score of 58.4, reflecting the 

challenges faced by those with less developed math skills. 

 

Graph 3.  Distribution of Math Skill Test Scores for 164 Students 

 

Graph 4.  Average chemistry test scores vs. Math skill test scores 

This correlation is represented in the scatter plot (Graph. 

4), revealing a distinct linear relationship between average 

chemistry test scores and math skill test scores. Notably, 

higher math skill test scores align with elevated average 

chemistry test scores, underscoring that students excelling in 

math skill tests are more likely to achieve academic success 

in chemistry, while those with lower math skill test scores 

face reduced prospects of academic accomplishment in 

chemistry. 

4. Discussion 

In the context of general chemistry courses, students' 

performance is notably enhanced by possessing prerequisite 

skills. Our research emphasizes the significance of 

mathematical proficiency, characterized by the ability to 

execute fundamental mathematical operations, perform 

algebraic rearrangements of formulas, and master numerical 

scales and basic calculation principles. Our study reveals a 

noteworthy outcome: students who demonstrate a higher 

level of mathematical proficiency consistently excel in 

nursing chemistry courses at the community college level, 

where SAT scores are not a prerequisite for admission. The 

math skills test emerges as a valuable tool, providing an early 

assessment of student capabilities and forecasting their 

performance in CHE 121, the nursing chemistry course. 
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This study was conducted exclusively within a singular 

academic institution, and both course tests and the math  

skill test were tailored in-house, specific to this institution. 

However, prior research [12] has suggested that the 

utilization of the tests even only the first test, irrespective of 

institutional variations, holds potential for predicting 

academic achievement in a chemistry course.  

The accessibility and effectiveness of the internally 

developed math skill test as a prognostic tool for a 

first-semester nursing chemistry course render it an 

appealing choice for early identification of students at risk of 

course failure, especially in comparison to less accessible 

metrics such as SAT/ACT scores, which are not mandatory 

for community college admission. When feasible, the 

integration of students' GPA data alongside their math skill 

test scores can further enhance predictive accuracy in 

identifying these at-risk students. 

The insights gained from this study can be a valuable 

resource for advising students. It is essential for all general 

chemistry students to appreciate the importance of 

mathematical skills, including the ability to work with 

algebraic equations, scientific notations, and conversion 

factors. For students who may have lower math skill test 

scores, it's crucial to convey that they can still succeed in a 

chemistry course. They need to find ways to bolster their 

mathematical abilities, as this plays a key role in achieving 

high grades.  

Recognizing the vital role of mathematical proficiency  

in chemistry, colleges can consider offering engaging 

workshops or mini-courses during winter or summer 

sessions for students with lower math skills. These tailored 

programs can effectively sharpen students' chemistry-related 

math skills, equipping them with the essential tools for 

success in chemistry courses. Furthermore, instructors   

can play a pivotal role in supporting students' math      

skill development. Allocating a mere 10-15 minutes of 

instructional time each week at the start of the class to revisit 

and reinforce crucial math skills pertinent to the upcoming 

chemistry topics can make a substantial difference.     

This proactive approach ensures that students enter their 

chemistry coursework well-prepared and confident. Such 

practical measures not only enhance academic outcomes but 

also contribute to overall student satisfaction and success. 

 

REFERENCES 

[1] Bohning, J. J. (1982). Remedial mathematics for the 
introductory chemistry course: the "CHEM 99" concept. 
Journal of Chemical Education, 59(3), 207-208.  

[2] Spencer, H. (1996). Mathematical SAT test scores and 
college chemistry grades. Journal of Chemical Education, 
73(10), 1150-1153. 

[3] Leopold, D. G. (2008). Degree of mathematics fluency and 
success in second-semester introductory chemistry. Journal of 
Chemical Education, 85(5), 724. 

[4] Hicks, K., & Overstreet, L. (Year not provided). The 
correlation between mathematical skills and success in 
chemistry. EDEF 606-Educational Research. 

[5] Weisman, R. (1981). A mathematics readiness test for 
prospective chemistry students. Journal of Chemical 
Education, 58(7), 564. 

[6] Gagan, M. (2008). Review of the student learning experience 
in chemistry. Higher Education Academy Physical Sciences 
Subject Centre. 

[7] Marr, C. M., & Grove, M. J. (2010). Responding to the 
mathematics problem. Higher Education Academy Maths, 
Stats & OR Network & the University of St Andrews. 

[8] Srougi, M. C., & Miller, H. B. (2018). Peer learning as a  
tool to strengthen math skills in introductory chemistry 
laboratories. Chemical Education Research and Practice, 19, 
319–330. 

[9] Pyburn, D. T., Pazicni, S., Benassi, V. A., & Tappin, E. E. 
(2013). Assessing the relation between language 
comprehension and performance in general chemistry. 
Chemical Education Research and Practice, 14, 524–541. 

[10] Gerlach, K., Traate, J., Blecking, A., Geissinge, P., & Murphy, 
K. L. (2014). Valid and reliable assessments to measure scale 
literacy of students in introductory college chemistry courses. 
Journal of Chemical Education, 91, 1538–1545. 

[11] U.S. Department of Education. (2019). The Condition     
of Education 2019. Retrieved from https://nces.ed.gov/pubs 
2019/2019144.pdf. 

[12] Hollabaugh N., Nolibos P. and Thomas A., (2019), Getting 
Off to a Good Start in Organic Chemistry: First-Exam Scores 
Predict Final Grades, Chem. Educ., 24, 6–10. 

 

https://nces.ed.gov/pubs2019/2019144.pdf
https://nces.ed.gov/pubs2019/2019144.pdf

