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Abstract  
The ability to develop and apply mathematical thinking in order to solve a variety of problems is a 
major competence for scientific and technical undergraduate degrees, and in particular for a chemistry 
program. Here we report a research for the evaluation of the level exhibited by the chemistry 
undergraduate students at the University of Barcelona on this specific competence. With this purpose 
we designed a test consisting on five exercises of different degree of difficulty. Students at different 
courses took the test with the objective of analysing the evolution of this competence during the 
degree. We also evaluated possible correlations between the test results and the University Access 
Test (UAT) average score and undergraduate qualifications, as well as with the other academic 
indicators. 

The particular analysis of each one of the five questions reveals different observations that deserve 
attention. The obtained average grade is rather low; only a few students successfully answered all the 
questions whereas the number of those who did not answer any question correctly is much larger. The 
degree of difficulty that was presumed for each question did not correspond with the average number 
of correct answers, and this is especially dramatic for the questions that involved reasoning on 
percentages and proportions. Moreover, the question involving differentiation and integration concepts 
was not answered by most of the students.  

The global analysis of the test grades did not display any correlation between the test results and the 
University Access Test grades, but a clear correlation with the undergraduate grades is observed. The 
students that follow the highest progression rate (60 credits per year) answered the test more 
successfully than those with a lower rate. Moreover, both groups had better results than freshmen, 
which took the test just starting the chemistry degree. Finally, among freshmen, those who chose 
Chemistry as a first option to enter the University exhibited better mathematical reasoning abilities. 
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1 INTRODUCTION  
During our teaching experience in the Bachelor in Chemistry (BSc-Ch) at the University of Barcelona 
(UB) we have noticed a certain lack in basic mathematic abilities in some of our students. We refer to 
the use of simple numerical skills like proportions, percentages and conversion factors, or those based 
on elemental integration and derivation concepts. Such a deficiency in mathematical reasoning 
competences is clearly evident in the new enrolled students but it can also be observed in many 
students at different levels of the Chemistry program. Unfortunately, this problem affects negatively 
the learning process of many Chemistry courses where mathematical concepts are strongly required. 

The authors devoted several years teaching in the first course of our BSc-Ch and have already carried 
out several studies on different skills of freshmen [1-4]. The aim of these studies has always been to 
acquire a deeper understanding of the situation of our new students in an attempt to improve both, 
their academic performance and their employability skills. In the present communication the 
Mathematical reasoning competence has been evaluated and analysed for students of the BSc in 
Chemistry of the UB at the beginning of the academic year 2016-17. The test had a double objective; 
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first, to correlate the test results with the freshmen previous grades, both the Mathematics and the 
global access to University. Second, we also wanted to analyse the evolution of mathematical skills 
during chemistry degree, so that the test was also performed from sophomore to junior and senior 
students. We hope the results of this study will provide strategies to improve the mathematical abilities 
of our students, and consequently, their general academic performance.  

2 METHODOLOGY 
The results reported in this communication are based on a test examination that took place at the 
beginning of the academic year 2016-17 (October 13, 2016). The BSc-Ch of the UB consists of 240 
credits divided into 4 academic years; students that progress according to the standard credits per 
year rate pass 60 credits/year. Grading system in Spain ranges from 0 to 10 and a subject is passed 
when the grade is equal or higher than 5.0. The grade average is calculated as the grade of each 
subject by its number of credits and divided by the number of credits taken. 

576 students of different courses of our Chemistry program voluntarily participated in the project; the 
distribution of involved students on the different stages of the degree is summarized in Table 1. 

Table 1.  Number of students that participated in the test according to their stage in the Chemistry program.  

Number of passed credits [0] (0-60) [60] (60-120) [120] (120-180) [180] (180-240) 

Total students in this range 220 164 64 183 50 156 62 155 

Students participating in the test 196 69 52 82 41 79 32 25 

The examination consisted of five test questions, and five different answers were provided for each 
question. A correct answer corresponded to 1 point, an incorrect answer resulted in -0.25 point, and 
no-answered questions did not score. The obtained grades were then scaled in the 0-10 range. The 
time available for the whole test was of 11 minutes. 

Different mathematical skills have been considered and were distributed along the five questions. 
Questions 1 and 2 evaluated the ability for the use of fractions and percentages, respectively. In 
question 3 a simple multi-variable problem that could be solved by a two-equations system was 
proposed. The use of factor conversions involved in simple solution dilution processes was tested in 
question 4. Finally, question 5 examined the comprehension of basic integration and derivative 
concepts. Both the questions and the format of the test examination have been validated by the 
Institute of Education Sciences from the University de Barcelona (ICE-UB). 

3 RESULTS 

3.1 Analysis of answers and global results  
The detailed analysis of each one of the five questions is plotted in Fig. 1a, and some conclusions can 
be readily noticed. First, the largest proportion of incorrect answers is by far found for questions 1 and 
2 indicating deficient skills in the use of fractions and percentages in most students. Second, 
questions 4 and 5, related to factor conversions and integration and derivation concepts, displayed the 
largest number of no-answers, combined by a larger number of incorrect answers than correct ones. 
This is particularly alarming since a “no answer” is usually related to a sort of acceptance of ignorance 
on the questioned issue. Finally, the most successful question is number 3, the only one that 
displayed more correct answers than both incorrect ones and no answers.  

As it is observed in Figure 1b, the proportion of students displaying one or less correct answers is 
disturbingly high, about a 71%. Only one student answered correctly all the questions and six students 
score in four of them (1%). The results are clearly unsatisfactory and reveal a deficiency in 
mathematical reasoning, and in particular in concepts and skills that chemists should be familiar with. 
The test grades distribution is reported in Table 2. The average test score is 2.75±0.94, and only 57 
out of 576 students passed satisfactorily the test (grade ≥ 5.0). 
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Figure 1. (a) Number of correct, incorrect and no answered questions.  
(b) Number of students that answered correctly a number of questions. 

Table 2.  Number of students according to their score in the test. The mean score has been 2.75±0.94 

Test grade range [0-2) [2-4) [4-6) [6-8) [8-10] 

 198 214 115 39 10 

3.2 Correlation with student grades 
In Figure 2 the distributions of the test scores with the academic grades of the participants have been 
plotted. For the 196 freshmen, which do not have any undergraduate grade yet, we looked for 
correlations with the University Access Test (UAT) grades, whereas for the remaining 380 students, 
the correlation with their current undergraduate grades was attempted. Clearly, a correlation is found 
for the latter group (higher undergraduate grades imply better test results) whereas no significant 
correlation with UAT grades is found for the new students.  

 
Figure 2. Test score respect to academic grades for freshmen (vs UAT grades) and sophomore-senior  

(vs BSc-Ch grades). Errors bars correspond to the standard deviation.  

This is important because it means that UAT results do not reflect much the mathematical 
competences of the students when they enter the University. This could be attributed to the fact that 
UAT grades include different disciplines and not only Mathematics. This clearly indicates that the 
competences in Mathematics are not well consolidated when entering the University. Nonetheless, the 
correlation with undergraduate grades for sophomore to senior students, reveals that these 
competences are kind of accomplished during the degree, although the fact that the most brilliant 
students (those with the highest grades in the range [8-10]) only reached a test score about 6, is still 
disappointing. 
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3.3 Analysis for different students groups 
First, we have followed the test score for students at different levels of the degree. As it can be seen in 
Table 3, freshmen exhibited the lowest average test score (also in accordance to Fig.2), whereas the 
behaviour at different semesters is rather irregular and no improvement is found at more advanced 
semesters. Interestingly, the group of students with exactly 60, 120 and 180 credits seems to obtain 
higher test scores than the others. This group corresponds to those students that progress according 
to the standard credit per year rate. This is confirmed in Table 4 where the distribution of the average 
test score is provided for students at different credit per year ratios. Clearly, students with a lower 
progression rate exhibited the worst mathematical reasoning competences.  

Table 3.  Distribution of average test grades for students at different semesters of the Chemistry degree. 
The number of students for each category can be found in Table 1. 

Number of 
credits [0] (0-60) [60] (60-120) [120] (120-180) [180] (180-240) 

Test score 
2.34 

±0.85 
2.53 

±0.87 
3.24 

±0.94 
2.91 
±0.90 

3.79 
±1.12 

2.66 
±0.92 

3.03 
±0.92 

3.15 
±1.01 

Table 4.  Distribution of average test grades for students with different credits/year rate.  
Freshmen and students incorporated from other BSc are not included. 

Credits/year (0-45] (45-60) [60] 

Number of students 102 131 116 

Test score 2.67±0.87 2.80±0.88 3.43±1.02 

Besides dividing the group of students from second to fourth year into slow (they pass less than 60 
credits/year) and fast (60 credits/year) subgroups, the set of new students can be also divided in two 
subgroups depending on whether they selected Chemistry degree as a first option to enter the 
University or not (in the Spanish system to accede to the University, the students who do not have 
enough grade to accede to their first option can go to the second or even to superior options). As it is 
reported in Table 5, the four resulting subgroups of students exhibited distinct levels of mathematical 
competences. Freshmen who did not choose Chemistry as their first University option displayed the 
worst test results, significantly worse than those who did it and are supposed to be more motivated. 
No-freshmen students display better test results than freshmen, and in particular, the students that 
follow the fastest progress in the degree displayed the best results on mathematical competences.  

Table 5.  Average test grades for different students groups. 

Group Freshmen & Chem 
NO 1st option 

Freshmen & 
Chem 1st option 

No-freshmen & 
slow 

No-freshmen & 
fast 

Number of students 70 126 255 125 

Test score 1.93±0.76 2.57±0.88 2.75±0.92 3.36±1.01 

4 CONCLUSIONS 
In the present communication we have evaluated and analysed the mathematical reasoning 
competence for 576 students of different courses of the BSc in Chemistry of the UB. A test consisting 
of five questions evaluating different mathematical skills like the use of fractions and percentages, 
factor conversions and basic integration and derivative concepts was performed at the beginning of 
the academic year 2016-17.  

The results suggest deficient skills in the use of fractions and percentages in most students, as well as 
lack of comprehension of fundamental integration and derivation concepts. Disturbingly, most of the 
students answered correctly one or less questions, whereas only about a 10% of the students passed 
satisfactorily the test.  
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The most important results can be summarized as follows: 

• For freshmen, no correlation of the test results was found with UAT grades (and with the 
mathematics UAT exam neither). 

• The test results were improved for students from sophomore to senior, but the most brilliant 
ones only reached a test score about 6. 

• Test performance at different semesters was rather irregular and no significant improvement 
was found at advanced semesters. 

• The group of students that progress according to the standard credit per year rate obtained the 
highest test scores. Students with a lower degree of progression exhibited much worse 
mathematical abilities. 

• Freshmen who did not choose Chemistry as a first University option displayed the worst test 
results. 

The fact that the most brilliant students reach a test score about 6 suggests that perhaps the 
questions were too difficult and/or that the time available to solve the test was not enough.  
Nevertheless, interesting conclusions can be drawn, particularly for freshmen students. First, the no-
correlation between the test results and the UAT grades has been a very surprising result because 
this indicates that the competences in mathematics are not well consolidated when entering the 
University. Second, the observed relationship between mathematical skills and the option to access 
the University has been also an unexpected result; many of the students who accessed Chemistry in 
their second option had better UAT grades than some of the first-choice and yet, their results were 
worse. This highlights the importance of motivation in academic outcomes. 

Once passed the first BSc in Chemistry course the mathematic abilities improved, but a significant 
number of students continued to fail questions referring percentages or conversion factors, thus 
meaning that such simple concepts must be reinforced along the whole BSc-Ch.  

We hope the results of this study will provide strategies to improve the mathematical abilities of our 
students, and as a consequence, their general academic performance. 
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