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Abstract  
Spatio-geometric reasoning is a fundamental competence in most of the scientific and technical 
university studies. However, it is only partially treated during the secondary education and most of the 
students that start the Chemistry degree at the University of Barcelona do not have a strong 
competence in this type of reasoning. 

In this sense, we were interested to have evidences about the level that our students have on the 
spatio-geometric reasoning competence. To achieve this goal, a test consisting on five exercises of 
different degree of difficulty was designed and taken by the students at the beginning of the academic 
year 2016-17. With the objective of having information about the evolution of this competence during 
the Chemistry studies (240 credits), the same test was taken by students from 1st to 4th year levels. 

The analysis of the results showed that only 2% of the students gave the correct answer to all the 
exercises, while 11% of the students failed in all the exercises. The average score of the students that 
had up to 60 credits was significantly higher than that of the students that had started the Chemistry 
studies in September 2016 (0 credits), but there were no significant changes in the average score of 
the students that had more than 60 credits. These results suggest that a positive evolution of the 
spatio-geometric reasoning competence is only observed during the first year of the undergraduate 
studies. On the other hand, the average score in this competence showed also a positive correlation 
with the rate of academic progression, that is, the students with a low progression rate (<= 40 
credits/year) had a significantly lower average score than those with an intermediate progression rate 
(41 to 59 credits/year), which had also a significantly lower average score than the students with the 
highest progression rate (60 credits/year). 
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1 INTRODUCTION  
Since chemical compounds have a tridimensional (3D) structure, the ability to identify as identical or 
different the components of any pair of objects or structures in a group is a basic requisite to solve 
more advanced problems [1-2]. Related to this spatial ability is the competence to use geometric 
relationships and calculations in order to solve structural chemical problems. However, our teaching 
experience at different levels of the BSc in Chemistry (BSc-Ch) points to some difficulties of the 
students in this spatio-geometric reasoning (SGR) competence. Although they are fundamental to 
most scientific and technical university studies, these abilities have been only partially treated during 
the secondary education. 

In a previous survey of basic competences among students of the BSc-Ch at the University of 
Barcelona, the SGR was identified as one of the competences that scored lower than average [3-4]. 
However that survey was restricted to first semester students, and it was more indicative of the level of 
these competences when the students entered to the university than of the progress made by the 
students during the first semester of the university studies. 
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In the present communication, the evolution of the SGR competence of the students during the whole 
BSc-Ch has been analysed, and it has also been correlated with their BSc-Ch average grade and their 
rate of academic progression. 

2 METHODOLOGY 
A multiple-choice test consisting of five exercises of different degree of difficulty was designed in order 
to assess the SGR competence of undergraduate Chemistry students. Different spatial and 
geometrical skills have been considered and were distributed along the five questions. These 
questions evaluated the ability to imagine the chemical structures in two and three dimensions (2D 
and 3D) and to recognize whether they are the same chemical structure in different disposition or not.  
Moreover, one question combined geometrical calculations with spatial visualization.  

Each exercise had five possible answers, with only one correct answer. 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 test was validated by the 
Institute of Educational Sciences from the University of Barcelona (ICE-UB). The time available for the 
whole test was of 11 minutes. 

The test was answered by 576 students, which represented a 55% of the total 1054 students enrolled 
in the BSc-Ch at the University of Barcelona. The test took place at the beginning of the academic 
year 2016-17 (October 13, 2016) and the participation of the students was voluntary.  

The BSc-Ch at the University of Barcelona consists of 240 credits divided into 4 years. Students that 
progress according to the planned rate receive 60 credits/year. Grading system in Spain ranges from 
0 to 10 and a subject is passed when the score is equal or higher than 5.0. The BSc-Ch average score 
is the weighted average of all the subjects considering the credits assigned to each subject. 

The distribution of participating students according to the number of already received credits is shown 
in Table 1. The students with 0 credits were the students that had just entered to the university. Since 
the participation of students with (180-240] credits was low (16%), their data should be considered 
with caution since it is not highly representative of that group of students.  

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

Received 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 

3 RESULTS AND DISCUSSION 

3.1 Distribution of students by spatio-geometric reasoning grades 
The distribution of students by SGR grades is shown in Fig. 1. In the first place, the level of difficulty of 
the exercises together with the time given to the students to answer them seems to be quite 
appropriate since 2% of the students (9 students) obtained the maximum score in the test and 11% of 
the students (61 students) failed in all the exercises. The most frequent score was in the [4-6) range 
(182 students), being the SGR average score of all the students that participated in the test 4.2 ± 1.1. 

It is worth mentioning that the 9 students with an SGR score equal to 10 were neither students with 
very high BSc-Ch average score nor students near to complete the BSc-Ch, as they had received 
between 110 and 180 credits. 
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Figure 1. Distribution of students by SGR average grades. 

3.2 Correlation between the spatio-geometric reasoning grades and the 
number of received credits 

The evolution of the SGR average grade as the students’ progress in the BSc-Ch is shown in table 2. 
The students that had just entered the BSc-Ch in September 2016 (0 credits) had the lowest SGR 
average grade. This seems to reflect the fact that spatio-geometric topics have been only partially 
treated in secondary education. A significant increase in the SGR average grade is observed in the 
group of students that had received (0-60] credits, which means that a positive evolution in the SGR 
competence occurs during the first year of the BSc-Ch. However, this positive evolution in the SGR 
competence apparently seems to stop, in average, at the end of the first year of the BSc-Ch, since the 
SGR average grade did not show further increases in the groups of students that had received more 
than 60 credits. This was an unexpected result, since spatio-geometric related topics such as 
stereochemistry are mainly developed during the second academic year, and used in the following 
years, of the BSc-Ch. 

Unfortunately, the SGR average grade of last year students is not very significant, due to the low 
participation in this test of that group of students (only 16 % of the students with (180-240] credits 
participated in the test). Nevertheless, it seems that the last year students tend to maintain the spatio-
geometric abilities they have acquired in the previous years. 

Table 2.  SGR average grades depending on the number of received credits. 

Received credits [0] (0-60] (60-120] (120-180] (180-240] 

SGR average grade 3.6 ± 1.0 4.5 ± 0.9 4.6 ± 1.1 4.6 ± 1.3 4.3 ± 1.0 

Number of students 196 121 123 111 25 

Considering only the group of students that had received 60, 120 and 180 credits when the test was 
done (table 3), that means students with the planned rate of academic progression (60 credits/year), 
and comparing them with the new students (0 credits in table 2) a highly positive evolution in the SGR 
average grade was observed on going from 0 credits’ students to 60 credits’ students. In addition, a 
significant increase in the SGR average grade was also observed on going from 60 credits’ students 
to 120 credits’ students. This suggests that the students with the planned rate of progression improve 
significantly their SGR abilities not only during the first year, but also during the second year of their 
Chemistry studies. This is in agreement with the fact that spatio-geometric topics are mainly 
developed during the second year of the BSc-Ch. Moreover, the highest SGR abilities seem to be 
reached at the end of the second year of the BSc-Ch in the group of students with the planned rate of 
academic progression.  
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Table 3.   SGR average grades depending on the number of received credits in students  
with the planned rate of progression (60 credits/year). 

Received credits [60] [120] [180] 

SGR average grade 4.8 ± 1.0 5.6 ± 1.2 5.2 ± 1.4 

Number of students 52 41 32 

From a detailed analysis of tables 2 and 3, it seems that the students with lower rates of academic 
progression do not take enough advantage of the spatio-geometric topics worked from the 2nd year on 
to increase their SGR abilities.  

3.3 Correlation between the spatio-geometric reasoning grades and the rate 
of academic progression 

The results described in section 3.2 suggested that the highest improvement in the SGR abilities was 
obtained in students that received credits at a rate of 60 credits/year. In order to further analyse these 
data, the SGR average score was correlated with the rate of academic progression, that is, the 
number of credits received per year. Table 4 shows that the SGR average score increases 
significantly with the academic rate of progression. This means that there is a positive correlation 
between the rate of academic progression and the improvement of the SGR abilities: the higher the 
rate of progression, the higher the improvement in the SGR abilities. 

Table 4.  SGR average score depending on the academic rate of progression 

Received credits/year [0-45] (45-60) [60] 

SGR average score 3.9 ± 1.0 4.4 ± 1.1 5.3 ± 1.2 

Number of students 102 131 116 

3.4 Correlation between the average scores of spatio-geometric reasoning 
and of the BSc in Chemistry 

As can be seen in table 5, a positive correlation was observed between the SGR average score and 
the BSc-Ch average score. This result suggests that SGR abilities contribute positively to the 
academic progression of the students, and to achieve higher BSc-Ch average scores. 

Table 5.  SGR average score depending on the BSc-Ch average score. 

BSc-Ch average score [5-6) [6-7) [7-8) [8-9) [9-10] 

SGR average score 4.1 ± 1.1 4.3 ± 1.1 5.2 ± 1.1 5.8 ± 1.2 5.9 ± 0.9 

Number of students 65 223 68 16 8 

4 CONCLUSIONS 
A short-time multiple-choice test has been designed in order to evaluate the spatio-geometric 
reasoning abilities of undergraduate Chemistry students, and it has been taken by students of different 
semesters of the BSc in Chemistry at the University of Barcelona. The time given to answer the test 
(11 minutes) and the level of difficulty seemed appropriate since 2% of the participating students were 
able to complete correctly the whole test in that time, and 11% of the participating students failed in all 
the exercises of the test. 

The most frequent spatio-geometric reasoning (SGR) score was in the [4-6) range, being the average 
score of all the students that participated in the test 4.2 ± 1.1. 

The low SGR average grade of the students that had just entered to the university seems to reflect the 
fact that spatio-geometric topics have been only partially treated in secondary education.  
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There is a positive correlation between the rate of academic progression and the improvement of the 
SGR abilities: the higher the rate of progression, the higher the improvement in the SGR abilities. 

The students with the planned rate of progression (60 credits/year) improve significantly their SGR 
abilities not only during the first year, but also during the second year of their Chemistry studies. In 
that group of students, the highest SGR abilities seem to be reached at the end of the second year of 
the BSc-Ch, which is in agreement with the fact that spatio-geometric topics are mainly developed 
during the second year of the BSc-Ch. Last years’ students seem to maintain the spatio-geometric 
abilities they have acquired in the previous years. On the other hand, it seems that the students with 
lower rate of progressions do not take enough advantage of the spatio-geometric topics worked from 
the 2nd year on to increase their SGR abilities.  

A positive correlation was also observed between the SGR average score and the BSc-Ch average 
score. This suggests that SGR abilities contribute positively to the academic progression of the 
students, and to have higher BSc-Ch average scores. 
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