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Abstract  
The aim of the work is to design some computer activities based on common geological problems. 
During the last years, geology grade students as well as teacher feels dissatisfaction in “Introduction 
to Computation” subject. The students don’t understand the requirement of any programming 
language on their education profile and they do not perceive the programming language as an 
important skill for geology. To solve this situation, teachers from two different subjects “Introduction to 
Computation” and “Complements of Geology”, analyzed the problem and decided to propose new 
laboratory activities in the context of real geological situations. 

The proposed activity was developed in three stages. First, the real geological problem was explained 
by the “Complements of Geology” teacher. Second, the students are introduced by the “Introduction to 
Computation” teacher to the programming exercise that they will have to solve in order to create a 
computer tool. Third, and helped by both teachers, the students solve the geological problem using 
the computer program. 

The selected activity was the analysis of climate change based on a paleoclimatic proxy. The 
paleoclimate proxies are physical, chemical and biological materials preserved within geological 
records that can be analyzed and correlated with climate or environmental parameters in actual times. 
These data help us to understand how the Earth's climate system varied both before and after human 
alteration of the landscape. In this practice, we propose to the students the usage of ostracod 
crustaceans as a tool to study palaeoenvironmental changes.  

The proposed activity includes a palaeoenvironmental study developed at different water pools from 
Bardenas Reales zone (Navarre, Iberian Peninsula) based on ostracods assemblages’ analysis. The 
distribution of ostracods is related with physico-chemical parameters of waters (T, salinity, pH or 
dissolved oxygen) and the sediment characteristics (grain-size, sedimentation rate...). The statement 
of the problem provides the catalogue of the ostracods species assemblage recognized at the different 
pools located on different lithological substrates in a geologic map. The students analyze the diversity 
of ostracod assemblages in each pool and then the variability of species using the Fisher Index, which 
can be used to group the pools. At the same time, they recognize the relative abundance of a specific 
ostracod specie in each set and correlate the specific specie with a specific Fisher group. They must 
observe the map where the pools are located and notice the orientation, the scale and the leyend. 
They can realize that the pools are located on different lithologies, and as the lithology influences on 
water physical parameters (salinity, pH …), the students are induced to discern a possible relationship 
between the occurrence of specific ostracod species and the lithology and, between the water and the 
lithology. 

To obtain the Fisher index of a pool, the students must implement a computer algorithm based on 
iterative control flow structures. This exercise is a clear example of convergence problems where the 
student must discern between available iterative control flow structures and different convergence 
criteria. 

Once the activity was finished, some students were interviewed in order to obtain their opinion. Most 
of them showed to be satisfied with the new experience, although pointed that they had certain 
problems to understand some of the geological concepts. 

Keywords: ostracod distribution, Fisher index, programming. 

1 INTRODUCTION  
Nowadays, Geology grade’s students take an introductory subject to computing.  Since some years 
before, the teachers of the subject “Introduction to Computation” feel dissatisfaction with the course 
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classes. The subject is taught in the first quarter of the first semester of Geology degree. The students 
show a lack on basic geology knowledge and they have also no real experience with basic concepts 
about programming languages. First, the students do not understand the need to learn any 
programming language and they do not perceive the computation as an important skill for geology 
related science. Second, they do not identify any application of the programming skills to the subjects 
of their discipline. The bad assessment results obtained over the last courses reflect problems on the 
assimilation and understanding of the basic programming concepts, as well as a high percentage of 
unmotivated students.  

The motivation of the student and their learning process are related [1]. The first course that includes 
laboratory and field practices is critical for the development of their interest on the chosen career [2]. 
In order to promote intrinsic motivation, it is suitable to create learning activities that are based on 
topics relevant to the students' curiosity [3]. These learning activities include strategies such as using 
local examples, teaching with events in the news, using technology, etc. Students can have increased 
motivation when they perceive some sense of autonomy in the learning process, whereas that 
motivation declines when they have no voice in the organization of the learning process. In fact, the 
collaboration among students in the classroom promotes the interest in the subject matter and the 
construction of the knowledge with higher level of achievement [4]. 

The subject “Introduction to Computation” has been taught for six years, since 2010/2011. Table 1 
shows the averaged results of the satisfaction enquiries obtained for the subject “Introduction to 
Computation”. The enquiries results clearly show a lower prior interest when they start their studies in 
geology. From different questionnaires among the students, we can conclude that “Introduction to 
Computation” is not a subject of interest.  This little interest in the subject could explain the high 
abandonment of students, and the not attendance to the final exam. Table 1 shows the percentage of 
students who did not attend to the exam (so they were not assessed) and there are students who did 
attend during the last three school years.  Taken into account the students who were evaluated, the 
table describes the percentage of students who passed the subject and the percentage of students 
who did not. 

Table 1.  Percentage of students who did not attend to the exam (were not evaluated) 
 and students pass and fall percentage (among the attended student). 

School year Not Evaluated % 
Evaluated 

Pass % Fall % 
2015-2016 33 25 75 
2014-2015 33 25 75 
2013-2014 29 46 54 
2012-2013 42 50 50 

In this paper we propose an experience that includes the modification of some lab exercises [5]. New 
activity has been designed based on the previous teachers' lab experiences. Several specific and key 
traversals competences will be worked: basic knowledge on geology and technology, analysis of the 
problems, application of the knowledge and the programming techniques, understanding the 
formulation of the problem, using an actual programming language and working as a cooperative and 
creative team. With the proposed exercises we are giving to the students the opportunity to work with 
real geology-related problem that will be solved using programming tools. 

Our main objective is to increase the attention and interest of the students in the subject. A direct way 
to monitor such progress is to compare the amount of student’s abandon (do not attend to the final 
exam) and amount of pass the subject before and after the proposed changes are implemented.  

2 METHODOLOGY 
The proposed exercise is related with palaeoenvironment changing topic. An essential component in 
understanding climate change, and predicting its future progression and consequences, is determining 
the course and drivers of past changes in the Earth from geological records. Used methods include 
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the application of microfossil, both present and past, to ecological, biogeographic and evolutionary 
processes in oceanic and terrestrial environments.  

In this exercise the teachers describe the usage of some little species like ostracods as 
palaeoenvironment proxy. The main objective of this exercise is to bring to the students the 
significance of the study of different ecological systems in Las Bardenas Reales (Navarre, Spain) to 
investigate the variability of ostracoda population distribution at different aquatic settings of the region 
[6]. Ostracods are by far the most abundant living group of arthropods in the fossil record and are by 
far the most complex organisms studied within the field of micropalaeontology. An important 
distinguishing feature that ostracods share with other arthropods is the bilateral symmetry of their body 
shape (Fig.1). The paired body parts are enclosed in a dorsally hinged carapace composed of low 
magnesium calcite, which is commonly preserved in the fossil record (Fig. 1, left). Morphological 
observations and detailed morphometric records of valve size, shape and outline within a species may 
provide subtle clues to environmental changes between different habitats or environmental conditions. 
Today they are found in almost all aquatic environments (Fig.1, right) including hot springs, caves, 
within the water table, semi-terrestrial environments, in both fresh and marine waters, within the water 
column as well as on (and in) the substrate or hypersaline ones [7] as well as in stagnant or temporally 
water.  

  
Figure 1. Ostracod morphology photomicrographs.  Left photomicrograph: the ostracod Mandelstamia 

maculata from the Jurassic time. Right photograph: actual ostracod.  
(from http://www.marinespecies.org/ostracoda). 

The distribution of ostracods is related with physico-chemical parameters of waters (temperature, 
salinity, pH or dissolved oxygen) and sediment characteristics (grain-size, sedimentation rate...). So 
Ostracoda that lives in all aquatic environments exhibits a great significance as a model in various 
ecological and evolutionary studies because their rapid response to the changes of the ecological 
factors previously described. The study of ostracod ecology that is often reflected in the shape and 
structure of their carapaces make them useful as palaeoenvironmental indicators. The distribution of 
ostracods is used for palaeoenvironmental studies and reconstructions and for biostratigraphic 
zonations [6, 7].  

The teachers proposed an exercise based on a preliminary study of the distribution of fresh-water 
ostracods living in several ponds of Bardenas Reales (Navarre, northern Spain) and the environmental 
parameter influence on their distributions [6]. Besides teachers notice that this study also contributes 
to the knowledge of the biodiversity of this Natural Park and Word Biosphere Reserve.  The resolution 
of this exercise is based on a scientific article data establishing a relation between the number of 
species and the number of individuals of an animal population.  
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Figure 2. Distribution of the sampled pools on the geologic map from Bardenas Reales. 

Before to the beginning of the exercise, the Computer Programming teacher explain the Fisher 
diversity index [8], its application and its resolution with computer. Fisher's logarithmic series model 
represented the first attempt to describe mathematically the relationship between the number of 
species and the number of individuals in those species. Although originally used as an appropriate fit 
to empirical data, its wide application, especially in entomological research. The small number of 
abundant species and the large proportion of 'rare' species (the class containing one individual is 
always the largest) predicted by the log series model suggest that, like the geometric series, it will be 
most applicable in situations where one or a few factors dominate the ecology of a community. The 
proposed Diversity Index αl (Fisher-index) represents the species diversity along the all important local 
(e.g. habits) subunits (or scales) that is used for ecology studies as well as foraminifera one. This work 
get wider the usage of this index and is applied to ostracod data. The index takes in account the 
number of species among a certain number of specimens: α = n1:x where x is a constant having 
values <1, n1 =N(1-x), N being the number of individuals.  From the programming point of view, the 
resolution of this problem can be implemented using the WHILE or FOR statements and serves as an 
example of the use of iterative flow-control structures. 

The next class, the teacher of “Complements of Geology” talk about the ostracods and the importance 
of ostracods in fossil record and actual environments through a ten minute PowerPoint speech. The 
proposed problem is: “The Bardenas Reales Biosphere Natural Park has hired you as a paleontologist 
to carry out a research project to study the living ostracods in permanent and semi-permanent water 
pools. The ostracods are microorganisms very sensitive to the variations of the environment where 
they live. Physical-chemical conditions such as temperature, water salinity, substrate nature, pool 
depth or water turbidity are factors that influence its abundance and distribution. These 
microorganisms are used as useful indicators to reconstruct environmental conditions in the past. You 
have collected water samples on thirteen pools and you have identified several species in different 
abundance. The results of your study are given in the table. The geographic location and geological 
nature of the substrate is shown in the attached figure”. 
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Table 2.  Identified ostracod species and the quantity of individuals in the different pools (BB-1 to BB-11) 
from Bardenas Reales (Navarre, Spain). 

especies/muestra 
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Candona candida (Müller, 1968)  1 1      1    

Candona neglecta (Sars, 1887)             
Cyclocypris ovum (Jurine, 1820) 6 1           
Cypridopsis vidua (Müller, 1776)    11 83 18 53 96 20    
Cypris bispinosa (Lucas, 1849)  1 2          
Darwinula stevensoni (Brady y Robertson, (1870) 3  1          
Eucypris pigra (Fischer, 1851)     2 2     3  

Eucypris virens (Jurine, 1820) 8 2 2 4   2 2     
Fabaeformiscandona breuili (Paris, 1920)         4    
Fabaeformiscandona spelaea (Klie, 1941)             
Herpetocypris brevicaudata (Kaufmann, 1900)     7        
Heterocypris incongruens (Ramdohr, 1808)             
Ilyocypris bradyi (Sars, 1890) 52 24 21 86 1 58 10 9 42 22 2 3 

Ilyocypris gibba (Ramdohr, 1808) 11 3  6  4 1  7    
Limnocythere inopinata (Baird, 1843) 2 7 6 10  25 46      
Potamocypris pallida (Alm, 1914) 7  1     3 31 2 15 14 
Potamocypris villosa (Jurine, 1820) 1 1      1     
Pseudocandona parallela (Müller, 1900)   2  11        
Sarscypridopsis aculeata (Costa, 1847) 9 1 8 5 1 1 2 5  82 87 88 

The first step the students have to do is to calculate the Diversity Index with the species discovered in 
the different pools. Different environments have different range of alfa-diversity values. So it is 
possible to discriminate normal marine environments from abnormal environments such as hyposaline 
and hypersaline marshes, lagoons and hyposaline shelf seas. This approach allows the 
palaeoecological interpretations of different samples of ostracods grouped by different Fisher index. 

After calculating the Diversity Index, the students continue with the development of the exercise and 
they have to get values that can be grouped.  They define three groups:  one group with diversity 
index <1, another with diversity index between 1-2 and the last one assembly indexes >2 values. To 
interpret these values and to draw environmental conclusions, some questions are proposed to the 
student to think about them:  

1 Observe the value of the Fisher index. Is it possible to perform groups based on the value of the 
Fisher index? Group different pools in relation to species variability (Fisher's alpha index)  

2 Observe the relative abundance of a specific ostracod specie. For example, s. Aculeata lives in 
high salinity waters. Can the groups defined by the Fisher index be related with the occurrence 
of a specific ostracod?  

3 Observe the geological nature of the substrate (different types of rocks) on the geologic map. 
The composition of the geological substrate can cause the water salinity diversity or the pH 
value of the pools; so, the ostracods from each pool may vary. Do you think there may be any 
relationship between the abundance and variety of species with the geological substrate or 
different types of rocks? 

3 RESULTS 
The students resolve quite well the exercise and feel satisfaction with the development of this exercise 
although they specified that they do not know much of the content of the exercise. For example, they 
were strange with the names of the ostracod species. Besides, they observe for first time a real 
geological map, though another new proposed exercise performed previously describe a geological 
map significance and design. 
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Every year a satisfaction survey with twenty-five different questions were completed by the students. It 
measures the students' satisfaction in terms of quantitative values, ranging from 1 (lowest or worst) to 
5 (highest or best). We believe that this survey is a quite good quality indicator but the overall results 
about the implement of this new project will get the next year. 

In order to complement the traditional satisfaction enquiry, we are drawing another questionnaire that 
will include new questions focussed on the subject and some open questions. These questions allow 
the students to express directly their opinion about the new changes introduced in the programming 
subject. Nowadays we would like to go one step ahead and investigate which programming concepts 
are the most attractive for geology students. To get this aim, personal interviews are programmed with 
around ten students. The interviewed include both first-time students, students that leaved the subject 
on the previous course or did not pass the exam (they repeat the subject twice or three times). 

Four quality indicators will be used to measure the differences between the traditional exercises and 
the new exercise proposed in this paper: 

− The student percentage that attend to the final exam and pass it. 
− The traditional satisfaction survey. 
− A specific questionnaire, including open questions. 
− Personal interviews with students 

Table 3.  Percentage of students who did not attend to the exam (were not evaluated) and percentage of 
approved and suspended students (among those presented). 

School year Not Evaluated % 
Evaluated 

Pass % Fall % 
2016-2017 32 58 42 

2015-2016 33 25 75 

2014-2015 33 25 75 

2013-2014 29 46 54 

2012-2013 42 50 50 

The first conclusions after correcting the exam are that more people pass the exam, so partially the 
aim of the proyect is achieved.  

Besides, we need the satisfactory inquiry to know the student opinion, but this is not possible; so 
another questionnaire that include questions more focused on the subject and open questions are 
performed. This questionnaire allows students to express directly what they think about the new 
changes introduced in the programming subject.   

The questions focused on the subject that we have included are: 

1 Has the subject been focused on the use of programming techniques to solve real situations in 
the field of Geology? 

2 Does the programming of the subject takes into account the development of competences 
proper to your future profession? 

3 Are the given instructions to program clear during the laboratory practices? 

Table 4.  Average values for the questions focused on the subject.  
The values are given in the range 1 (low) to 5 (high). 

Subject Description Average result 

Introduction to Computation 
 (Spanish language student group) 

Question 1 4,2 
Question 2 3,5 
Question 3 3,3 

Introduction to Computation  
(Bask language students group) 

Question 1 3,5 
Question 2 3,4 
Question 3 3,9 

3390



Regarding the open-ended questions, the objective of these questions was to know the students´ 
suggestions and opinion. The main conclusions that we have get are two: 1) They do not have enough 
training on concepts of geology; 2) They prefer geology- based exercises than other more general 
exercises. They ask for exercises related to daily problems and common problems related with the 
subject of “General Geology”. Also they don´t understand the relation of this problem with geology and 
they think it was a difficult exercise to resolve. 3) They say too that they have to dedicate more time to 
the subject, and also that they ask for corrected exercises. In general, they agree with the exercises 
and like them for all students, the new and old ones. 

With reference to personal interviews, the first –time students of the subject in Spanish and Basque 
languages are seven persons. When we invited to the interview to a student who did not approve the 
matter in the two previous courses, he did no attend to the invitation; we must notice that the student 
has passed the subject this school year. After the interviews we conclude that they are agree with this 
new type of exercises and they asked us to convert all the lab exercises into problems based on 
geological problems, even more they proposed us to do the same transformation with the exercises 
showed in the seminary classes. The students understand better the algorithmic structures when the 
exercises solved are based on geological problems. 

4 CONCLUSIONS 
This paper show a new exercise designed to increase the attention and interest of the Geology 
grade’s students in the subject titled “Introduction to computation”. We believe that addressing some 
real activities, related to their future employment as geologist, could change the perception that 
students have of the usefulness of programming skills. 

The experience was positive. The percentage of students that pass the exam is greater. New 
exercises are more attractive for students and they agree with these real geological approaches. But 
the teachers notice some disappointments with the exercise design as well with the student implication 
with the exercise. The exercise need improvements in design the strategy of resolving the research 
problem.  

The teachers advertise for this first course group of students that need showing the way on the 
development of the exercise. They were suitable supervised by teacher but the students do not evolve 
naturally or do not instigate properly to manage their learning autonomously. 

It is true that the student opinion about knowledge of geology is low but we think that this problem do 
not require technical geological support, only some understanding or comprehension of what they are 
doing and why.  

The experience was good and they will be redesigned for future courses. 
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