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Abstract  
Science is a human activity with the ultimate goal of improving life quality. Nowadays, biochemistry is 
probably the fastest developing science, leading important changes in the field of cell biology, 
chemistry, biomedicine, biophysics and bioengineering. However, last decades data shows a 
decreasing interest in sciences studies among young people in Europe. To change this tendency, the 
Department of Biochemistry and Molecular Biomedicine at the University of Barcelona has developed 
since 2008 a program for Catalan secondary school students named Dive into biochemistry “Endinsa’t 
en la Bioquímica”. The main objective of this program is to motivate students towards science studies 
by showing and introducing them to biochemistry research and laboratory work as the main tool to 
develop knowledge. For this proposal, firstly, a presentation about biochemistry is performed, this 
session allows introduction to some of the biochemistry related fields to life sciences. In addition, the 
relationship between biochemistry and the most challenging diseases prevailing in our society such as 
cardiovascular disease, cancer, obesity and diabetes were described to students. After that, students 
were instructed about chemical safety and biological laboratory security. Then, they were divided in 
different groups for the development experiments in the university laboratories. Some examples of 
typical experimental practices are Deoxyribonucleic Acid (DNA) extraction, protein concentration 
measurement by spectrophotometric methods, samples pH determination by some acid-base 
indicators such as phenolphthalein and methyl red, protein precipitation and purification by different 
procedures, recombinant protein expression in Escherichia coli and bioinformatics. Undergraduate or 
pre-doctoral students instructed these essential practical lessons. Finally, to evaluate and improve this 
educational approach, secondary school teachers and their students filled a different and particular 
survey. More than 200 teacher’s answers were analysed, and more than 2000 students’ surveys were 
studied. Results and conclusions from these surveys are presented in this article. The most important 
teacher’s conclusion is the elimination of the gaps between secondary school and university.  
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1 INTRODUCTION  
The word Science comes from the Latin word Scientia referring to the ability of acquiring knowledge 
about nature through observation and a trial and error process. Nowadays, science is divided into 
nature sciences referring to biology, astronomy, chemistry and physics… social sciences meaning 
archaeology, economics, history, psychology… and formal sciences like logic, mathematics, 
information theory… 

Even when importance of science is worldwide known all over the ages not only through the ability to 
increase basic knowledge, but also through the capacity to find solutions to daily problems, the 
interest in science is decreasing in the last decades specially among young people as several studies 
have shown [1].  

To modify this propensity among young students, the Department of Biochemistry and Molecular 
Biomedicine [2] at the University of Barcelona [3] has developed since 2008 a program for Catalan 
secondary school students named Dive into biochemistry “Endinsa’t en la Bioquímica” [4]. This 
program is focused on high school students between fourteen and sixteen years corresponding with 
the last years of common education system allowing introduction to science before they would have to 
make their first education decisions. 
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Secondary school science teachers and students often face difficult judgments that demand 
understanding of various kinds of information and opinion on biochemistry field. At this point, university 
researchers and teachers can help them.  

To bridge the gap between secondary school students and biochemistry laboratory practices, 
important experiments were designed to make a big surprise to them stimulating students' interest in 
science knowledge. These practices do not have a difficult theoretical background and the key 
concepts have been previously explained by secondary school teachers.   

The main objectives of this course are: 

• Make a first contact with laboratory research outlining it’s important in daily life 
• Describe and follow Scientific method [5-6] 

• Increase self-confidence about science, especially in girls, as an important key factor to achieve 
equality [7] 

• Break the walls between university and high school [8] with concepts clarified in a high school 
manner and referring to their school subjects  

• Inspire young people towards science studies before they have to choose about their future.  

Secondary school students love experimentation, and this is the tool we use to achieve the aims we 
talked before. All these procedures have a biochemistry background as probably the fastest advancing 
science, leading important changes in the field of cell biology, chemistry, biomedicine, biophysics and 
bioengineering.  

At the end of each session, students and science school teachers were asked about the workshop 
"Dive into Biochemistry". Different questionnaires were completed by participants depending on the 
group which they belong: students or teachers. Surveys analysis show that most of the students had 
gained knowledge in biochemistry and molecular biology, in addition, they had also increased 
knowledge in general science. 

2 METHODOLOGY 
The Biochemistry and Molecular Biomedicine Department at the University of Barcelona together with 
the Spanish Society for Biochemistry and Molecular Biology (SEBBM), “Sociedad Española de 
Bioquímica y Biología Molecular” [9] have offered the "Dive into Biochemistry" workshop/course since 
2008 hosted at the University of Barcelona laboratories.  

First of all, a biochemistry presentation was developed usually by a senior researcher. After that, the 
students were divided into two big groups, in some cases from different schools were joined to obtain 
groups of approximately twenty scholars.  Then, the big groups were divided into small groups of three 
or four students to allow a more personal interaction with the experiments. Once the students were in 
the laboratories, they were instructed about chemical and biosecurity procedures. Students always 
had to wear laboratory coat, this rule was compulsory.  

These laboratory practices were carried out at the Biochemistry and Molecular Biomedicine 
Department laboratories.  From 9 am to 1 pm and from 3 pm to 7 pm on week days.  

Conclusively, a questions-based pool was filled out by students and teachers to evaluate the course 
performance and allow future improvements in this course.  

2.1 Presentation 
Presentation was generally developed by a senior researcher as you can see in Fig.1,  
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Figure 1. Presentation about biochemistry performed by a senior researcher. 

Presentation starts with an initial description about biochemistry and metabolism. How organism 
obtain energy through biomolecules and in what way the organism can generate its own biomolecules. 
Carbohydrates such as glucose, lipids like palmitic acid and proteins are explained. In addition, we try 
to summarize the latest advances in the field of cell biology and biomedicine in a secondary school 
manner with the main topics displayed at Table.1. Each topic explanation begins with its Historical 
background. 

Table 1. Main topics explained at the presentation   

Diabetes ·Pathology   
·Pharmacology, insulin 

Obesity  ·Pathology 
·Influence of leptin 

Cancer ·Pathology  
·Therapeutic advances. Biomarkers 

Finally, to introduce the practical sessions, the professor talks about DNA structure and its chemical 
properties, protein structure modifications, pH theory…, in a basic level, Furthermore, he/she have to 
answer all the questions presented by students. 

2.2 Biological and chemical laboratory security, introduction to laboratory.  
Dive into biochemistry students who had not previously received instructions about laboratory security 
during their student’s life. To prevent accidents, instructors gave a small introductory class (Fig.2) 
where the main rules to work at the laboratory [10-11] are:  

- Ensure that the material is clean and dry 
- Always use lab coat, gloves and glasses 
- Store personal items far away of laboratory work benches 
- Eating or drinking is not allowed inside the laboratory  
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Figure 2. Practical lesson instructor explaining chemical and biological laboratory security procedures. 

In addition and previously to experimental session, students were trained about how work with several 
laboratory basic instruments such as volumetric pipettes, Eppendorf tubes, Pasteur pipettes, and 
more. Usually, these material is not present in secondary school laboratories. 

2.3 Practical laboratory sessions 
Practical experiments were performed by working groups [12] of three or four students, following a 
script previously distributed to the working groups. Undergraduate or pre-doctoral students, from the 
Biochemistry and Molecular Biomedicine Department, initiated secondary school students to 
Biochemistry experiments as you can see in Fig.3. In addition, this activity allowed laboratory 
instructors to interact with teaching success and, in many cases, inspire them as future teachers.  

 
Figure 3. Practical lesson instructor explaining pipette mechanism. 

The most common practical laboratory practices developed in "Dive into Biochemistry..." are:  

• Deoxyribonucleic Acid (DNA) extraction from apple and other fruits.  
• Serum protein concentration measurement by spectrophotometric method via the Bradford 

staining method. 

• Daily house products pH determination (acid, 0-7 or alkali, 7-14) by acid-base indicators such 
as phenolphthalein and methyl red 
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• Explanation and visualization of recombinant GFP protein expression in Escherichia coli under 
UV light. You can see in Fig.4. a representative picture. 

 
Figure 4 GFP recombinant protein expression visualized under UV light. 

3 STADISTICAL DATA RECOLECTION AND FEEDBACK 
To evaluate, and improve the "Dive into biochemistry" workshop/course, a survey is performed by 
students and teachers.  

3.1 Students' survey study 
On the one hand, in the case of student’s survey, in addition to permit course improvements, we 
asked them about their main concerns on science, what are their educational interest and what do 
they knew about common urban myths related to science. For this propose three types of questions 
were asked and the most significant results can be show in Table 2.  

Table 2. Questions answered by students. 

Type of question Questions Results 
Course/workshop 
evaluation 

Had this course the ability to improve your 
comprehension about biochemistry? 
Were theoretical descriptions enough to 
understand the experiments?.   
What would you change to improve 
laboratory sessions? 

More than 95% of the students affirmed 
that their knowledge about biochemistry 
had improved 
Around 80% of the students though that 
explanations were enough to understand 
the experiments.  
The most common recommended 
modification was to simplify the vocabulary 
used by the instructors 

Educational interest Are you interested in university studies? 
What type of university degree would you 
like to perform? 

About 82% of the students told that they 
will perform university studies 
Over 42% of the students wanted to study 
biology-health sciences career. 

Knowledge about 
science 

Have you gone to a science museum in 
the last year? 
What did Severo Ochoa and Sir 
Alexander Fleming discover to achieve 
the Nobel prize? 

Less than 10% of the students had gone to 
a science museum last year. 
Only 20% and 50% of the students knew 
what discovered Dr. Ochoa and Dr. 
Fleming to win the Nobel prize.   
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3.2 Secondary school science teachers' survey study 
Table 3 Questions answered by teachers in their surveys. 

Type of question Questions Results 
Course evaluation What has been the most interesting 

thing about the course? 
What would you include in the course 
to be more useful in high school 
subjects 

Principally usage of tools not available at high 
schools. 
The most common answer was that instructors 
should contact high school teachers previously to 
course to inform them about the practical lessons 
and allow them to introduce it on their classes.  

Interest in science Do you think that your students had a 
previous knowledge about 
biochemistry? 

Teachers widely thought that students had a 
really small previous comprehension about 
biochemistry.  

On the other hand, teachers answered another survey where the main objective was to evaluate the 
course/workshop and find new tools to increase interest in science among students. The questions 
can be classified in two groups and the results are shown in Table 3. In addition, punctuation is given 
by teachers to practical sessions, this data is displayed in Table 4 together with students score.  

3.3 Students versus teachers survey study 
In order to quantify and obtain a global feedback of the course/workshop performance, 2230 students 
surveys and 240 teachers surveys were analyzed. Furthermore, one score in a scale of one to five, 
where one is the lowest (bad course) and five is the highest (excellent workshop), was obtained from 
each experimental session and survey. Final results were displayed in Table 4.  

Table 4. Statistical data about practical sessions. Score is rated in a scale of 1 to 5, where 1 is the lowest 
and 5 the highest. Students data is show at the top; teachers’ data is show at the bottom. 

 Presentation 
DNA 

precipitation 
pH measure 
and E. coli 

Protein 
concentration 

Global 
Feedback 

Students 4,11 ± 0,1 4,45 ± 0,06 4,55 ± 0,06 4,08 ± 0,09 4,3 ± 0,12 

Teachers 4,57 ± 0,22 4,46 ± 0,18 4,25 ± 0,15 4,82 ± 0,2 4,53 ± 0,14 

4 CONCLUSIONS 
Our data suggest really good performance of the "Dive into biochemistry" course/workshop without 
any score lower than 4 in a scale from one to five. Students use to prefer more practical sessions such 
as pH determination or DNA precipitation whereas teachers prefer more theoretical sessions like 
presentation or protein concentration measurement practical session which has a special theoretical 
background.  

How can we facilitate cooperation between science secondary school teachers and university 
teachers and researchers in practice? The solution might obvious be, each community should make a 
step toward the other.  

Secondary school students and their science teachers emphasized that this kind of interaction 
contributed to widen their views on Biochemistry, on science and Scientific Method. 

To sum up, we can conclude that: 

• Dive into biochemistry course helps to break the gaps between university and high schools. 

• Interest about science in the students is increased after this course 
• Students prefer classical practical experiments whereas teachers prefer practical experiments 

with a big theoretical background  

Finally, this innovative activity is a good tool to increasing students' interest in science.   
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