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Abstract 
In the last two decades, it has been observed an increasing low enrolment of students in chemistry 
teaching courses in secondary schools. On the one hand, because of the negative connotation of 
chemistry, associated with the potentially toxic and pollutant chemical industry, and on the other hand, 
that the teaching of this subject is exclusively carried out only in a theoretical classroom environment 
with almost non-existent practical/experimental component, despite chemistry is an experimental 
science in its essence. This state of affairs has been reflected in chemistry degrees offered by 
Portuguese universities throughout the country, which in the application process for each academic 
year, ended up by never completely fulfilling the number of offered nunerus clausus. 

Considering that the pedagogical mission of the Faculty of Science and Technology of Universidade 
NOVA de Lisboa (FCT-NOVA), in particular its Department of Chemistry (DQ), aims to contribute to 
the human, scientific and technical development of students, a project has been settled in the last nine 
years in order to offer to high school students a unique opportunity to arouse in them the interest in 
Science in general and Chemistry in particular, to stimulate impart on them the joy of curiosity, while at 
the same time conferring the necessary skills for their future activity as students of higher education or 
in the labour market. It is also through the close contact with students that method, discipline, and 
intellectual honesty are transmitted and cultivated. The aim of this Project was thus to promote the 
study and taste interest for Chemistry, through experimental activities, fitting the Portuguese High 
School Education curricula, offered to students enrolled in Chemistry subjects attending the 10th, 11th 
and 12th grades (the latter, compulsory high school degree to apply to University 

Throughout 2016/17 academic year, DQ-FCT-NOVA will receive, from October to May, 1888 students 
visits from eleven High Schools distributed among Physical Chemistry for 10th /11th grade and of the 
12th grade attending the Chemistry subject. The former are offer one single laboratory activity while the 
latter participate up to 10 different experimental activities. During 70 practical sessions of 2.5 hours 
each, with an average attendance of 27 students, the number of higher education school staff involved 
are 22. Each high school class is accompanied by 1 teacher, who’s also proactively contributing to the 
design of the practical session. The session is carried out in groups of 2/3 students, and the 
laboratories have a capacity of 24/48 according onto classes sizes. A quality questionnaire is filled by 
the students in order to monitor the action. In 2015/16, 63 % of the students answered the 
questionnaire in which more than 90% students were very satisfied with the action. 

This project has already been implemented for 9 years reflecting a growing collaboration between 
FCT-NOVA and in High Schools in the vicinity (Setúbal District). Above all, this Project allowed most 
of these schools to continue to motivate students to enrol in 12th grade Chemistry subject. Actually, in 
the first year of the initiative, many of these schools did not have enough students to open chemistry 
classes for the 12th grade. After the first initiative, almost all high schools have been able to maintain 
open 12th grade chemistry classes. On the other hand, FCT-NOVA, namely, the Applied Chemistry 
course, has been able to fill 100% of the numerus clausus available in the first phase of the application 
period, which is not the case for other higher education schools courses in Portugal for the same 
domain - Chemistry. 
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1 INTRODUCTION  
The Faculty of Science and Technology (FCT), one of nine faculties of Universidade NOVA de Lisboa, 
is located in Monte de Caparica, on a University campus with an area of 30 ha, with capacity of 
expansion up to 60 ha.. Created in 1977, FCT-NOVA is now one of the most prestigious public 
Portuguese institutions for higher education (HEI) in Engineering and Sciences education, being 
attended by over 8000 students, of whom about 1400 are post-graduate students (MSc and PhD). 
FCT-NOVA maintains close links with several Portuguese and foreign universities, in the context of 
teaching and also collaborating in services to the society and private entities in the domain of its 
specialties. FCT-NOVA integrates 16 research centers, 8 support services, 535 teachers and 
researchers – 212 Female, 323 Male - and 193 other staff - 151 F/42 M. 

School and community interaction activities, designated as scholar extension, have recently become 
of crucial importance as they allow to be proactively open-up to the society, promoting, on the one 
hand, the appreciation of science for potential future students and, on the other hand, helping 
business community in solving specific problems that increase their competitiveness in the global 
market. The pedagogical mission of FCT-NOVA, namely its Chemistry Department (DQ), intends to 
contribute to the development of human, scientific and technical education. This project was co-
financed in 2015/16 by the Foundation for Science and Technology although it began several years 
ago, financially covered by DQ and REQUIMTE (Laboratório Associado for Green Chemistry - LAQV 
and Research Unit on Applied Molecular Biosciences - UCIBIO). This project aim to promote the study 
and taste for Chemistry through the practical work of the secondary education programs of 10th and 
11th grades (schooling years) for students in the discipline of Physical Chemistry and the 12th grade of 
Chemistry and simultaneously mitigate the decreasing number of students choosing Chemistry as a 
college course. 

In the last 7 years, it has been observed in all the Portuguese HEI namely for courses of pure 
Chemistry, an ever smaller decreasing adhesion of the students. For this reason the numerus clausus 
are not fulfilled, even in HEI of large cities like Lisbon and Oporto. Moreover, in secondary schools, 
students also do not select chemistry as a 12th grade optional discipline class, prior to admission to the 
university, which somehow constrains their later choice in the unfilled vacancies of HEI offering the 
chemistry grade. The secondary schools were consequently also obliged to discontinue the Chemistry 
discipline for the following year and consequently strengthening the visibility of this domain of Science 
in secondary schools which ultimately promoted the disappearance of Chemistry in HEIs. This is a 
problem, not only in Portugal but also all over the rest of Europe. The negative connotation of the 
Chemical Industry is a probable cause for this situation, although the Chemistry of the twenty-first 
century is very different from that of the twentieth century. It is becoming green, environmentally 
friendly and sustainable. Moreover, chemistry is the basis of many other sciences, such as biology, 
environmental sciences, ecology, agriculture, pharmaceutical sciences and materials, among many 
others. Without the upstream promotion of chemistry and chemists, all other downstream Sciences will 
perish.  

This project incipiently began 9 years ago. However, it has been in the last 7 years that the enrollment 
of secondary schools has been increasing and the results for secondary schools and FCT-NOVA have 
been evident: The secondary schools could continue to offering classes for the subject of Chemistry in 
the 12th grade and DQ-FCT-NOVA, in the first phase of application to the University, completely filled 
the offered vacancies, unlike other Portuguese Universities where the problem of low applications 
persist. 

For the academic year 2016/17, this project enrolled eleven secondary schools in the District of 
Setúbal. To the 10th, 11th grade students one laboratory activity is offered and for 12th grade students 
10 laboratory activities are offered, visiting FCT-NOVA up to 10 times. The total number of students 
involved in activities was 963. The student visits to the university throughout this program were 1888. 
The practical session is carried out in groups of 2/3 members, and the laboratories have a capacity of 
24 to 48 according to the necessities and classes sizes. Each high school was accompanied by 1 
teacher who’s also proactively contribute to the practical session. 70 laboratory sessions of 2.5 hours 
each were performed. A quality questionnaire is filled by the students in order to monitor the action. In 
this work, the qualitative and quantitative evaluation is presented. The student´s satisfaction degree 
achieved was very high.This project is only possible because 22 academic staff and researchers of 
FCT-NOVA (Chemistry and Conservation and Restauration Departments) are involved.  
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2 METHODOLOGY 
This project was carried out in conjunction with 11 secondary schools in the geographical area of FCT-
NOVA (south bank of Tagus river), Figure 1.  

 
Figure 1. Geographical distribution of the secondary schools (yellow circles) in relation to FCT-NOVA  

(red star). 

Table 1.  Shows the Secondary Schools integrating this project in 2016/17: number of students and classes 
and respective grade. Overall data are also described.  

 
Table 1. School codes are: António Gedeão-ESAG; Seixal-ESSei; Emídio Navarro-EN;  
Romeu Correia-RC; Colégio Campo de Flores-CF;  Frei Luis de Sousa-FLS;  
Corroios-ESCor; Fernão Mendes Pinto-FMP; Cacilhas Tejo-CT;  
Monte da Caparica-ESMc; Ruy Luis Gomes-RLG. 

The laboratory practical sessions of the programs of 10th and 11th grade (Physics and Chemistry) and 
12th grade of Chemistry carried out were as follow: 2 sessions of choice for the 10th grade (“Tyndall's 
effect” or “Photochemical reaction”), 1 session for the 11th grade (“Synthesis of aspirin and Thin Layer 
Chromatography”) and 10 practical sessions for 12th grade (“Safety in Laboratory”; “Redox reaction-
Vanadium”; “Determination of total calcium and magnesium concentration in milk by complexometry”; 
“Redox equilibrium: the Nernst equation”; “Kinetic study of catalase isolated from potato”; “Preparation 
of a biosoap or biodiesel”, “Synthesis of polymers”; “Simple and fractional distillation of 3 
components”; “Work in glass” and, “Molecular Gastronomy”). For example, a secondary school with 1 

Schools Grade Classes Number	  of	  Students Number	  of	  Activities Total	  students	  in	  the	  activities

CF 12 1 8 6 48

11 2 40 1 40

10 2 42 1 42

RC 12 1 15 10 150

11 2 50 1 50

10 2 60 1 60

ESAG 12 1 20 7 140

11 2 50 1 50

10 2 60 1 60

FLS 12 1 16 8 128

11 1 25 1 25

10 1 26 1 26

FMP 12 2 34 9 306

11 1 26 1 26

10 1 26 1 26

EN 12 1 26 4 104

ESCor 12 1 21 9 189

10 3 89 1 89

ESSei 11 1 30 1 30

10 2 50 1 50

CT 11 3 90 1 90

10 3 84 1 84

RLG 11 1 25 1 25

ESMc 10 2 50 1 50

Total 39 963 70 1888

12th	  Grade 8 140 53 Average:	  27	  Students/activity

11th	  Grade 13 336 8

10th	  Grade 18 487 9
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class of 10th and 11th grade of Physics-Chemistry visits the FCT-NOVA to attend 1 practical work for 
each of these grades, and the 12th grade up to 10 practical assignments, traveling to FCT-NOVA up to 
10 times during one academic year. All the laboratory protocols are included in the curricula of the 
respective grades. An average number of 27 students per activity was achieved for a total of 70 
sessions. 

A questionnaire was prepared and filled out (optionally) by the students. The questionnaire template is 
described below and the evaluation was carried out separately for 10th and 11th grade and 12th grade.  

Laboratory activities – evaluation template for 10th and 11th grades activity 

Student Name (optional): ___________________________________________________________  

School and Class: _________  

Laboratory activity name: ___________________________________________________________ 

1. The time spent in the activity was suitable. 

No   £  Moderately   £  Mostly   £  Fully   £  

2. The session contributed to your scientific and personal training. 

No   £  Moderately   £  Mostly   £  Fully   £ 

Why? 
_________________________________________________________________________________
_______________________________________________________________________________ 

3. The session was interesting. 

No   £  Moderately   £  Mostly   £  Fully   £ 

4. Please indicate suggestions to improve the negative aspects of this session. 

_________________________________________________________________________________
_________________________________________________________________________________
_______________________________________________________________________________ 

5. The support given by your school in the preparation of the activity carried out was appropriate. 

No   £  Moderately   £  Mostly   £  Fully   £ 

6. The support given by the FCT-NOVA during the activity was appropriate. 

No   £  Moderately   £  Mostly   £  Fully   £ 

 

Laboratory activities – evaluation template for 12th grade activities  

Student Name (optional): __________________________________________________________  

School and Class:_________  

Laboratory activities name or number_________________________________________________ 

 ______________________________________________________________________________ 

1. The laboratory activities carried out are in accordance with the Chemistry program. 

No   £  Moderately   £  Mostly   £  Fully   £ 

2. The activities carried out contributed to your scientific and personal training. 

No   £  Moderately   £  Mostly   £  Fully   £ 

3. The number of activities carried out at FCT-NOVA was adequate.  

No   £  Moderately   £  Mostly   £  Fully   £ 

4. From the activities performed please indicate the one that was the most interesting for you and why. 
_________________________________________________________________________________
_______________________________________________________________________________ 
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5. Please indicate the positive aspects of this action with FCT-NOVA. 

_________________________________________________________________________________
_______________________________________________________________________________ 

6. Please indicate the negative aspects of this action with FCT-NOVA.. 

_________________________________________________________________________________
_______________________________________________________________________________ 

7. Please indicate suggestions to improve the negative aspects of this action with FCT-NOVA 

_________________________________________________________________________________
_______________________________________________________________________________ 

3 RESULTS 

3.1 This project in numbers 
The detail descriptions of each practical laboratory session (protocols) are accessible in the following 
link: http://www.dq.fct.unl.pt/documentos-publicos/quimica-uma-ciencia-experimental, where necessary 
material and resources are included [1]. Each laboratory session is executed in groups of 2 or 3 
students. FCT-NOVA fully equipped laboratories have a capacity for 24 to 48 students. According to 
the dimension of each class, a suitable laboratory is used. The practical work involving manipulating 
glass and molecular gastronomy, given their own specificities, do not have a protocol attached.  Each 
of the FCT-NOVA teacher is responsible for practical work, and there may be more than 1 teacher 
involved in a certain practical work, such as those of the 10th and 11th grades considering the high 
number of practical sessions (18 and 13 sessions respectively).  

3.1.1 Laboratory activities 

In 2016/17 academic year 70 practical classes with an averagely of 2.5 hours each were carried out. 
The number of students that attended this action was 963 divided as follow: 487 from the 10th grade, 
336 from the 11th grade and 140 from the 12th grade. The average number of students per activity was 
27. The number of FCT-NOVA staff involved was 22. In this Project, each visiting class was 
accompanied by one or two teachers who also actively collaborated in the practical session. 
Comparing to the last 4 years, Figure 2, one can observe an increasing interest by the secondary 
schools in this project since the number of students involved is also increasing. 

 
Figure 2. Evolution of the number of students during 5 academic years. 

In Figure 2 one can also observe that in the last 2 academic years (15/16 and 16/17) the total number 
of students tend to stabilize around 1900 visits, which takes in consideration that the 12th grade  
students visit the FCT-NOVA several times. The stabilization is due to the fact that FCT-NOVA has 
reached the maximum capacity to manage this activity once a week in all available teaching 
laboratories. Therefore, new strategies to reach a larger number of students will have to be developed. 
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3.1.2 Evaluation of the project by students 

At the end of each academic year, an evaluation process of this action is performed. Since the present 
academic year still on course, the following results reflect the results of the 2015/16 academic year 
since the evaluation of 2016/17 still ongoing. From a total of 694 students, 437 (63%) answered the 
questionnaires. For the 10th and 11th grades activities, more than 85% were mostly or fully satisfied 
with the activity. In the key words characterizing the activities (questions 2 and 4 of the evaluation 
template presented in Methodology), the students indicated - question 2 - that the activity in FCT-
NOVA allow to (a) know an higher education institution and its rhythm (b) to define their choices for 
the future and (c) work in a Laboratory; question 4 – they suggested more interaction with the 
professor from NOVA; professor from NOVA should also explain in a more slowly, detailed and 
individual way according to their own difficulties. 

For the 12th grade activities, more than 90% were mostly or fully satisfied with the activities. In the key 
words characterizing the activities (questions 4, 5, 6 and 7 of the evaluation template presented in 
Methodology), the students indicated - question 4 - redox reaction-Vanadium; determination of total 
calcium and magnesium concentration in milk by complexometry; preparation of a biosoap and 
molecular gastronomy as the preferred activities; in question 5 – (a) the contact with the teachers and 
University environment helping the students to decide which course to choose the following year; (b) 
laboratory conditions at NOVA compared to their own schools, were pointed out as positive remarks. 
For question 6 and 7, the students indicated that the duration of the activities was too long and should 
be reduced. Has stated above, the questionnaires for 2016/17 are being filled. Only at the end of the 
present academic year one will have the final results. 

3.2 Relation between this project and student´s application. FCT-NOVA 
performance versus other Portuguese Universities 

In Portugal, 8 HEI offer Chemistry, Industrial Chemistry, Technological Chemistry or Applied 
Chemistry as 1st study cycle. Figure 3 presents the geographical location of each institution and 
graduation, where FCT-NOVA is denoted by blue colour. 

 
Figure 3. Chemistry Bologna 1st study cycles offered in Portugal by HEI. UM: Universidade do Minho; 

FCUP: Faculdade de Ciências/Universidade do Porto; UA: Universidade de Aveiro; FCT-UC: Faculdade de 
Ciências e Tecnologia/Universidade de Coimbra; UBI: Universidade da Beira Interior; FCUL: Faculdade de 

Ciências/Universidade de Lisboa; UE: Universidade de Évora; FCT-NOVA: Faculdade de Ciências e 
Tecnologia/Universidade Nova de Lisboa.  

The numerus clausus evolution during the last 5 years is presented in Figure 4. It can be observed 
that some HEI completely gave-up to offer vacancies in Chemistry (UA) and other choose to split the 
former course in Chemistry/Technological Chemistry in 2 separated courses (FCUL), in order to 
potentiate student applications thus avoiding the growing disinterest in the chemistry area. In general, 
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most of the HEIs have chosen to reduce the available vacancies in the last 5 years in order to fill all 
the offered ones virtually mitigating their incapacity to seduce students for chemistry courses. 

 
Figure 4. Numerus clausus per 1st study cycles offered per HEI.  

The number for each HEI in 2016/17 is presented [2]. 

Considering the FCT-NOVA effort to promote the teaching of chemistry through the project described 
in this work, FCT-NOVA was the only HEI that completely filled the available vacancies (in the 1st 
phase of applications) in the last 2 years (it should be noted that FCUL splitted the graduation in 
chemistry in 2 courses where one was completely filled but not the other, as shown in Figure 5.  

 
Figure 5. Percentage of the filling vacancies between 2011 and 2016. The number in 2016/17 

 is presented [2]. FCT-NOVA is presented in blue. 

Moreover, the number of candidates for FCT-NOVA Applied Chemistry course denote a high value 
comparing to the other HEIs, despite geographically located in the south bank of Tagus River and not 
at Lisbon city center as FCUL, Figure 6. It is important to note that the presented numbers are all 
students who select each HEI in the six possible options available to them in the application form - 
from the first to the sixth option in order of preference. Then they are serialized exclusively based on 
their marks. Hence these numbers do not represent effective filling, reflecting only the interest that the 
courses arouse in the candidates. 
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Figure 6. Number of candidates for each course from 2011 and 2016.  

The number in 2016/17 is presented [2]. FCT-NOVA is presented in blue. 

Finally it is also worthwhile to mention that in 2016/17, the student with the lowest mark who entered 
the 1st cycle program was, for FCT-NOVA, the highest mark (135.6 over 200) compared with the 
others HEIs, Figure 7.  

 
 Figure 7. Student marks evolution from 2011-2016 of the last student accepted in the program. The marks 

in 2016/17 are presented for each HEI [2]. FCT-NOVA is presented in blue. 

Suitable marks to apply to university are between 95 and 200, where the latter is the highest possible 
mark. It denotes an evolution in FCT-NOVA, almost reaching the best mark from UA in 2014/15 
(138.6). Nevertheless, UA closed its Chemistry program in 2015/16, since the fill capacity of this HEI 
(around 70% in 2014/15, continuously decreasing since 2011/12) was considered as unsatisfactory by 
the directive board. 

4 CONCLUSIONS 
This project already has 9 years of implementation, with an increasing FCT-NOVA enrolment with 
secondary schools and FCT-NOVA academic staff in the last 5 years. Above all, it allowed, in most of 
these schools, to continue to offer chemistry classes for the 12th grade. In fact, in the first year of the 
initiative (9 years ago with 6 secondary schools) many of these schools had no students enough to 
open Chemistry classes of 12th grade in Chemistry. In the year following the first initiative, almost all 
secondary schools have been able to keep open 12th grade of this optional discipline and more 
schools joined the project (nowadays 11). In the last two academic years 2014/15 and 2015/16, 
despite that even though Chemistry program curricula are currently being adversely affected by 
reduced hourly component of Chemistry, this fact had a lower impact in these schools than initially 
estimated by the respective Board of Directors.  
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Finally, taking in consideration that the capacity of FCT-NOVA has reached the maximum capacity to 
manage this activity with secondary schools, new strategies to continuously reach a larger number of 
students are being considered and developed. The strategy will have, in a main role and as a 
multiplier and synergistic effect, the teachers of the secondary schools suitably prepared by FCT-
NOVA through focused laboratory practical courses. 
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