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RESUMEN

Este articulo describe y comenta varios métodos que hemos disefiado y utilizado con éxito para potenciar
el aprendizaje activo con nuestros estudiantes de Farmacia y Veterinaria, en la ensefianza de la
Toxicologia mediante estrategias cooperativas y de autoaprendizaje. ElI primero de los métodos que
describimos es un trabajo en grupo en el que los estudiantes realizan un periédico toxicolégico semanal o
quincenal. Los otros dos métodos se realizan por los estudiantes, de forma individual. En uno, los
estudiantes han de preparar un informe breve pero critico, sobre un farmaco retirado del mercado debido a
su toxicidad o sus reacciones adversas; en el otro, se le pidi6 a cada estudiante que trajese al laboratorio
cinco sustancias toxicas junto a una ficha toxicoldgica para cada uno y sobre los que debia realizar un
breve presentacién a sus compafieros. Cada una de estas actividades se recompensaba con puntos
adicionales para la nota final de la asignatura. Asimismo, se discuten las principales ventajas y

desventajas de cada uno de los métodos.

PALABRAS CLAVE: Autoaprendizaje, aprendizaje activo, peer teaching, toxicologia, trabajos

practicos.

ABSTRACT

In this paper we describe and comment on several methods that we have devised and implemented
successfully to potentiate active learning with both our Pharmacy and Veterinary Toxicology students, by
means of cooperative and self-learning strategies. One of the methods we describe is a group exercise in
which the students make up a weekly/fortnightly toxicology newspaper. The other two methods are more
individualistic in nature. In one the students had to prepare a short, critical report on a drug withdrawn
from the market because of toxicity or adverse reactions whereas in the other, each student was asked to
bring to the laboratory five toxic items together with a written report on the toxicity of each and to give a
short presentation on all or some of those items to their colleagues. Each of these activities was rewarded

with extra points towards the final mark in the subject. Here we also discuss the main advantages and
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disadvantages of each of the strategies presented.

KEYWORDS: active learning, self-learning, peer teaching, toxicology, practical work.

INTRODUCTION

Many theories have been proposed to explain how we learn, but it was probably Carl R. Rogers
who clearly proposed that experiential learning was important in acquiring applied knowledge.
This is in contraposition to cognitive learning, which would refer to a more academic learning,
such as vocabulary, arithmetic, etc. (Rogers, 1969). It was however, some years earlier that this
author began reflecting about student-centered teaching, stating for example that “we cannot
teach another person directly; we can only facilitate his learning” (Rogers, 1951). Knowles
formulated in 1973 andragogy theory which maintains, that in adults learning focuses more on
the process and less on the content that is being taught, and as a consequence, experiential
learning has a central value to this learning model (Knowles, 1984; 1990). These two theories
and others such as those of Jung and Piaget undoubtedly influenced David Kolb when he
described his learning styles model (a four stage learning cycle: concrete experience, reflective
observation, active experimentation and abstract conceptualization) and his experiential learning
theory (Kolb, 1984). The role of experimentation in learning has received considerable attention
since then, to the point that it is generally agreed that, at least in adults, the most effective type
of learning is that based on experimentation or as it is sometimes described, learning by doing
(Percival et al, 1993). Furthermore, it has been argued that professional education and training
should enhance learning by doing and should also potentiate the ability for continued learning

and problem solving throughout one’s professional career (Schon, 1987).

Toxicology is a complex interdisciplinary subject, which is based on an intricate relation with
other disciplines and which is constantly being updated, not only because of the general
advancement of science, but also due to the discovery of new hazardous substances. Thus,
Toxicology teaching can be sometimes a very hard task, partly because of its inherent difficulty
and partly due to the complex interrelation that it maintains with so many other disciplines.
Thus to attain an adequate learning of Toxicology it is required that the student gains knowledge
of the relevant toxicological facts but also, and perhaps more importantly, that the student
accomplishes a deep understanding of the biological/chemical events that xenobiotics can cause
in living organisms. In recent years (at least in Science courses), a shift has been taking place to

move the role of the student from being the receptor of a series of scientific facts to a student
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who learns to think critically and who acquires knowledge by gaining a deep understanding of
the various scientific disciplines. Consequently, teaching is taking a new direction, with many
lectures moving form the more traditional passive learning with the teacher lecturing and the
student being the receptor of the information, to a more dynamic learning process (active
learning) in which the student is not just the mere recipient of the information provided by
his/her lecturer, but instead the students play more important active roles, since they are

involved, and sometimes in charge, of their own learning process (Moench, 1986).

This change require a significant change in the approach and attitude both of lecturers, and

students to the discipline being taught, or learned as well as a change in the procedures, methods
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paper have been used over various years and can be considered as active learning strategies

which have been well received by our students. The first activity we describe (the production of

a newspaper on toxicology) is carried out in groups of three to five students, whereas the other

two activities (a report on withdrawn drugs and a laboratory practical) are more individualistic

but have a very important component of peer teaching.

VENENUM
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Newspaper.
For this collaborative group
work approach to

the

learning

toxicology, class was
randomly split into groups of
three to five students. Each of
the groups had to compile news
related to toxicology during a
week (occasionally a fortnight)
which was assigned to them. At
the end of this period, the group
had to submit a two/four page
(A4) newspaper with the news
they had elaborated (Figures 1
and 2), together with the sources
of their information
(photocopies, printouts date and
program of broadcasting, etc.).

Detailed instructions were given
to the students at the beginning
of the year as to what was
required from them to carry out
this assignment effectively and

successfully, which was not just
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Figure 2. Front page of a toxicology newspaper elaborated
by a group of four students in the academic year 2003-04.

simple copying and pasting the news they had found but they had to look for, and complement

the news with additional information on mechanisms of actions, symptoms, treatment, etc.

Broad guidelines were given to the students as to what to include in their newspaper, as well as

several issues related to the format and presentation of the newspaper. However, no information

was given to the students as to what sources of information to use, where to find them and how
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to access them. The newspaper was photocopied and distributed to the rest of the class and
either enlarged and exposed in a notice board in the Faculty or as we have done in later years,
since 2004-05, a portable document format (PDF) version of the same was posted on the

internet: http://www.uch.ceu.es/principal/noticias toxicologia/index.asp?menusuperior.

The final piece of work, i.e. the newspaper, was evaluated by the lecturer taking into account
several aspects, such as the interest of the news and their relevance to the course, the amount,
quality and precision of the additional information added, as well as the format, the
presentation, the clarity and the style. Additionally, students were given a form and asked to
evaluate each member of the group on their contribution both on news gathering and in

generating the newspaper.

Withdrawn drugs.

This activity learning strategy is carried out by individual students and it is not compulsory,
being carried out only by those students who volunteer to do so. Each student was randomly
allocated a drug which had been withdrawn form the market (in Spain or elsewhere) due to its
toxicity or the presence of adverse reactions; some classical compounds such as thalidomide,

diethylstilbestrol and others were also included (Table 1). .

Table 1. List of the withdrawn drugs investigated by our Toxicology students in 2005-06.

Acetylsalicylic Chloramphenicol Methaqualone  Terfenadine
acid (children) (food-producing

animals)
Alatrofloxacin Chlormezanone Mibefradil Ticrynafen

Trovafloxacin

Alosetron Diethylstilboestrol Natalizumab Tolcapone
Astemizol Ebrotidine Nefazodone Troglitazone
Benzbromarone, Fenfluramine Nimesulide Veralipride
benzdiodarone Dexfenfluramine
Bromfenac Benfluorex Pemoline Ximelagatran
Cerivastatin Phenformin Rofecoxib Zimelidine
Cisapride Phenylpropanolamine  Sertindole
Clioquinol Grepafloxacin Thalidomide

(new uses)
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Each student had to research the literature and write a short, critical report on the drug, its
therapeutic uses and the reasons for its withdrawal from the market with a maximum extension
of a two sided A4 page (11 or 12 pt font), including any relevant bibliography and the sources
of their information. A compilation of all the reports was then presented to their peers and a
lecture session used to discuss all the drugs considered and the reasons for their withdrawal

Practical items.

As part of the practical program and to carry out one of the practical sessions, each student had
to search, find and bring to the laboratory five toxic items including one medicine, one plant and
one pesticide; the other two items were of free choice but had to belong to different categories
of toxic substances (for instance a metal and a household product) to a laboratory practical and
give an oral presentation to their colleagues on them and their toxic effects. In practice, and
because of time constrictions, the oral presentations were limited to one or two items per student
with the presentation of each student not exceeding 10 minutes. In this activity, the originality
of the items brought, the difficulty in obtaining them, as well as the audiovisual aids used and
clarity of the presentation made by each student were assessed. The written descriptions for
each item including the toxicological aspects were then compiled by the lecturer, and after

eliminating repetition, were photocopied for all the students in the class.

RESULTS AND DISCUSSION

With the newspaper experience, the students became
motivated in the study of Toxicology probably because they
realize that it is a discipline “real” and of “current interest”, as
it was revealed when this activity was assessed by the one-
minute-paper technique (Stead, 2005) and also by the
comments the students made. Our students see now the
Toxicology as “modern” and “making the news”, rather than

something theoretical and difficult that they have to study and

learn. The students who participated manifested that they

learnt the topics they covered in the news better because they

Figure 3. Bottles of Formigal

had to find out, compile and elaborate the information by  (AsOsNas), an obsolete
preparation used to kill ants

brought by students to the
laboratory experimental learning by enquiry which has been  practical.

themselves. As such, we are implementing, outside the

strongly supported by some authors (Tamir et al., 1998; Schwab, 2000). In our opinion, this

activity goes beyond mere group work since it has all elements necessary to be catalogued as
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collaborative learning amongst the students.
(Watson, 1992). Furthermore, the students had
to investigate the mechanisms of action and
other aspects of all toxins they considered, even
if for space constrictions or interest they did not
include them in the newspaper. Their colleagues
seemed interested in reading something that
their peers had written (Rodilla 2004). This type

Figure 4. Photograph of a scorpion of group work allows the students to teach
(Buthus occitanus) inside a glass jar
containing ethanol.

themselves part of the subject, encourages their
ability to synthesize information and promotes
their writing and communication skills. In addition, the students participate in the evaluation
process. It is argued that peer assessment is of adequate reliability and validity in certain
circumstances, and may have a positive formative effect on the students’ achievements and
attitudes (Topping, 1998).

The main drawback of this and similar initiatives, is that the lecturer cannot select the topics the
students are learning, but this is compensated by the interest that it generates not only amongst

the registered toxicology students but also on other students not undertaking the course.

The students considered researching the toxicity or adverse drug reactions of previously
marketed drugs a very interesting task which helped them to understand the importance of
toxicology as well as pharmacovigilance in ensuring the safety of medicines. However when we
evaluated this activity (one minute paper method) (Stead, 2005), many students (40% of
respondents) were in favour of carrying out an oral description or presentation of the drug and
the reasons for its withdrawal. The students feel that they obtain a deeper knowledge of what
they are studying, that they learn more quickly and that they are able to relate theoretical
concepts with their practical applications. We feel that this type of assignment provides the
students with a very clear view and understanding of risk assessment, a concept otherwise
difficult to pass onto them. They also become very much aware of the work carried out by the
regulatory agencies internationally and the differences between them. In summary, it gives
Pharmacy students a very real point of view when it comes to evaluation of the safety of

medicines and the work involved in their regulation.

The practical laboratory was also an interesting experience for the students and certainly for the
lecturer. That interest can be explained at least in part, because originality and the difficulty in

obtaining the toxic products, as well as the presentation given by the student were assessed.
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Items not difficult to obtain but of considerable toxicity were brought to the laboratory, amongst
them, Nerium oleander, Echballium elaterium, several specimens of the Datura genus, Viscum
album, medicines (barbiturates, benzodiazepines, propanolol, antidepressants, etc), methanol
and ethylene glycol Amongst the most extraordinary items brought to the laboratory were
several arsenical preparations (Fig 3) (some obsolete like the one shown in figure 3; others now
prohibited based on sodium arsenite, but which were, until recently, used as fungicides for
vines), exotic or rare plants such as Thevetia peruviana or Enanthe crocata, common scorpions
(Buthus occitanus) (Figure 4), a salamander (Salamandra salamandra) , and several vipers
(Vipera latastei), and even a radioactive necklace detected at the nuclear plant at Cofrentes
(Valencia) during a secondary school visit, and which remains in the possession of one of the
workers of the plant, who lent it to the student, together with a laboratory printout with the
radioactive isotopes it contained. In our opinion, this practical is worthwhile and highly
recommended since it promotes amongst our students an active learning strategy. In order to
bring five products to the lab, the student, who has very little or no prior knowledge of the
subject, has had to research the literature, to find and identify substances which are toxic and
which he/she can obtain. Because both originality and the difficulty in obtaining the item are
part of the final mark given to the student, they actually cover a lot of ground in toxic materials

or toxic substances, to finally come up with their five best items.

As with the newspaper, the main disadvantage of this method is that the teacher cannot select
the items the students were covering and some articles and products such as certain plants,

bleach, lead or mercury for example, became very repetitive.

CONCLUSIONS

In the preparation of the newspapers and the study of withdrawn drugs the students have to
synthesize the information and this is undoubtedly a task that promotes the development of the
students” writing skills. The students teach themselves and their colleagues some important
aspects of the curriculum. Furthermore, we think that these activities make the students aware of
the importance of Toxicology in their chosen degree. We believe that the generation of a
newspaper (magazine, or news digest of some sort) by a group of students is an activity that can
be easily extrapolated, and it would be applicable, to almost any scientific discipline and even to

certain areas of the humanities.

The practical experience develops their research abilities and at the same time it makes them

become aware of the availability of toxic substances. With this experience the students develop
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their oral and presentation skills as well as teaching their peers by engaging in collaborative
learning. Some reported that they had difficulty in selecting the materials, particularly when
they had no extensive knowledge of toxic substances and some complained because they found

it very competitive.

In general the students like these activities, probably because collaborative and self-learning
strategies emphasize learning that is meaningful and enjoyable and in which the students are
actively involved. Furthermore, those who participate (some activities are voluntary) realize that
they acquire better and deeper knowledge which helps them to understand the subject and it

helps them to advance their chosen career.
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