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Abstract 
Pharmacology is a subject in the curriculum of a chemical pharmacist biologist at the School of 
Chemistry of the Universidad Nacional Autónoma de México. Pharmacology is taught in two courses, 
Pharmacology I and Pharmacology II, both biannual. The Pharmacology program includes theoretical 
and practical aspects, there are 6 hours a week for teaching the contents of the program and it is 
studied in face-to-face mode. Recently, they presented us with a Pharmacology simulator to evaluate 
it and based on the opinions of the professors, incorporate it into the program, and this is what we 
share in this writing. Each session of the Simulator has title, objective, methodology, template for 
results, exercises, questions for discussion and bibliographical references. We think that 
technologically it is an interesting proposal to strengthen learning; however, face-to-face teaching 
provides many more elements, abilities, skills and competencies. The simulator contains experiments 
of which we have the face-to-face version, why would we repeat the activities. It would be more useful 
to have experiments that we do not have access to due to operating costs, for example: how a flow 
cytometer works, how we identify a specific compound in a gas chromatograph, etc., 

If we compare, the face-to-face version with our simulator proposal, we immediately notice that 
valuable skills and competences are lost in the virtual version, from coexistence with others, effective 
communication with colleagues, organized collaboration, impossibility to observe and understand 
events such as hypnosis, degrees of sedation, intermediate processes to the expected results, etc., all 
of the above are not learned in the simulator, because it only quantifies the final result, that is, 
quantifies whether or not it is present, a pharmacological effect. Such a simulator would be more 
oriented to the discussion and reading of articles and depends to a large extent on the creativity and 
planning of the session by the teacher. 

Although, technology is an indisputable ally in the teaching-learning process, teachers should ask and 
reflect carefully if it is appropriate to acquire proposals such as the simulator, as students will graduate 
as biologic pharmaceutical chemists, who will be the operators in laboratories clinical. 

In this intervention we present skills and competences that are currently learned in face-to-face 
sessions versus the digital proposal. We consider that it is a good option in those degrees that only 
know the theoretical foundations to complement some specific aspect, but that their real labor field 
does not contemplate it of its competence. 

We consider that there are technological proposals that do not exceed or provide additional learning 
and that would only accumulate as more work for the students of this degree. In conclusion, 
technology will incorporate the strictly pertinent so as not to overload the students' tasks. 
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1 INTRODUCTION  
They told me, and I forgot it; I saw and understood; I did it and I learned it.  

Confucius 
Pharmacology is a subject in the curriculum of a chemical pharmacist biologist at the School of 
Chemistry of the Universidad Nacional Autónoma de México (UNAM). Pharmacology is taught in two 
courses, Pharmacology I and Pharmacology II, both biannual. The objective of the subject of 
Pharmacology I is to provide the bases for the understanding of the mechanisms of action of drugs at 
the molecular and cellular level so that it can relate them to the global pharmacological effects and to 
their clinical applications. The objective of Pharmacology II is to enable students to understand why, 
when and how drugs can be used to treat diseases, considering the physiological, pathological, 
anatomical, chemical and molecular aspects.  
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In the career of Biological Pharmaceutical Chemistry (BPC), professionals are trained in medicine and 
clinical analysis, based on the principles of chemistry and biology applied to the production of products 
and the provision of services for the preservation and recovery of health. The protection and 
conservation of the environment and the rational use of natural resources. 

The Pharmacology program includes theoretical and practical activities, both taught in 6 hours per 
week. The teaching of chemistry is done in person, partly by inheritance and partly because the 
laboratory activities are carried out by the students with the supervision of the teachers.  

Graduates of this career have better opportunities for professional development and work, when the 
skills taught in the school of chemistry correspond to future work activities. In other words, students 
learn the skills that will allow them to enter the work field. 

Teachers and students incorporate technological tools, smart phones, programs for calculation; but in 
the educational field several aspects must be considered, among them the pertinence, the utility, 
relation, final learning, costs, etc.  

When it is intended to incorporate some technological tool, teachers are asked to participate in 
knowing the Program or team that the department plans to acquire in order to undergo an evaluation 
and make a decision by consensus. Teachers who participate give their opinions argued, allowing to 
make better decisions and optimize the administration of resources. 

In this document we share our opinion regarding the simulator. We compare the learning acquired in 
the face-to-face session and the virtual session. After each learning we assign a value according to 
the Miller Pyramid (Miller, 1990).       

2 METHODOLOGY 
The session was reviewed in digital version and in face-to-face version, the acquired knowledge was 
identified and a value of 1 a 4, obtained from Miller's pyramid, was assigned, with number 1 Know 
ledge, 2 Know-how, 3 Competence, 4 Action. 

We had 4 options of learning activities, all with both versions, face-to-face and virtual. We select one 
randomly. The simulator is compatible with Microsoft Windows 98, it was delivered to us on a USB 
stick. 

The virtual selected session was: "Determination of the window of biological activity and the effective 
dose 50 (ED50) in a simulated system"; to carry out the activity, the students use SimCDR ver.1.0, 
developed by José Luis Balderas of the Faculty of Chemistry of the U.N.A.M. (Navarrete-Castro A, 
Medina-Cruz L, Balderas-López J L., 2008). 

The face-to-face session is entitled: “Dose-response curve quantitative to pentobarbital”. This activity 
is authorized by the Internal Committee for the care and use of laboratory animals (CICUAL). 

2.1 Face-to-face session 
In the laboratory, the group of 30 students is organized into 5 work groups. Each team has 6 students. 
The students previously study the session and organize themselves to carry out the activities. A total 
of 35 CD1 mice were used. Each team worked with 7 CD1 mice. 

2.2 Virtual session 
The students went to the computer room and each one made the session in the simulator following the 
instructions provided. The teacher was during the session to answer questions that may arise. The 
session recreates the construction of a “Dose-response curve quantitative to drugs”.  

3 RESULTS 
The following table summarizes the activities that students perform during face-to-face practice and is 
compared to the activities that students can do in the simulator. 
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Table 1. Activities carried out and level of the corresponding Miller's pyramid 

Activity number Face-to-face 
session  

Miller's 
pyramid  Virtual session  Miller's 

pyramid  

1. Management of male CD1 mice from 
20 to 30 g 

Yes 3 No 0 

2. Preparation of the drug to be 
administered. Mathematical 
calculations to prepare 6 solutions of 
increasing concentration (0.1ml per 
10g mouse weight) 

Yes 3 No 0 

3. Dosage. It involves weighing the 
mouse and calculating the volume that 
will be injected intraperitoneally. 

Yes 3 No 0 

4. Intraperitoneal administration of the 
drug in mice  

Yes 3 No 0 

5. Observation* and recording of the 
pharmacological response and record.  

Yes 3 No 0 

6. Categorize the answers obtained* 
(sedation, hypnosis and death).  

Yes 3 No 0 

7. Compilation of the results of all the 
work teams. With the data, tables were 
elaborated.  

Yes 3 Yes 
The simulator shows the boxes 
to select drug, dose; the result 

automatically appears.   

3 

8. The students elaborate the Dose-
response quantitative graphs 

Yes 3 No 
Because the program 

automatically generates the 
graph. 

0 

9. Students calculate the doses 1Effective 
50 (ED50), 2Toxic 50 (TD50) and 3Lethal 
50 (LD50). Safety margin and 
therapeutic index  

Yes 3 Yes 
The ED50 can be calculated, 
but it is not known to which 

pharmacological effect it 
corresponds 

3 

10. Group discussion about the results 
obtained, and the pharmacological 
meaning 

Yes 3 Yes 3 

11. Group reflection on the relationship of 
the pharmacological effect as a 
function of the dose, incorporation of 
toxic aspects.  

Yes 3 Yes 3 

12. Group discussion of the importance of 
safety margin and therapeutic index of 
drugs  

Yes 3 No  
Students do not have the 
corresponding graphs of 
each drug to make this 

analysis  

0 

13. Communication and coordination 
among students  

Yes 3 No 
because it is an individual 

task on the computer 

0 

14. Preparation of the written report of the 
practice by work teams 

Yes 3 Yes 3 

TOTAL  42  15 
* Students observe motor incoordination (sedation), hypnosis, loss of righting reflex (dorsal decubitus position) and 
death from cardio-respiratory arrest. 
1ED50 = is the dose required to obtain the desired pharmacological effect in 50% of the injected mice. 2DT50 = in this 
case hypnosis was considered as a toxic effect, and corresponds to the dose required to obtain the toxic effect in 50% of 
the injected mice. 
3LD50 = is the dose required to obtain the lethal effect in 50% of the injected mice. 
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4 DISCUSSION 
Table 1 shows some of the activities that are carried out and the value of the Miller pyramid, both for 
face-to face classroom and virtual activities. As it is the first time they do it, the students do not reach 
level 4 of the expert, but they do reach proficiency level 3 very well. 

This practice allows students to learn one of the principles of classical pharmacology that says: "the 
effect obtained is proportional to the dose", being the harmless until lethal dose (Paracelsus). On the 
other hand, they can know the importance of the margin of safety and how to obtain it for each 
substance used. Students learn that a drug with a broad therapeutic index is safer and therefore 
suggests that its use in humans is more reliable. 

The handling of the mice and the correct administration of the drug (intraperitoneally) is decisive, first 
so that the animal does not die and secondly to be able to obtain the results. 

Attitudinally, in the face-to-face session it is required that the students who perform the practice are 
organized, coordinated, communicated during the process, that they are attentive to all changes in the 
mice.  

In the face-to-face session, 14 activities are carried out, in the virtual session only 5 activities are 
carried out, corresponding to activities 7, 9, 10 11, and 14. Comparatively, more activities are carried 
out in the face-to-face session than in the virtual system. 

The totals of the lower part of the table are the sum of the values of the Miller pyramid assigned to 
them and allow a quick account, the final score of the face-to-face session was 42, while for the virtual 
session it was 15. 

It cannot be denied that students can learn a lot theoretically by using a simulator, but learning is more 
limited compared to the classroom and unfortunately students who only learn in a simulator could get 
a value 1 or 2 of Miller's pyramid but cannot reach a 3 or 4.    

Additionally, another problem is the evaluation, how would you evaluate a student who does not know 
how to elaborate the graph to obtain a result and then interpret it? 

In the future, probably not all graduates will be dedicated to this professional activity, which makes the 
pharmaceutical industry invest millions of dollars to evaluate new drugs from plants, animals, as well 
as synthetic drugs and obtained biotechnologically. Probably in other fields of knowledge, the 
simulators serve so that the users have an idea of how it is that they obtain the medicines that they 
consume daily. 

Again, we consider that tools must be acquired that are relevant, that are clear, complete, because in 
this case activity 9 is only partially fulfilled, but only five activities are fulfilled of the 14 in the virtual 
version, compared with the 14 activities of the face-to face session. Eliminating activities that result in 
limited learning, ambiguous or distant from reality is in prejudice of students. 

The virtual sessions do not allow the teacher to appreciate and evaluate the psychomotor skills 
acquired.  

5 CONCLUSIONS 
We consider that the use of simulators is an option in those fields of knowledge that only require know 
of the theoretical foundations, but that their field of real work does not consider it of their competence. 
Another appropriate application of the simulators is teaching at levels of education prior to the 
superior. 

The acquisition of competences in higher education cycles must have a strict relationship with future 
labor competencies. Here we evaluate a simulator and there are competences that cannot be 
acquired with this model. 

The evaluation of this simulator by the teachers allowed to decide by consensus. 
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