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Abstract 
In the last decades active learning has been increasingly applied at schools of pharmacy around the 
world on base on the importance of critical thinking and problem-solving skills for pharmacists. 
However, problem/project based learning has been typically restricted to clinical pharmacy teaching, 
and only a few approaches have been made in Instrumental Techniques apart from some isolated 
miniprojects within general courses of General Chemistry or Analytical Chemistry. 

On the other hand, one of the main learning goals of instrumental analyses subjects in pharmacy is 
that student is able to discriminate among a wide range a instrumental techniques the most adequate 
for characterization, structural determination and/or quantification for specific samples and 
applications. In addition, general experimental competences are expected to be covered, as well as 
teamwork and autonomous-working skills. 

Taking all above into account, it is presented a project-based learning (PBL) approach for 
undergraduate students in the second course of Pharmacy Bachelor degree at the University of the 
Basque Country (UPV/EHU) in which the starting point is an open-ended question which implies an 
experimental procedure that can be carried out by a wide range of instrumental techniques. Students 
must act giving response to a particular problem, analyze the applicability of available instrumental 
techniques and construct his own experimental procedure for the elected technique, making 
hypotheses, designing lab experiments, obtaining coherent results, analysing obtained data and 
describing results to an audience. This project is developed in parallel with the study of the theoretical 
fundaments of the main instrumental techniques in Physical Chemistry and it is intended to be 
performed within a single semester. 

Keywords: instrumental techniques, pharmacy undergraduate students, project-based learning, 
laboratory project. 

1 INTRODUCTION	  
Herein it is presented an experience of real-world problem related strategy in the teaching and 
learning process of Instrumental Techniques for Pharmacy students bonded to project based 
laboratory activities. This project is focused on student learning goals, including standards-based 
contents and experimental skills, as well as, lifelong learning skills, such as problem solving, 
communication and collaboration. Indeed, the overall goals of this project are the understanding of the 
principles and theories of the main spectroscopic, optical and electrochemical techniques applied to 
Pharmacy accompanied by the gaining of problem-solving abilities using selected instrumental 
methods to ensure the transference of knowledge to novel situations. 

Project Based Learning (PBL) is widely known as a teaching method in which students gain 
knowledge and skills by working for an extended period of time investigating and trying to respond to a 
real challenging problem or question[1][2]. According to this, the present project needs to meet some 
basic requirements. On the one hand, it must be framed by a meaningful problem to be solved with 
adequate level of challenge and that is situated in an authentic context related to the tasks and tools 
corresponding to a Pharmacy Bachelor Degree. On the other hand, the project needs to engage 
students in an active and extended process: inquiring, finding resources, making decisions, creating 
and processing information and data. In addition, the active role of students is not limited to this, but it 
must also include reflection about learning process and the effectiveness and quality of their project 
activities and work, as well as their handicaps and ways to overcome them. For this, students must 
take part actively giving, receiving, and applying feedback[3] in order to improve their final project. This 
traditionally will be presented in public, which implies a development of the ability to orally 
communicate. 

The present project based learning aims to expose students to a multidisciplinary environment closer 
to scientific research and scientific knowledge construction in which critical thinking, interpretation of 
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technical information, teamwork, making hypotheses and giving explanations about a topic, emerge 
naturally along the learning process. 

Instrumental techniques take part of a metrological science that develops, optimizes and applies 
strategic, methodological and instrumental tools in order to obtain analytical and structural information 
and solve real-world problems. Thus, the learning and teaching of Instrumental Techniques display an 
interdisciplinary nature from a wide range of branch of sciences as, mathematics, physics, biology, 
engineering, physical chemistry, analytical chemistry and computer science, among others. As a 
consequence, the research and development of instrumental tools, processes and methods are the 
primary sources of the teaching materials used in this discipline[4]. Due to this, a project devoted to 
solve current problems or questions that requires practical procedure and instrumental techniques 
seems to be a promising learning methodology on this subject. 

On the other hand, the pharmacy practice leads to attend the changing demand of the society which 
offers continually new challenges and competences to the scope of pharmacy[5]. The knowledge and 
skills of pharmacists need to be able to expand and adapt to future new needs. This highlights the 
importance of developing long-life self-learning skills [6]. In addition to this, it is noteworthy the 
difficulty to address a deep and exhaustive study of the wide range of above cited instrumental 
techniques, indeed, it results unapproachable for any scientific or sanitary bachelor degree. This fact 
is in line with the actual demand of overall lifelong self-directed learning for students of Pharmacy and 
encourages the necessity of preparing pharmacist to be able to cope with new and unknown 
techniques and instrumental challenges as a consequence of future professional imperatives. Thus, 
this approach is a more real way to assess nowadays the Pharmacy curriculum about instrumentation 
than memory learning of a few outdated instrumental techniques and it just corresponds to the 
standards for Curriculum of the Acreditation Council for Pharmacy Education (ACPE), which states 
that teaching strategies should ensure the adeptness of critical thinking and problem-solving, 
promoting active, self-directed and lifelong learning[7][8]. 

Despite the widely recognized advantages of problem/project/inquiry learning in undergraduate 
students, there are few examples of their use in university labs[9]. Traditional approach accepts that 
student treat experimental procedure like a cook-recipe whithout making hypothesis and thinking 
about the physico-chemical principles behind the experiments. Nevertheless, in the last decades 
universities have used several examples of student designed laboratory experiments, allowing 
students to design and develop their own experimental procedure or lab equipment[10]. These studies 
have shown that, certainly the best labs are those which allow students design and control over the 
experiments, provide the opportunity to learn from mistake, collect and use their own data. 

These laboratory projects are traditionally used for carrying out chemistry lab activities combined with 
inquiry/problem based learning for obtaining better understandings of general principles of synthetic 
procedures, characterization techniques as well as because they lead to develop at the same time 
cooperation skills, bibliography search, writing and oral communication skills. In addition, this 
combination leads to an experimental educational style that lets teacher develop curricular contents 
through practical activities arising from problems of interest for students. Students can face open-
ended problems and act as apprentice researchers in a simulating scientific work, without laboratory 
guidelines[1]. This forces them to design their own experimental procedure according to their previous 
knowledge or they specifically have selected supporting literature. 

Open-ended problems or questions are usually employed because they encourage students to 
reconstruct their own acquired knowledge and identify their obstacles and knowledge gaps. An open-
ended problem is a problem that has several correct solutions, or several ways to obtain the correct 
answer. The interest of these open-ended problems relies in the fact that students are required not 
only to show their work, but also to explain the way they obtain their answers or their criteria to choose 
the method they did[11]. There are a lot of advantages of open-ended problems which have promoted 
their widely spreading further to their initial mathematic curricula. Firstly, students use to participate 
more actively and provides an ideal atmosphere to feel free and supported to provide their own 
answers, and to be interesting about other`s solutions, leading to fruitful discussions because students 
are intrinsically motivated to give reasons of their solutions to other students. Secondly, students have 
more opportunities to make use of their prior knowledge and skills which acts as feedback for new 
learning processes. Thus, open-ended problems are a powerful tool that helps to develop the ability in 
linking interdependent topics and applying knowledge to real situations. 
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Figure 1. Schemmatic representation of the general structure of present laboratory project based 

learning for Instrumental Techniques 

This paper has been aimed at showing a project-based experience connecting laboratory and 
theoretical knowledge in instrumental techniques for enhancing pharmacy students’ learning. The 
present project aims to stimulate high-order thinking of students in research and development, to 
foster their problem solving and making decision skills, and some generic skills. This experience give 
students complete responsibility for designing and developing a new laboratory procedure, controling 
over their experiment, learning from mistakes, collecting and analyzing their own data and making 
others known their experimental results and conclusions. The data and observations discussed here 
were collected from the author’s experience acquired just by developing an instrumental technique 
course (second year undergraduate students) during 4 years at the University of the Basque Country 
(UPV/EHU). 

2 METHODOLOGY 
Instrumental Techniques is a compulsory course available for the second semester of the second year 
of undergraduate students in the Bachelor degree on Pharmacy at the University of the Basque 
Country. It is a 6 credit course with 4.5 theoretical credits and 1.5 lab-credits along fifteen lecturing 
weeks which corresponds with 3 classroom hours per week and 4 days of 4 hours laboratory 
sessions. Students entering the course have background knowledge on mathemathics, physics, 
general, inorganic, analytical, physic and organic chemistry. The standards for curriculum published in 
the justification of the Bachelor Degree in Pharmacy by the University of the Basque Country reflects 
the importance for pharmacists of keeping up to date their knowledge on instrumental techniques in 
order to could serve their social function. In addition to this it is worth to mention the huge variety of 
pharmacist’s different workspace related to the knowledge and mastery of instrumental techniques, 
such as, clinical and analysis laboratories, biosanitary research or pharmaceutical industry. Thus, the 
need of including as qualification competences the ability to design, apply and evaluate methods and 
instrumental techniques is highlighted and in the light of this, the present work is justified. 

The present project is a powerful tool to Instrumental Techniques course because all the general goals 
specific of this subject are expressly worked (Table 1), giving to it an integrating role.  

Instrumental Techniques course is offered to a unique learning group of 50-60 students. The proposed 
methodology was applied along 10 class hours during the last ten lecturing weeks simultaneously with 
magisterial, tutorials, practical lectures and 2 laboratory sessions (4 h/session). In order to can apply 
PBL methodology, the laboratory classes were designed for 20 students and classroom group was 
split up to two 25-30 students small groups, in which students typically work in groups of 3 people. 

Both groups received a different and short summary stating their driving problem. This was an open-
ended problem which requires at least one instrumental technique and it can be solved by several of 
all the studied techniques. The driving problem was made known to students after 5 class weeks, in 
which an introduction to instrumental techniques and the fundamentals of spectroscopic methods, 
optic and electrochemical methods was made in traditional lecturing classes. After these introductory 
lessons, along the last weeks of the semester, a more detailed study of the following instrumental 
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techniques was carried out: Conductimetry, Potentiometry, Voltametry, Atomic Spectroscopy, X-Ray 
Spectroscopy, Vibrational, Rotational and Electronic Spectroscopy, Emission Spectroscopies, 
Magnetic Resonance Spectroscopy, Refractometry, and Polarimetry, among others. The aim of this 
sequencing of theoretical contents and tasks is that students while they get knowledge of each 
technique, they can construct a real application frame of them according to the given open-ended 
problem. This enables, at the same time a continuous self-questioning about the information received 
in magister classes, an increase of the connection with previous knowledge and between all the 
studied techniques, making surge a spontaneous comparative study motivated by the applicability of 
each techniques to a real-world problem. 

Table 1.  Comparison between general goals of Instrumental Techniques subject  
and present project based learning. 

General Goals Project General 
Goals 

Instrumental 
Techniques Subjects 

General Goals 

Identify and discriminate the different instrumental techniques for 
characterization, structural determination and quantification.  

Yes (Phase 1) Yes 

Identify and know the physicochemical fundamentals of 
electrochemical and spectroscopic techniques, especially the 
relationship between the characteristic signal of each of them 
and the physicochemical properties of the system. 

Yes (Phase 1) Yes 

Analyze the type of information provided by each of the 
instrumental techniques 

Yes (Phase 1) Yes 

Know basic components and operation of different instruments 
used in optical, electrochemical and spectroscopic techniques 

Yes (Phase 2) Yes 

Know and relate the possible applications of each instrumental 
technique in the pharmaceutical field in relation to the 
physicochemical basis of each one of them. 

Yes (Phase 1) Yes 

Interpreting qualitative and quantitative experimental data. Yes (Phase 3) Yes 

Develop communication and information skills, both oral and 
written, to deal with patients and users of the center where they 
carry out their professional activity. 

Partially (Phase 
3) 

Yes 

Encourage creativity, seek solutions creatively. Yes No 

Transferring knowledge  Yes Partially 

Group learning Yes No 

Making decision and solving problem  Yes Partially 

This project consists of three different phases: 1) Analysis of the problem, 2) design and performing of 
laboratory work and 3) experimental data treatment, interpretation and oral presentation. 

 
Figure 2. Schemme of the followed project based learning strategy 
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In the first phase of this project students conducted an analysis of the raised problem and a revision 
search of principles and applications of studied instrumental techniques along 3 sessions. Students 
were encouraged to discuss these points in and outside classroom. In the first session the summary of 
the driving problem was discussed and in order to ensure that it was understood a pre-questionnaire 
was employed and groups were required to define the objective of their project. The different 
techniques under study were equally distributed between the members of each group (work 
distribution sheet), who could individually make a deeper revision of the potential application of 
assigned methodologies to the known problem outside classroom. This work distribution enhances 
cooperative learning and origins expert students on each technique.  

Table 2.  Comparison between studied and available instrumental techniques in laboratory classes, as well 
as potential techniques than can be applied to answer to the open-ended problem for two different 

examples of driving questions. 

Driving problem 
title 

Open-ended 
problem 

Potential 
instrumental 

techniques to solve 
the problem 

Available 
instrumental 
techniques 

Studied 
instrumental 
techniques 

A miraculous drug 
from crustacean 

shells 

Chitosan 
deacetylation degree 

determination 

X X Conductimetry 

X X Potentiometry 

- - Voltametry 

X X NMR 

X X FTIR 
- X UV-VIS 

X X Fluor. Spect. 

- - X-Ray Spect 

- X Refractometry 

- X Refractometry 

- X Polarimetry 

Molecular pockets 
to carry insoluble 

drugs 

Yield of a chemical 
modification reaction 

of cyclodextrins  

X X Conductimetry 

X X Potenciometry 

- - Voltametry 

X X NMR 

X X FTIR 

- X UV 

- X Fluor. Spect. 

- - X-Ray Spect. 

- X Refractometry 

- X Polarimetry 

On the second and third session students explained their developed ideas to each other and they 
offered suggestions and solutions to specific problems and questions of the other members of their 
own group and a new discussion was held in each group. Finally the group was requested to write a 
short assay indicating the proposed instrumental techniques and describing the fundaments of their 
proposal. A minimum of 3 different techniques were required. A group interview was proposed as 
closure of the first phase of the project, in which a member of the group was randomly selected to 
explain to the tutor the proposal of the group in order to ease the feedback of this first phase.	  

In this first phase students are afforded an opportunity to compare the advantage and disadvantage of 
the different methods and discover that only a few instrumental techniques can only be used 
effectively for each problem. This enables that students gain better insight into the possibilities and 
accuracies of different situations. 
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In the second phase of this project, one of the instrumental techniques proposed by students was 
assigned for each group by the tutor. Additionally, NMR technique was compulsory asked to all 
groups, due to the simple experimental procedure that it requires, the high technical complexity and 
responsibility that this instrumental technique entails and the enriching posterior data treatment that it 
provided. Thus, an instructor or a technical specialist carried out the NMR experiment with students 
previously prepared samples. The choice of the technique determined what experimental procedure 
and sample preparation were practiced in the laboratory. Students should design and perform their 
own practical work, which leads them to take into account basic professional standards, such as, 
safety standards in the laboratory, waste treatment, task planning, among others. This phase is 
devoted to develop a student-centred active lab learning avoiding text and manual-based knowledge, 
so, students were provided with limited health and safety information, no laboratory manual and no 
further instruction, taking into account that general experimental lab skills were taught to students in 
previous years. 

Students were provided of a dedicated laboratory space containing some of the instrumental 
techniques studied in the lectured sessions, as well as basic chemicals and laboratory materials (see 
Table 2) that they knew before starting the design of their laboratory work. Thus, a short visit to 
laboratory was required at the beginning of this phase in order to carry out the assessment of the work 
conditions and tools. According to this, students elaborated the list of needed chemicals and basic lab 
material. The final assessment of this second phase of the project was writing a lab instruction manual 
specially designed to solve the experimental problem according to the selected instrumental method. 3 
Class-sessions and 1 laboratory session were devoted to this phase after the visit to lab. The design 
of the experiment leading to the resolution of the problem was gradually performed along the first 3 
sessions before performing a trial of the experiment. Students should define the preliminary laboratory 
procedure and finally they should write their corresponding lab guideline draft employing a general 
template. A tutoring session was programmed with the teacher in order to check the viability of the 
designed experiments in which students submitted a general scheme of the experimental procedure 
and an attempt of the expected experimental data and future data treatment to tutor, in order to 
students could be provided with feedback. Once the design was approved, students were able to 
perform their experiments on a trial session lab. In this test session students checked their design and 
modified their laboratory project according to their findings, observations and mistakes. Eventually, a 
final lab guideline that describes the exact experimental protocol followed as operating procedure for 
the problem was presented as assessment of the second phase of the problem.  

Table 3.  Chemicals, instrumentation and simple lab equipment available to students. 

Chemicals Instrumentation Lab equioment 
Doubly destilled and desionized 
water 

UV-VIS spectrophotometers Funners 

Deuterated solvents FTIR-spectrophotometer Beakers 
NaOH pellets Conductivity cell Burets 
HCl solution (37%) pH-meter Dropper pipers 
pH calibration standards 
solution 

IR-lamp Erlenmeyer flasks 

KCl conductivity standards 
solutions 

Balance Forceps 

KBr (s)  Pipers and bulbs 

Clamps and stands 

Scoopula 
Stirring Rods 
Wash bottles 
Measured flask 

The last phase of the problem deals with the obtaining, treatment and public expression of 
experimental data. For this and due to the low availability of some of the instrumental equipment 
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required, a strict timetable was arranged to organize students’ and equipments schedules. Students 
accurately collected experimental data necessary in the design conducting to the problem solution (1 
lab session) and data treatment was carried out on a special session guided by instructors where 
students will be provided of computers and a data analysis and data graphing software. If abnormal 
results were obtained, students will be forced to think and make hypothesis about the possible 
reasons for such results. Finally, each group prepared the laboratory report in the form of a research 
poster for 15 minute oral presentation in a final session with classmates. The teacher and the rest of 
students will act as reviewers and had to review and discuss the project for other students group. 
Optionally a written report could be requested with journal article style papers with a full literature 
review, which would complete another transversal skill related with bibliographic search that is not 
addressed in the original project based experience. 

In order to successfully address all the phases of the project the following working protocol shown in 
Table 4 will be available for students. 

Table 4.  Course assignments, workload and chronogram: working protocol. 

Phase Session Assignments Workload 	  
1 

1 Class Problem analyses 

-Prequestionnaire 
-Work and roles distribution 
sheet 
-Definition of the objective of the 
project 

Summary 

2 Class Ideas exposition and 
discussion 

- Individual analyses/ problems/ 
suggestion sheet 

3 Class -Techniques Proposal sheet Template 
INTERVIEW and Technique assignation Feedback 

2 

4 Lab (1 h) VISIT TO THE LAB 

-Corrections to the proposal 
sheet 
-Chemical, materials and 
instrumentation sheet 

	  

5 Class 
Experiment design 

-General scheme of 
experimental procedure 

	  

6 Class -Experimental procedure draft Template 
VALIDATION Feedback 

7 Lab (4 h) Experimental trial -Modification to experimental 
procedure 

Rubric 

8 Class Exact experimental 
protocol elaboration -Final Lab guideline Template 

3 9 Lab (4 h) Experiment 
performing -Data sheet 	  

10 Computers 
Classroom Data treatment -Data treatment sheet 	  

11 Class Presentation 
elaboration -Data report sheet Template 

12 Class Oral presentation 
and review 

-Poster presentation  
-Peers review sheet 

Rubric 
Feedback 

The role of tutor in this project based experience is that of a research director, managing the work, 
giving advice and suggestions, generating questions, providing feedback, suggesting and facilitating 
the implementation of techniques and methods of work.  

Regarding students’s roles, efforts were made to ensure that all members of the group took part 
equally. In order to this, collaboration was forced by the fact that within each part of the project, work 
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was divided up because there was far too much work to be done in isolation. So, group leaders were 
designed for each phase of the project and the leadership rotated with each new phase of the project. 
The leader designated each person’s responsibilities and ensured each member was doing their fair 
share of the work.  

3 EVALUATION 
The evaluation was based on the submission of relevant documentation along the development of the 
project (Table 4), and observations during group interviews for assessment. Observations were made 
of the group interactions especially during interviews in which group members will be asked 
individually. In addition, observations also were assessed in the final written examination.  

Students were required to submit brief outlines of the tasks performed in each session in order to keep 
the continuity in the project and assess their progress. To this, assignment descriptions and templates 
will be available (Table 4). The key to success in this project was that students were required to 
engage with the feedback that was specifically provided after each phase. 

This project contributed a total of 30% toward the final grade of the whole course. Within the previous 
traditional practical class, the assessment had been based on a report writing about experimental data 
treatment and discussion which contributed significantly less to the final grade (10%).  

Written examination was conducted as closed-book examination at the end of the subject, which was 
worth 60% of the total grade. The goal of this final written examination is to encourage students to 
review their acquired knowledge systematically in a overhaul and ease assessment of all the learning 
goals of the subject for such numerous student group. Another 10% of the total grade was 
represented by questionnaires and short questions systematically worked and collecting along the 15 
weeks in order to engage students in their continuous learning process. 

Peer assessment is an interesting option to measure students’ contribution because it allows students 
to think more carefully about what they know, what they do not know. At the same time, peer 
assessment is close to the real life outside the classroom that usually requires working with others and 
asses their work and emphasizes the cooperative nature of the project. In this course, peer 
assessment was used to evaluate the final oral presentations, but it would have been used as well in 
other parts of the project. An evaluation rubric was provided to guide the peer evaluation process 
which was also employed for self-review.  

4 RESULTS 
This project has been resulted to be a successful improvement to the traditional approach in which 
lectured sessions and laboratory practical work where separately addressed and evaluated. In that 
previous approach evidences showed that there was a tendency for the student to not think about 
what they were doing in the laboratory acting like consumers leading to a poor engagement with the 
learning objectives. However, even in that unfavourable scenario they still obtained high grades for the 
practical element and written examination in which predicted theoretical questions, or mechanical 
exercises were asked. Nevertheless, this performance was not replicated when open-ended questions 
or question which implied connection and high order thinking were asked, as can be seen in Table 5. 

Present project-based learning was applied during 2014-2015. Nevertheless during 2012-2013 
specific questions that required high order thinking were also included in written examinations. These 
questions were designed properly to ensure transference of skills to similar problems and students 
were trained for that kind of questions in order to avoid rote memory learning. During 2012-2013 only 
the 21% of the students got a final grade lower than 50% and high grades were achieved, in fact, 
around half of the cohort received a grade of 65% or better for their coursework in 2013. However, 
regarding open-ended and high order thinking questions, surprisingly, less than 10% got a grade 
higher than 50% and more than 50% was not able to answer and left the questions blank.  

Thus, the new project based learning was designed to address this issue, and it appeared to fulfill 
expectation, as can be observed in Table 5. The overall grades continued being similar, however, a 
much better grades were observed in open-ended and questions that implied high knowledge transfer 
after implantation of the present project-based experience. Indeed around %80 got a grade higher 
than %70 in those general questions in the final written exam. 
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Table 5.  Pharmacy Students’ Course Grades in the Knowledge (K), open-ended high order thinking 
questions (OH) before and after development of project-based learning. 

Grade (%) 
2011-2012 

(n= 98) 
2012-2013 

(n=94) 
2013-2014 

(n=108) 
2014-2015 

(n=69) 

K (%) OH (%) K (%) OH (%) K (%) OH (%) K (%) OH (%) 

100-65 48 1 30 3 45 80 21 77 

65-50 31 7 49 8 36 8 53 14 

< 50 21 92 21 89 19 12 26 9 

n=evaluated students; K=Knowledge grades, OH= Open-ended and high order thinking question 

On the other hand, students actively participated in all the phase of the project based on a high 
attendance rate (99%). All feedback sessions provided during the process were well-attended, 
students addressed the previous feedback comments and task, and submissions were completed on 
time in 97% of the cases. In addition, students will be more engaged when they worked on the 
laboratory, dealing with their own design and generating and answering to their own questions. 

With reference to the driving problem, it is worth highlighting the difficulty of designing meaningful 
problems to be solved with enough level of challenge that encompasses an enough number of 
available instrumental techniques. Indeed, this point is time consuming for the tutor and limits the 
possibility of offering different driving problems for all the working groups which would be lead to a 
more enriching learning experience. 

In phase 1 analysis in small groups made students feel more self-assured and they had more 
opportunities to verbalize their understandings and share ideas because the feelings of comradeship 
reduced those of isolation and competition, and encouraged them to ask questions in class in a more 
casual atmosphere.  

Regarding phase 2, the complexity of the tasks could be tailored by the choice of the technique. 
Indeed some experimental techniques required more complicated experimental procedure than 
others, which resulted in differences between groups that in general was not liked by students. 
Nevertheless, those differences took place only in the phase 2 of the project, because in all the cases 
problem analysis, data treatment and discussion of results involved equal difficulty level. 

As expected, due to former laboratory training, in general students performed the experiment in phase 
3 with technical correctness, however, failures and mistakes were very common in phase 1 and 2, in 
the planning and thinking.  

In general, students found the project interesting, challenging and relevant to their future professional 
career.  

5 CONCLUSIONS 
A project based instrumental techniques course for pharmacy students was successfully addressed, 
enhancing self-reflective learning and engagement with feedback in real-life scenarios described by an 
open-ended driving problem that led to an instrumental technique experimental design. This 
challenging learning experience provided evidences of being an interesting tool to acquire higher 
capacity for knowledge transfer to novel situations, which is a basic skill in the curricula of future 
pharmacist.  
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