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Abstract 
Lecturers of the Faculty of Sciences at the University of the Balearic Islands (Spain) have critically 
reviewed the first-year laboratory lectures of science for Biology, Biochemistry, Chemistry, Physics 
and engineering degrees. In all the studies, the experiments conducted in the laboratory help in the 
achievement of specific, generic and basic skills of each degree. 

We found that for the sciences degrees the organization of the laboratory sessions (6 ECTS credits) 
was very close, although the experiments and the techniques used were different. In all cases, the first 
session is mainly devoted to inform about the security rules, the delivery works and the grading. 
Before each laboratory session, students must read the protocol of the experiments to be done with a 
detailed explanation of all the steps, measurements and computations required in the session. In 
some cases (Chemistry and Biology) all the experimental activities have to be reported in a laboratory 
notebook, a tool that is commonly used in the research of these fields. The assessment mainly 
consists on delivering works for each experiment, writing an extended report of one single experiment, 
a practical and/or theoretical exam and the evaluation of the attitude/ability during the sessions, all of 
them with different weights to compute the final mark. The organization of the laboratory sessions in 
engineering is slightly different because they are part of a science course with other theory and 
practical lectures. As a result, to compute the final mark of the course the laboratory lectures weight 
about 25%. The methodology is like the one of sciences degrees, but the assessment only consists on 
delivering a single extended report of a randomly assigned experiment.  

Some of the improvements/changes discussed for the sciences degrees are: (i) the proposal of a 
coordinator lecturer to guarantee that all the groups are operating in the same way (specially the 
assessment); (ii) the preparation of a questionnaire to be answered by the students before starting the 
experiment to ensure that they have understood the goal and the methodology; (iii) to guarantee that 
students receive feedback of deliverable works as soon as possible in order to improve their quality as 
the course progresses; (iv) to check that the document with the explanation of the experiment is clear 
(improve the layout and incorporate some short videos); and (v) to define some items to assess 
quantitatively the students' attitude/ability during the different laboratory sessions. 

Particularly, for engineering degrees some other aspects could be changed/improved, such as: (i) 
strengthen the links between the experimental and theoretical lectures in order to deepen the 
knowledge of the contents of the course; (ii) use the first session to explain the organization of the 
laboratory lectures, the methodology and the assessment, with special emphasis in the deliverable 
works (the computations and results therein); (iii) use deliverable works for the assessment of every 
experiment (instead of one extended report) to guarantee that the students have understood all the 
experiments; and (iv) set a minimum mark to avoid that students pass the course without attending to 
the practical lectures. 

The aim of the proposed guidelines is to improve the organization, the methodology and the 
assessment of the laboratory lectures of first-year courses of science and engineering degrees. 
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1 INTRODUCTION 
In general, lecturers have many arguments to use laboratory lectures in their methodologies for 
several reasons [1, 2, 3]: further understanding of the concepts to be achieved in one particular 
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subject or group of subjects, increase the interest and motivation of the students, favour discussion 
and the cooperative works among students, enhance a critical view of the theories, experimental 
methods and mechanisms, etc. These reasons are particularly valued for science laboratory lectures 
where students learn to work in a real research laboratory (i.e. security rules or standard procedures, 
among others).  

It is therefore important to have a clear link between the concepts that students have to achieve in the 
course and the selected methodologies, i.e. students have to know which theories will be explored 
during each of the experiments that they will make [4]. Lecturers have to carefully select the most 
appropriate type of experiments and their procedures. For instance, laboratory experiments do not 
have to be too long or expensive. Lecturers have to critically evaluate the benefit–cost ratio (in terms 
of economical and personal/students time expenses) of teaching-and-learning practices [5] when 
organizing the subject. 

There are several skills (included in the list of basic, generic and specific of each degree) that are 
developed during the laboratory lectures [6]. We would like to highlight the following two: (a) practical 
skills (including safety, procedures, instruments, observation of methods) and (b) transferable skills 
(including team working, organisation, communication, presentation, information retrieval, data 
processing, designing strategies, problem solving). The first one is more focused on the specific skills 
of the degree whereas the second is more related to general skills. Both skills strongly condition the 
organization and methodologies of the laboratory lectures during the 4 stages [7]: planning and before, 
during and after the experiment. As a result, the assessment of the laboratory lectures should include 
activities for each of the stages.  

Students have to know in advance the activities that will be evaluated and how they will be assessed 
[8]. Sometimes students must write a reasoned report explaining the objectives, procedures, results 
and conclusions of the experiment [9] and in other cases students have to do a practical exam. 
Deliverable works (shorter than the report) or a portfolio [10] are also used to in the assessment as 
well as the attitude/ability of the students during the performance of the experiments [11]. In this case, 
a rubric is commonly used [12]. Depending on the laboratory experiments, one type of assessment is 
more suitable than the others and lecturers have to decide which one/s is/are going to use. 

The aim of this work is to review the first-year laboratory lectures of science for Biology, Biochemistry, 
Chemistry, Physics and engineering degrees of the Faculty of Sciences at the University of the 
Balearic Islands (UIB, Spain). In all the studies, the experiments conducted in the laboratory help in 
the achievement of specific, generic and basic skills of each degree. There are several aspects related 
to methodology, organization and assessment that are very close in the different analyzed degrees. 
However, the objective of this work is to further explore their differences in order to translate some 
features from one to another degree, exchanging experiences.  

2 METHODOLOGY 
The results of this work are based on different meetings with several first-year laboratory lecturers of 
the Faculty of Sciences at the University of the Balearic Islands (Spain). The first meetings were 
devoted to exchange information about the methodology, organization and assessment of the 
laboratory lectures of science for Biology, Biochemistry, Chemistry, Physics and engineering degrees. 
After a critical review, a list of different aspects to be changed/improved (as well as those to keep) is 
proposed for each of the analyzed degrees in order to incorporate the most appropriate evaluative and 
methodological features to help in the achievement of specific, generic and basic skills of each 
degree. The results presented are a reasoned summary of the methodology, organization and 
evaluative aspects that we think that have to be changed/improved/keep according to our experiences 
in teaching first-year laboratory lectures at UIB. 

In Table 1 there is a description of the main features of the first-year laboratory lectures in the studied 
degrees: Biology and Biochemistry (BI/BC), Chemistry (CHE), Physics (PHY) and engineering (ENG).  
First of all, it is important to highlight that the number of ECTS credits devoted to laboratory lectures 
for engineering is much lower than for the other degrees. The laboratory activities are part of a subject 
in engineering (commonly entitled as general physics) and for this reason there are differences 
between the first-year laboratory lectures of sciences and engineering ones, not only in the number of 
ECTS credits but also in the number of laboratory sessions, the type of experiments and the 
assessment. As a result, in this work we clearly differentiate between the sciences and engineering 
laboratory lectures. 
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Regarding the first-year laboratory lectures of sciences degrees, all of them are of 6 ECTS credits 
distributed in: about 10-20 sessions of 2-4 hours (Table 1) dedicated to the laboratory experiments 
and the rest are sessions to explain/organize the activities in the laboratory and those related to the 
deliverables. The first 2-4 sessions are devoted to explain the laboratory and security rules and the 
deliverables (methodology and assessment). Due to the space limitation of the laboratories, students 
are separated in several groups with about 20 students per session. There are between 1-2 lecturers 
present in the laboratory at the same time to guide the students to perform the experiment. This 
results in a large number of lecturers, thus a coordinator lecturer is in charge of performing a 
homogeneous evaluation (in CHE not teaching in this subject and in PHY involved on the 
lectures). It is also important to mention the features of the laboratories to properly perform the 
experiments [13]. Particularly, in BI/BC and CHE laboratories are only used for these lectures 
whereas in PHY they are shared with other general physics subjects of other degrees. 

Table 1. Description of the laboratory lectures. 

 BI/BC CHE PHY ENG 

Number of ECTS credits 6/6 6 6 1.0-1.5 

Number of laboratory sessions 12/18 10 25 4-7 

Hours per session 2/4 4 2 2 

Specifically designated laboratory YES YES NO NO 

Number of students per session 22/25 20 18 25 

Total number of lecturers 7 6-7 7 2-4 

A coordinator professor NO YES YES NO 

The main methodological features are shown in Table 2. Before the laboratory experiments start, 
students organize themselves in pairs (sometimes in groups of 3 students) and these groups are 
constant during all the sessions. Some days/weeks before each experiment starts, the rules and 
procedures (known as protocol in BI/BC and CHE) are available for the students. They have to 
carefully read the protocol and answer a quiz before starting the experiment to guarantee that they 
understand the purpose and procedures of the experiment. During and after the experiment, they have 
to write the results in the notebook (BI/BC and CHE, crucial for the assessment) or introduce in a 
computer to perform the data analysis (PHY). 

Table 2. Description of the methodology for the different grades. 

 BI/BC CHE PHY ENG 

First session to inform about security rules & methodology YES YES YES NO 

Before each experiment starts, students must read a protocol YES YES YES YES 

Lecturer explain the main steps of the experiment YES YES NO NO 

Measurements and results written in a notebook YES YES NO NO 

The main features of the assessment are shown in Table 3. It commonly consists in weighted 
percentages of the deliverables. In BI/BC and CHE they mainly consist in the laboratory notebook 
(they have to submit it when the laboratory session ends) whereas in PHY these are weekly 
deliverables of activities related to the experiments (extra computations, data analysis, discussion of 
the results). However, in PHY students have to submit two extended reports. In some cases (BI/BC 
and CHE) part of the assessment consists in a practical/theoretical exam and in some others (CHE 
and PHY) students have to prepare by themselves a laboratory experiment (writing a protocol, doing 
the experiment and explain the results). Although they are rated and evaluated differently, in all the 
studied degrees the abilities/attitudes during the experiment are taken into account in the final grade. 
In some items there is a minimum mark that if it is not getting over then the subject is failed. Besides, it 
is compulsory for the students to do all the laboratory experiments and to give in all the deliverables. 
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Table 3. Description of the assessment for the different grades. 

 BI/BC CHE PHY ENG 

Deliverable works (for each session or weekly) NO YES YES NO 

Prepare a laboratory experiment (objectives/methodology/results) NO YES YES NO 

Practical exam YES YES YES NO 

Laboratory notebook YES YES NO YES 

An extended report of one single experiment NO NO YES YES 

Attitude/ability during the laboratory sessions YES YES YES YES 

Regarding the first-year laboratory lectures of engineering degrees (here referred to those offered at 
the UIB: Telematic, Construction, Food and Agriculture and Rural Environment and Automation and 
Industrial Electronic), the laboratory activities are part of a subject (general physics) and the number of 
sessions is reduced (see column ENG in Table 1). The organization of the laboratory lectures is 
similar to those of sciences previously described (see Tables 1, 2 and 3): students have a document 
with the procedure of the experiments, they are grouped in pairs, results have to be written and deliver 
in after each experiment, etc. The document of the procedure of the experiment includes several 
tables that students (in pairs) have to fill with the observations and the computed results. Lecturers 
can check during the experiment if students understand it with a quick look of these tables.  

Due to the number of set ups of the experiments and the limitation of the space in the laboratory, there 
are only 6 students (grouped in 3 pairs) doing the same experiment and session by session they 
change the experiment to complete the total number of experiments (between 4 and 7, corresponding 
to the number of sessions). It is important to mention that there is only one single laboratory at the UIB 
where all this laboratory lectures are made and the occupation of this laboratory is quite busy (around 
750 students enrolled in 12 different academic subjects use the laboratory for 500 hours throughout 
the academic year). This fact might have an impact on the students' and lecturers' perception of the 
laboratory lectures [13]. The assessment is commonly limited to a single deliverable that consists in a 
description of one experiment done, together with the results and conclusions.    

3 RESULTS 
The improvements/changes as well as the maintenance of the features of the first-year laboratory 
lectures in the Sciences Faculty at the UIB are further explained in this section with a clear distinction 
between sciences and engineering degrees.  

3.1 Laboratory lectures in sciences degrees at UIB 

3.1.1 Methodological aspects and their improvements 
The differences between the organizational and methodological points among the first-year laboratory 
lectures in science degrees (see Tables 1 and 2) have given us the chance to discuss which ones are 
better to improve the students learning process and to further develop the skills related to the 
laboratory subjects. Find below a critical review of them. 

The importance of the protocol (a document available for the students with the objectives, 
procedures and expected results of the current experiment). The protocol is the guidance for the 
students to perform the experiment where the experimental setup is extensively explained. We agree 
that this document must have the following features: a nice layout to highlight the main steps of the 
procedure, a summary of the theory behind the experiment, a clear list of tasks and computations 
(deliverables), etc. In some cases, short videos might help to better describe the experimental setup or 
some measurement techniques. 

Engage students to read the protocol (at home) before the experiment starts. Although all the 
steps and procedures are stated in the protocol, science students commonly do not read it at home (in 
depth, understanding and thinking how they will work/organize in the laboratory). There might be 
several reasons: the students forget, bad attitude, laziness, maybe the document is not engaging in 
the experiment. In order to force them to read the protocol in advance, for the BI/BC laboratory 
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experiments students have to answer a quiz or solve a problem before the experiment starts (answers 
in the laboratory notebook). This activity has to be linked with the concepts they use during the 
experiment and students must learn the importance of reading the protocol before the laboratory 
lesson starts. It is also important that this activity is included in the assessment.  

Lecturers explain the main steps of the experiment. Although this is already explained in the 
protocol, it is worth to explain the purpose of the experiment and the link with the theoretical concepts 
that have been explained in the classroom. Knowing the skills that they will use in advanced can help 
students to better understand the reason of this laboratory experiment and the importance to work in 
depth to achieve the theory explained in the class (as pointed in [4]). This methodology is commonly 
made in BI/BC and CHE but it is not feasible in PHY because not all the students in the laboratory are 
performing the same experiments and there might be about 5 experiments simultaneously. In this 
case, students start the experiment with the guidance of the protocol and lecturers check (through 
asking some questions related to the setup) if they are understanding the experiment and if they know 
the theoretical aspects behind it. 

The notebook as an organization tool for the results and conclusions. The laboratory notebook is 
a commonly tool used in research areas such as Biology, Biochemistry and Chemistry. It is therefore 
interesting that students learn in the laboratory how to work with it. Since the first-year laboratory 
experiments students use it and it is also an item for the assessment (see next section). All the 
measurements, computations and results, as well as the incidences occurred during the experiment, 
have to be written there. In Physics, the laboratory notebook is not a research tool and students have 
to write the measurements and results wherever they want (very often they build tables by themselves 
in their laptops to introduce the data and make the computations). We consider that the laboratory 
notebook (or something similar for Physics) helps students to neatly save/report the results and the 
experiences happened during the laboratory lessons.  

The selection of the pairs to perform the experiment. Students themselves choose the pair to work 
in the laboratory during all the sessions. The objective is to enhance the discussion and to help each 
other in the experimental setup. Working with groups with large number of students may enhance the 
discussion but each student will not have the chance to experiment in the laboratory as much as if 
they were only two. Another issue about the grouping is the way that the pairs are done. If lecturers 
know in advance the students, they could propose the pairs in order to guarantee that they will 
cooperate and collaborate during the experiment (and avoid discussions between members of a 
group). Due to the schedule, this never happens, and students organize the groups themselves. 

Perform laboratory experiments when the corresponding theoretical concepts have been 
worked in the class. Due to the space and time limits, it can happen that some of the laboratory 
experiments are made before the corresponding theory is explained in the classroom. Although these 
parts of the theory are commonly known by the students (they have been working on it during the 
secondary school), we consider that it is important that all the students have achieved the concepts 
worked in the experiment, in order to better understand the experiment and the results and 
conclusions to be fulfilled after the experiment. It is worth to update the students and laboratory 
schedules to guarantee that all the theoretical lessons are finished and the concepts are achieved 
before the experiment starts. 

The duration of the session. It is important to guarantee that the duration of the session is enough to 
perform the experiment, collect the data, compute the results and reach the conclusions. Sometimes 
experiments are too long and there is no time to discuss about the results. We agree that it is much 
more interesting to evaluate the results than to repeat measurements in order to have a statistical 
significance of the computed results.  

3.1.2 A critical review of the assessment 
The differences between the assessments among the first-year laboratory lectures in science degrees 
(see Table 3) have given us the chance to discuss which ones are better to improve the students 
learning process and to further develop the skills related to the laboratory subjects. Find below a 
critical review of them. 

Continuous working with deliverable works for each experiment. Although this is not commonly 
made in all the science first-year laboratory lectures, we think that the deliverable works is a useful 
tool to guarantee that students: compute the results, reach a conclusion/s about the experiment, 
perform the experiment as better as possible to get adequate results, the final grade is based in 
different grades (if one is failed the approval of the subject is not in risk). It is therefore an objective 
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way to evaluate if students have understood the laboratory experiment and they have properly 
assessed the theory behind. Another interesting point is that students have to receive feedback of 
each deliverable before they submit the next one to avoid making the same mistakes again. 
Therefore, the feedback becomes part of the methodology, not exclusively related to the assessment. 
Following this line, it is also suggested not to consider the mark of the first deliverable to compute the 
final grade of the laboratory lectures. 

Prepare a laboratory experiment by themselves. This activity is the last one of the laboratory 
lessons and it consists in preparing a laboratory experiment (starting from writing the protocol until the 
presentation of the results and conclusions). Lots of skills related to research and presentation of the 
results are worked in this activity, as well as those more related to the theoretical concepts. It is 
important to have a clear guideline to perform this activity to help the students to focus on the different 
parts of the experiment that they have to prepare. 

A practical or theory exam. It consists on reproducing an experiment individually (performing 
measurements and compute results) with the protocol available. Another option is to perform a writing 
exam with questions related to the experiments performed. This type of assessment is especially 
applicable to check if the procedures/techniques are achieved by the students. 

The laboratory notebook. As it is explained in the previous subsection, all the results and techniques 
changed to those explained in the protocol have to be written in this notebook. It is an objective 
method to assess if students have understood the experiment and their critical views (the accuracy of 
the results, the experimental errors, etc). Although in PHY this notebook is not used in the 
assessment, the idea of having all the results together with a brief description of them can help the 
students to better organize the laboratory activities. 

Writing an extended report of one single experiment. In some cases, especially in PHY, the main 
percentage of the assessment consists in writing one or two extended reports, individually, explaining 
the objectives, methodology, results and conclusions of a selected (by the lecturer) experiment/s. 
Although the layout of this report is given to the students, most of the times they do not produce a 
reasoned document (it often has a weak analysis of the results). We consider that it is important in the 
future to review in depth the importance of this extended report and which skills should be developed. 
Besides, this activity has to be complemented by other deliverables to guarantee that students 
achieve all the experiments, not only those of the extended report that they have done and submit. 

The attitudes/abilities during the laboratory sessions. It is commonly evaluated through a rubric 
where different items are rated. We agree that it is necessary that all the first-year laboratory lectures 
should adapt a rubric for the different degrees (there is one for BI/BC) in order to assess individually 
the attitudes and abilities showed by the students. We also propose the rubric as a homogenization 
tool for the assessment, especially when different lecturers are involved in the same subject.  

3.2 Laboratory lectures in engineering degrees at UIB 
The above-mentioned items for the sciences degrees are also valid for the engineering degrees. 
Besides, in the next sections there are some other changes that are only applicable to the engineering 
degrees. They are based on the experiences of the sciences laboratory lecturers that participate in 
this work. 

3.2.1 Methodological aspects and their improvements 
Find below a list of items related to the methodology that can be changed/improved. 

Adapt the type of the experiment to the skills of the degree. The laboratory lessons are an 
opportunity for the students to practice and further understand the theories explained in the classroom. 
It is therefore important that the experiments are adapted to the skills of the degree that might vary for 
the different engineering degrees, as well as to the most important concepts to be achieved in each 
subject.  

Link between the laboratory and classroom lectures. It is important that students notice the link 
between the laboratory experiments and the concepts explained in the theoretical lectures. Therefore, 
lecturers have to refer to the experiments in the classroom and students do not have to forget the 
theories explained in the class during the experiments. In order to strength this link, it is important to 
explain the experiments to be done and the theoretical concepts to achieve in each of the experiments 
during the first laboratory session and recall this link during the lectures in the class. 
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Explain the methodology of the laboratory lectures during the first session. For some of the 
students, with the laboratory experiments they will firstly work in a laboratory. It is therefore important 
to explain the basic rules, the methodologies used there, the data acquisition and analysis, the 
expected results, the assessment, etc. These items are different from those taking place in the 
classroom and it is worth that they learn it before starting the lectures in the laboratory. 

First the theory and afterwards the experiments. It is important to avoid doing experiments before 
the concepts are explained in the classroom. When this happens, students have difficulties in compute 
some of the requested parameters and presenting the results. The duration of the session should be 
longer if they have to search (internet) and understand concepts that will be explained in the near-
future.  

3.2.2 A critical review of the assessment 
Find below a list of items related to the assessment that can be changed/improved.  

Deliverable works better than extended reports. The laboratory lecturers contribute typically to 
about 25% of the final grade. For the assessment students often write an extended report of one of the 
experiments made. In most of the engineering degrees, these reports are in general very poor: 
missing parts in the results section, objectives and conclusions not linked, description of the 
experimental setup directly copied from internet, etc. Although the extended report is a common 
assessment tool, after a critical review we conclude that with the deliverables of each laboratory 
experiment students could better show that they have understood all the experiments done (instead of 
focusing only in one single experiment). Besides, deliverable works give the students a chance to 
thoroughly compute the results and explain the main conclusions for each experiment.   

Fix a minimum mark for the laboratory lessons to pass the subject. In engineering degrees, the 
weight of the laboratory experiments and the associated deliverable works normally represent a small 
part of the total mark of the subject. Therefore, students can pass the subject without dedicating much 
time and efforts to the laboratory. In order to correct this, it is convenient to fix a minimum mark for the 
laboratory lectures and force the students to attend to all the lessons in the laboratory as well as to 
deliver all the tasks. 

4 CONCLUSIONS 
Lecturers from the Faculty of Sciences at the University of the Balearic Islands (UIB) have performed 
several meetings to critically review the first-year science and engineering laboratory lectures. The 
main conclusions are listed below: 

1 The sizes of the laboratories and their schedules critically determine the organization of the 
laboratory lectures. 

2 A coordinator of the laboratory lectures is useful to organize the laboratory lecturers when 
several are involved, especially for the homogenization criteria during the assessment. 

3 The instructions and procedures that students must read before starting the experiment should 
be clearly presented. 

4 A quiz before starting each experiment is useful to check if students have understood the 
objectives and procedures of the experiment to be done, as well as the expected results. 

5 A laboratory notebook is a useful tool to organize the activities made during the laboratory 
lectures. It is also helpful for the assessment. 

6 A rubric could be very useful for the assessment of the abilities/attitudes work in the laboratory 
as well as for the evaluation of the deliverables. 

7 During the assessment, deliverable works for each of the performed laboratory experiments is 
better to guarantee that students have achieved the objectives of the laboratory lectures than 
submitting only an extended report of one single or two experiments. 

8 A fast feedback for all the deliverables becomes part of the methodology and assessment as 
well as avoids repeating the same mistakes along all the experiments. 

9 Regarding the engineering degrees, it is important to highlight the links between the laboratory 
and classroom activities to guarantee that students know which are the topics that they should 
learn. 
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Although the above conclusions are based on the thoughts of the first-year laboratory science and 
engineering lecturers at the UIB, most of them can be applied to other universities or degrees where 
the laboratory experiments are part of the methodology to achieve the corresponding specific, generic 
and basic skills. 
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