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Abstract 
Undergraduate teaching labs are a key experience during the learning process for students in the 
science and engineering disciplines. In the teaching lab practices, we frequently find a lack of 
motivation in the students. On the other hand, we believe that the use of good practices while working 
in a lab or workshop environment are not usually addressed along the undergraduate student degree, 
which we consider a key learning for a successful development of their professional life. In order to 
improve these two aspects, we propose here two methodologies. The first approach consists in 
launching different challenging questions to the students along the lab session. The students can use 
any of the resources around the lab to find the answer. The reward to successfully answer all the 
proposed questions is an additional 10 % (extra point) over the mark of the session. To promote good 
practices the additional mark resulting from the previous approach would be multiplied by a good 
practices coefficient, which could only be either 1 (when all the good practices have been followed by 
the student) or 0 (if some of the good practices have not been followed). The above methodologies 
have been implemented in the teaching labs of different engineering degrees (chemical engineering, 
industrial engineering and design engineering). The methodologies are successful, especially the 
implementation of good practices. The challenging questions showed somewhat lower degree of 
success in the final years. 
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1 INTRODUCTION 
Teaching labs are a key experience during the learning process for undergraduate students in the 
science and engineering disciplines. There, they are able to prove the different theories taught in the 
lectures and, moreover, develop skills in an environment which will very likely form part of their work 
day in their professional life. In the undergraduate teaching lab practices of our university we 
frequently find a lack of motivation in the students [1], which do not really feel attracted by the hands-
on tasks or experimental methods. On the other hand, we believe that the use of good practices while 
working in a lab or workshop environment are not usually addressed along the undergraduate student 
degree, which we consider a key learning for a successful development of their professional life. Good 
practices include tasks such as keeping common use areas cleaned and tidy, return tools to their 
place after use, handle equipment correctly to avoid damage, follow safety regulations, etc. 

In order to improve these two aspects we propose here two methodologies to improve both the 
motivation of the students during the lab sessions, and the learning of good practices in the lab or 
workshop. The approaches include launching challenging questions and evaluate with a mark the use 
of good practices along the lab session. They will be described in detail in the methodology part. Both 
strategies have been successfully implemented in engineering degrees and the obtained results will 
be shown in the results section. 

2 METHODOLOGY 
Two methodologies have been proposed to improve the student's motivation and encourage the use 
of good practices when working in a lab or workshop environment. The first approach relates to the 
motivation. It consists in launching different questions (not more than 3 or 5) to the students along the 
lab session, either at the initial part or at moments with low experimental activity. The questions should 
become a challenge for them and be designed to encourage scientific analysis and discussions. The 
students can use any of the resources around the lab (books, internet access, other students, etc.) to 
find the answer. The questions will be solved at the end of the session. Especially at times when they 
tend to become distracted or bored due to the lack of hands-on activity, the teacher can remind them 
to work on solving the questions. The reward to successfully answer all the proposed question is an 
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additional 10 % (extra point) over the mark of the session. If only half of the questions are correctly 
answered, half point will be added, and so on. 

Some examples of questions used in the lab sessions of the subject Fundamentals of Materials 
Technology and Engineering from the Chemical Engineering degree (2nd course) are shown in Table 
1 each question is related to each of the experimental parts (stress-strain measurements, Charpy 
impact tests and hardness determination). They were launched at the beginning of the session, right 
at the end of the initial theoretical introduction, before commencing the experimental part. 
Alternatively, they can be introduced progressively during each of the practical tests. 

Table 1.  Examples of challenging questions employed in the subject Fundamentals of Materials 
Technology and Engineering from the Chemical Engineering degree. 

Lab session topic Questions 

Evaluation of 
mechanical 
properties 

1. In the stress-strain curve, does elastic strain continue taking place in the 
plastic strain region? 

2. Why a preload is required during Rockwell hardness measurements? 
3. Which of the parameters or properties which can be determined from a 
stress-strain curve is more closely related to the impact energy obtained in a 
Charpy impact test? 

To promote good practices, such as cleaning the working areas after completing the tasks, comply 
with safety regulations, return tools and elements after use to their place, etc., a second methodology 
is proposed. The implementation of the methodology is performed by introducing a good practices 
coefficient. The additional mark resulting from the first approach is multiplied by this coefficient, which 
could only be either 1 or 0. A coefficient of 1 will result if the student has worked during the session 
following all the good practices. If any of the good practices have not been followed (tool not returned, 
uncleaned area, damage produced to equipment, unsafe operation, etc.) the coefficient will become 0 
and hence no additional mark will be gained in the session. 

Typically, students do not pay attention to follow good practices, which is detrimental for their future 
professional life, where following good practices is key if they are going to work in a lab or workshop 
environment. Behaviors such as not returning used tools to their location or not cleaning common 
areas after completing the work represent a lack of comradeship. When frequently repeated, they 
damage the working environment and personal relationships. Good practices also involve to follow 
health and safety regulations. When these are not followed both oneself and also the others around 
you are put at risk. In addition, it should be noticed that experimental and measurement tasks also 
frequently involve the use of very expensive equipment which require a proper way of operation to 
avoid damage. Not following these procedures seriously put at risk equipment which when damaged 
might translate into very expensive and lengthy reparations. All these arguments prove the importance 
to instruct the students into the use of good practices and in this way prepare them for their future 
professional life. 

3 RESULTS 
The methodologies described above were implemented in the lab sessions of materials science 
subjects from different engineering degrees, as described in Table 2 The undergraduate students 
span from both initial (first and second) and final year (forth) courses. In order to quantify the 
improvement in the motivation produced by the first approach, the degree of participation of the 
students in answering the challenging questions was calculated. A low level (1 point) is considered 
when the student do not really make an effort to look for the right answers. A high level (3 points) is 
achieved if the student has actively search for the answers, by either spending time thinking about it, 
searching in books, internet, or by discussing with other students. A medium level (2 points) is 
considered if an intermediate circumstance occurs. An average level from each session is determined, 
and in order to obtain a result for the whole subject, which usually involves 5 or 6 sessions, the level of 
participation is averaged to all the sessions. 
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Table 2.  Subjects and degrees where the different methodologies were implemented. 

Subject name Year Degree name 

Materials I 1 Industrial design engineering and product 
development 

Fundamentals of materials 
technology and engineering 2 Chemical engineering 

Materials technology 4 Industrial technology engineering 

Fig. 1a shows the results obtained by the degree of participation in the challenging questions. A 
control group where the methodologies have not been implemented is also included. Since no 
challenging questions where applied in the control group, the average attitude of the students to 
engage in the experiments and their interest in their understanding is plotted following the same scale 
(1-low, 2-medium and 3-high). It can be observed that the implementation of the methodology is above 
the medium level in all the cases, being somewhat higher for the 2nd year of the chemical engineering 
degree. These students also show the highest increase in motivation by the application of the 
methodology (higher difference with respect to the control group). The lowest degree of participation 
(2.18) and impact of the methodology were found in the 4th year course, although it was still 
successful. It should be mentioned that typically the challenging questions are answered within 
groups, which creates scientific discussions and encourage team work and collaboration between the 
students, which is an additional advantage of the methodology. 

 
Fig. 1. (a) Average degree of participation in answering the challenging questions (1-low, 2-medium, 3-
high), and (b) percentage of occasions where the good practices in the lab have been followed, for the 

subjects of the different years and degrees of Table 2. 

The success of the second methodology (good practices implementation) was measured by the 
percentage of times that the good practices have been followed, which is obtained by, 

(times that good practices have been followed)x100/[(number of sessions)x(number of students)] 

Fig. 1b shows the percentages obtained in the different subjects of Table 2. A control group, which 
indicates the percentages when the methodology was not implemented, is also shown. A huge 
difference is observed in all cases (from 10 to nearly 100%) due to the penalty imposed by the good 
practices coefficient. The 2nd year course is the only case where 100% was not reached and 98% 
was obtained instead. This is due to one single student who left an element in the middle of the lab in 
one of the sessions. It should be noticed that in this methodology there are no significant differences 
between the different courses.  
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In order to know the degree of acceptance of the methodologies within the students, they were directly 
asked about their usefulness in a survey performed at the end of the subject. The results are shown in 
Table 3. A great level of acceptance (above 90%) was found when they were asked if they consider 
useful the challenging questions. Slightly higher level of acceptance (≥98%) was found for the good 
practices coefficient. In addition to the high acceptance level from students, they recognize the 
positive influence of the methodology on their proper behavior and attention level during the lab 
sessions. 

Table 3.  Results collected from a students survey about the methodologies implemented. 

Degree (year) Found useful the 
challenging questions 

Found useful the good 
practices coefficient 

Materials I (1) 98% 98% 

Fundamentals of materials technology 
and engineering (2) 100% 100% 

Materials technology (4) 93% 100% 

We would like to finally mention that during the implementation of the first methodology it is worth 
mentioning that when the answers to the challenging questions are collected, although they can be 
answered by a group of students, they should be answered in writing independently. Otherwise some 
students do not worry about answering and just join the general answer of their group. 

4 CONCLUSIONS 
Two methodologies were proposed and implemented in the undergraduate lab teaching of materials 
science subjects in order to improve the motivation of the students and encourage the use of good 
practices in a lab or workshop environment. The first approach consisted in launching challenging 
questions with the possibility to gain and extra point when answered correctly. This methodology led to 
a medium-high level of engagement in the lab sessions, which was previously low. As a second 
methodology, the extra point gained is multiplied by a good practices coefficient which can be 1 (if 
good practices are followed by the student during the session) or 0 (when one or more of the good 
practices are not followed). This approach was very successful and modifies the percentage of times 
that good practices are followed from 10 to ≈100% when applied. 
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