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Best practices for a good laboratory experience

Daniela Marocchi, Marina Serio, Marta Rinaudo
Physics Department, University of Turin, Italy

Abstract. After the investigation on students’ perception towards the laboratory activities, pre-
sented at GIREP-MPTL International Conference 2014 (Marocchi & Serio 2015), we conduct-
ed a new analysis concerning the aspects of support and enhancement of the teaching activity
in laboratory.

We investigate i) how students prepare the laboratory activities, ii) the importance of the pres-
ence of teacher, technicians, tutors throughout the entire laboratory process, iii) the usefulness
and ease of use of the informatics instrumentation.

This second phase involves first year students during the academic year 2015/16. Results of
questionnaires highlight the importance of teaching methods used, as well as of all the profes-
sional figures involved during the educational laboratory experience.

1. Introduction

The perception that students have towards laboratory activities has been presented in a previous
work (Marocchi & Serio 2015), based on results of a questionnaire for students of different ages and
school levels. In that case, we paid attention to the development of laboratory interest and capabili-
ties starting from high school up to the third university year of study. We investigated several as-
pects, such as comprehension of the physics concepts, interest in laboratory activities, complemen-
tary nature of laboratory activities and of classroom lectures. However, within the open comments
of questionnaires, other aspects seem to need further attention: for example the didactic material and
the laboratory data sheets, the preparation of students that help as tutors (in our case the tutors are
university students who help in the acquisition of data) and the presence of technicians. In particu-
lar, we want to analyse the importance of various professional figures present in laboratory and the
utility of the educational path proposed to the students: didactic and computer materials, on-line
homework, auto evaluation tests, etc...

In this paper, we examine the formative impact of student-tutors and of technicians, which in la-
boratory are complementary to teachers. Students, although they sometimes regret the possibility of
managing autonomously the practical part, are well aware of the necessity of a guide. Nevertheless, in
order to achieve maximum understanding from the students, it is crucial to know how tutors and tech-
nicians work in relationship with them. We also study the use and utility of the assessment tools in on-
going and final evaluation. Other analysed questions are about the possibility to use the instruments
and the usefulness of computer equipment.

We wrote a questionnaire for students of the first year of Physics during the academic year 2015-
2016 at Turin University (ltaly). The survey was limited to the 150 first year students in order to as-
sess also the impact from the different teaching methodologies used in high school. We also proposed
a questionnaire to the other persons that are present in laboratory during the course, i.e.: technicians
and tutors. We present and discuss here the results, in order to highlight how teaching methods as well
as all the persons involved in the experience of educational laboratory are important.
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2. Students’ opinion

The laboratory course proposed to our first year students lasts overall six months, with two periods
each lasting ten weeks and a central pause of four weeks. The contents are a theoretical part on ‘statis-
tics and data analysis techniques and a laboratory part with twelve laboratory experiences’. The pur-
pose of the experimental part is double: it gives both the possibility to apply statistical methods to real
data (instead of doing theoretical exercises on not-real data) and to verify some important laws pre-
sented in the parallel Physics course. The laboratory experiences proposed in the first and in the sec-
ond module differ in the complexity of the analysis needed to reach the results. In fact, in the first
module, the objectives of the experience are often the outcome of direct measurements; in the second
module, the results derive from many direct measurements assembled. In both cases, it is required that
the students have the capability to apply the techniques of data analysis presented during the course.
A second important objective of the laboratory activities is to increase the ability of working in-
groups, to organize the work, and to reflect on the obtained results.

We administered a questionnaire at the end of each learning period, articulated according to the
characteristics of each module. The laboratory course of the first year at Turin University is very de-
manding: 12 ECTS out of 60, which is the total number of ECTS required during the completely aca-
demic year. The difficulty is even higher given that many students have never had any experience of
laboratory activities during high school (see also Marocchi & Serio 2015).

Within the studied sample, 33% of students had never attended a laboratory activity before enrol-
ling in the university and that 13% had done some lab work but had not needed to complete lab reports
on that work; 60% had never used a spreadsheet for analysing and graphically showing the results.
Only 19% of the students said that they often wrote laboratory reports in high school. For the other
students (80%) the principal reason was that they had never gone to the laboratory or that they had
seen only qualitative experiences carried out by the teacher.

The relationship with all the people involved in the laboratory activity results are very important.
More of half (60%) of the students appreciate the availability of people like tutors and teachers, while
technicians remain marginal in their experience (Fig. 1).
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Fig. 1. Students’ opinion on availability of tutors and teachers

In the questionnaire, part of the questions concerned the general aspects of laboratory activity such as:

o the development of practical activities (such as the ability to correctly use scientific instruments,
to properly measure and estimate the error to be associated, to graphically report the results, to
critically review the results of the statistical analysis);

o the type of experience (physical laws to verify through data analysis);

o the weight of the course, in terms of time and personal student work;

o the appropriateness of lesson’s contents for the performance of the experiences.
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Fig. 2. Student’s opinion related to general aspects of laboratory activities

Some aspects (Fig. 2) are judged partially inadequate (from 15% to 22%): in particular the time
spent for writing the reports, the little autonomy in managing the experiments and the appropriateness
of the explanation provided during the lessons for the implementation of the laboratory experience.
Our considerations as regard these critical points are:

It is the first experience in report writing for many students, so they perceive the report prepara-
tion to be hard and laborious, both in the first and in the second writing after the teacher correc-
tion. In fact, it often requires revisions concerning not only numerical data but also linguistic
expression in the scientific field.

As for the autonomy, taking also into account the poor experience of the students and the com-
plexity of the used instrumentations, the proposed experiences require a tutor for the experi-
mental part and the presence of the teacher for the robust analysis phase.

Appropriateness of the explanations provided during the lessons is a very delicate point. The
theoretical presentation of the experiences takes place before the start of the laboratory sessions.
Since it is impossible to move the instrumentation into the classroom or to be in the laboratory
with the students, it is very difficult to provide operational details. Moreover, due to the number
of students, shifts have to be established and a part of the students performs the laboratory expe-
rience even a few weeks after the explanation.

A self-assessment questionnaire was prepared for each experience with 5-6 multiple-choice
guestions and immediate feedback. In the questionnaire are non-present open questions because
they require a longer time for compilation. Questions concern the goals of the experience and
some of the operating procedures presented in the lessons. The student must answer the ques-
tionnaire before going to the lab. Students also evaluate this self-assessment activity: 80% of
them (Fig. 3) consider the self-assessment questionnaires and the feedback useful to help the re-
view of the lessons. The questionnaires are now under review to improve clarity.
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Fig. 3. Student’s opinion on self-evaluation questionnaires regarding laboratory experiences

Satisfying B Indifferent M Unsatisfying

100% 1T e
90% T— —
80% T— —
70% T —
60% -
50%
40%
30% -
20%
10%

0% -

Logistical ~ Software for ~ Logbook  Group work Group
arrangement  analysis editing dimension

Fig. 4. Student’s opinion relative organizational aspects of laboratory activities

Finally, we investigated some organizational aspects of the laboratory (Fig. 4): the logistic ar-
rangement, the group-working mode, the logbook editing and the software for the analysis. The two
aspects considered inadequate by more than 10% of the sample are logistics and logbook editing. In-
deed, during the 2015-2016 courses, the Department considerably rearranged the spaces reserved for
the laboratory, with a real discomfort for both students and teachers. As far as the logbook is con-
cerned, many students are not accustomed to report in a concise but complete way what happens dur-
ing the experience. They often consider only important to record the numeric data directly on Excel
spreadsheet or Mathematica notebook to make analysis with the computer. Hence, they usually forget
to note details that may be useful during the analysis phase, the discussion of results and the critical
conclusion of the work.

3. Tutors’ opinion
Tutors are bachelor or master students in Physics who receive a scholarship to assist students in the
laboratory practical tasks, since teachers cannot follow all the students at the same time.

During the academic year 2015-16, half of the student-tutors had performed this task for the first
time.

Before the start of the course, they attended an educational training on technical aspects of the la-
boratory experiences, which is their main task. This preparation period is brief but balanced. Moreo-
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ver, technicians are available to help with every technical problem encountered during laboratory ses-
sions. Furthermore, students know that, as for problems in the analysis of measured data, they have to
refer to the teachers. Tutors' opinion on the effectiveness of this initial training is not uniform: half of
the student-tutors think to be not able to explain the importance of some measure procedures (50%), or
to clarify the in-depth analysis (88%) that students are requested to do, or to have the correct didactic
approach.

The work of the student-tutor does not only represent a source of help for teachers and technical
staff. There is a common understanding (71%) that it can also be an important formative training for
those students who become tutors. So many student-tutors ask a specific formation in software and in
didactic procedures. They express that, by being tutor, they have a deeper comprehension of physics
topics and that they have the opportunity to became leaders of a working group. Some students that
work as tutors perceive as important also a specific training on didactic aspects because they are inter-
ested in understanding better the work of a teacher. These answers reveal the usefulness of this experi-
ence for their future working choices.

Students often require to tutors
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Fig. 5. The figure shows the different type of request from students to tutors during first
and second part of laboratory course

With regard to the differences observed during the two course modules (Fig. 5), tutors reveal that
during the first part of the laboratory sessions they often have to encourage students at their first labor-
atory experience (58%). Instead in the second part of the course the more important role is a guide
during the technical operations (63%) because of the greater complexity of the experimental task.

Tutors positively note the presence and efficiency of technical staff during the laboratory sessions
(71%), and the availability to give further indications (83%). Tutors have noticed the revised laborato-
ry-sheets (100%), the clarity of instructions (83%), and the availability of the teachers to explain in
depth the practical tasks relative to the laboratory activities (67%). They have (50%) an uncertain
opinion on the teacher's availability to give educational didactic training; therefore, this point needs to
be improved.

4. Technicians’ opinion

Persons who have PhD in Physics and participate to research groups in Physics Department compose
the technical staff for this laboratory course at Turin University. Therefore, they are very special per-
sons. Their role includes i) the correct preparation of instruments and ii) the technical formation of
tutors (Fig. 6).
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Fig. 6. The figure shows what technicians think about their laboratory task

Even if technicians say that the didactic laboratory is a very interesting task (100%), they also de-
clare that it is not satisfying their expectations and capabilities. Moreover, they (60%) desire more
knowledge in educational subjects and a greater didactic collaboration with teachers (60%) in order to
be familiar with the educational objectives of various laboratory experiences. Furthermore, technicians
(80%) propose to have a wider possibility of interaction with students, not only with tutors.

5. Materials

In order to focus on the materials that we used as support for the teaching activity in laboratory, we

inserted in the questionnaire for students several questions on laboratory materials and on procedures
Students think (80%) that the didactic material (available on e-learning platform Moodle) has good

guality and that it is complete (Fig. 7).

33,4%-66,7%

66,8%-100%

Fig. 7. Students’ opinion on didactic material is essentially good

One element of paramount importance for a positive laboratory activity is the preparation of stu-
dents before the laboratory sessions. Moreover, it is also an important factor for the success of the
experience. Some instruments used in didactic environment are self-evaluation tests, online exercises,
open questions, etc. In particular, students have the possibility, before the laboratory session, to read
the monograph, which reports the physics of the experience and some technical procedural notes. This
material is available on-line. Among the students, 90% use the monograph and 82% answer to self-
evaluation tests, 72% reads lesson notes and 64% asks for information from other students that have
previously done the same experience.

In order to test the competences acquired, we have prepared multiple-choice on-line tests for every
experiment: students had to answer to these questions before the laboratory session. Feedback helps
(87%) students to evaluate their preparation: the time needed to answer is not too long (87.5%), so
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they can easily do it after the class lesson and before the laboratory session. About 57% of the sample
judges that some questions are not sufficiently clear. Hence, teachers will have to make an effort in
revising them. The mark of these tests does not enter in the final valuation, but we note that they are an
important incentive to increase the attention of students, which feel interested in going more prepared
to laboratory. The tutors (83%) who noticed an improvement in students’ competence after the use of
multiple-choice tests have confirmed this impression also.

We thought the auto-evaluation tests to prepare students before the laboratory work and the ques-
tions essentially concern the method with which they have to operate. Students considered them useful
also for the preparation of the final exam (87%), but some students say that they would prefer tech-
nical questions (27%) or questions of physics (48%).

We note a correlation between a good and regular execution of the multiple-choice tests and exam-
ination result. Tablel shows that all the student of the course that had the maximum results (30 cum
laude in Italian University) did well all the auto evaluation tests. At the same time, none of the stu-
dents with bad results in the auto evaluation tests has reached the maximum examination result; Fig. 8
shows the results for student of the B course versus the number of auto evaluation tests completed.

Table 1. Number of valuation 30 cum laude during the exam (maximum evaluation in the Italian Uni-
versity) versus number of well-done auto-evaluation tests (course A)

number of well-done number of valuation:
tests 30 cum laude
0 0
1to3 0
4t05 0
all 6

In addition, students considered the correction and the return of the first three laboratory reports be-
fore the final report useful for a good preparation (96%), but part of the students (25%) encounters
difficulty to complete the reports during the didactic period.
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Fig. 8. Results of the examination versus the number of auto-evaluation tests done (course B)
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6. Conclusion

We have examined, through a questionnaire offered to 150 students, student-tutors and technicians, the
importance of all the professional people involved during didactic laboratory sessions. The results of
the questionnaire have stimulated a reflection on formative activity, so we have introduced some good
practices in the course during the present academic year: we present them briefly, considering them
useful for teachers in their work in class.

In the course, students appreciated the type of physics experiences proposed, the development of
practical skills, their increase of informatics capabilities by using PC for the analysis of the data, group
work and availability of tutors and teachers. For 33% of them this course is the first laboratory activity
and 60% of them had never used a spreadsheet for analysis nor have used graphics to show some re-
sults. For this reason, students have many difficulties in writing the reports. To support them in this
task, we have prepared for the first experiment an online format in which student can insert data, re-
sults, comments, and in-depth analysis. We organized the format in sections that correspond to the
different items of a scientific report, so it can help as a guide for the writing. Therefore, we will pro-
vide the students with some old reports and the revision form used by teachers for correction and eval-
uation. In this way, students can see what the teacher looks for in the text and in the analysis. They can
use the form to mark the old report and then as a guide to correctly compose their own.

The importance of a loghook and of its correct compilation will be highlight during lessons and tu-
tors have to control its proper use. During the pause between the first and the second module, the
teacher marks the logbook and gives it back. In the future, we think it will be useful to consider tools
such as Google Drive or Google class, to share online files and generate an e-logbook easier to man-
age. The high number of students attending the course is currently the greatest limitation of this solu-
tion.

The work of the student-tutor not only acts as a help for teacher and for technical staff, so the use
of student-tutor has to be encouraged. There is a common understanding (71%) that it can also be an
important formative training for those students who become tutors. So many student-tutors ask
a specific formation in software and in didactic procedures. To improve the tutor training, we decide
that each tutor becomes an expert on one of proposed laboratory experiences. The training ends with
a presentation of the experience made in front of the teacher before the beginning of laboratory ses-
sions. During this presentation, the teacher also discusses with the tutor the didactic aspects of the
experiment.

All the technicians say that the didactic laboratory is a very interesting task; furthermore, they want
a greater didactic collaboration with the teachers (60%) in order to be familiar with the educational
objectives of various laboratory experiences. Therefore, we engage also the technicians, interested to
deepen the didactic content of the experiments, in the final step of tutors’ training.

Students substantially appreciate (80%) the laboratory team and the quality of materials offered on
Moodle platform. We note that auto-evaluation tests are a good instrument for student's preparation
before the experiments, but students considered them useful also for the preparation of the final exam
(87%) and we note a positive correlation between a good and regular execution of the multiple-choice
tests and examination results. A statistical analysis has shown which pre-experience questions are less
clear. We have set up a review of the questions and subjected the new versions to a small sample to
verify the clearness of the text, with particular attention to the formulation of the incorrect answers.
During the laboratory session, the teacher shows and discusses with the student wrong answers in or-
der to strengthen the effect of automatic feedback. Just at the start of the first period teacher informs
the students that every partial evaluation is important for the final one. Therefore, we want stimulate
a regular study. We are now developing an appropriate evaluation form to take into account all the
partial results correctly.

The relationship with high school teachers is very important to support them in the hard work of
moving their student close to the physics laboratory activities. The starting situation revealed by the
questionnaire push us to share our formative thoughts with high school teachers, to encourage them to
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a greater use of laboratory teaching, and in November 2017, we realized a meeting where we have
discussed with them the problems encountered during laboratory activity.
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