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1 Introduction

In the last few years, the structure of the physics lab courses at the VU has changed.
Previously, students were taught by the permanent sta↵ and a few assistants. With the
increasing amount of students that participate in these courses, this became too much work
for the permanent sta↵. Therefore, the students are now mainly taught by the lab assistants,
who are in turn coached by the permanent sta↵. An advantage of this system is that the
sta↵ can easily coach more lab assistants, which then allows for more students taking part
in the course.

The coaching is done via weekly coaching sessions that take place in parallel with the
lab course. These sessions serve a number of purposes. Firstly, it is intended that the lab
assistants learn some didactic skills which they can apply during the lab course. This will
improve the education for the students. Secondly, the sessions must give structure to the
lab course. Also, the sessions must ensure that all students are graded equally and get equal
chances at passing the lab course.

In the document ‘Coaching Sessions Lab Assistants’ written by G. Kuik , a lay-out for
these coaching sessions is proposed. In this article, I will try to provide a justification for the
topics discussed during the coaching sessions, based on experiences from a SBI lab course
roughly using this lay-out.

2 The physics lab course

The main goal of the physics lab course at the VU university is to teach students to inde-
pendently conduct a scientific research. This means that students have to learn a number
of academic skills. They need to be able to construct a research question, that results in
measurable quantities leading to a quantitative conclusion. Once the student has a research
question, he should be able to set up and perform an experiment. For good results, data
analysis should be performed both during and after the measurements. It is important that
students can present their results and conclusions both orally and in a scientific report.

It is the philosophy of this lab course that it is best to learn these skills by experience.
This can very well be described using the learning cycle introduced by Kolb (see for example
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‘Leren en Doceren in het Hoger Onderwijs’ by Kallenberg (dutch)). This cycle consists of
the following phases:

• Concrete experience
• Observation and reflection
• Abstract conceptualization
• Application of conclusions in an action plan

The learning process can be started in any of these four cycles. Some students like to start
with a simple trial, while other students will start by reading the manual or available theory.
For example, the first students will start with a simple trial when constructing a research
question, e.g. ‘What is the maximal power output of a solar cell’. Other students will start
by reading the manual to find the requirements for a good research question. The progress
of the students does not depend on where in the cycle they start.

There are a few requirements for the e�ciency of this learning process (distilled from
‘Experience as a base for learning’ by David Boud). First of all, the students need to be
motivated. In the lab course, this motivation can be sparked by the topic of research. If the
students are interested in the experiment, they will want to carry out a successful experiment.
This will give the students motivation to solve problems they encounter while experimenting.

The motivation ties in nicely with another requirement for e�cient learning: knowledge
of the goal of the education. If a student does not know what he should learn, he can not
work towards that goal. It is not possible to reflect on previous experiences.

Another requirement is the availability of some theoretical framework. After reflection,
the theoretical knowledge must be used to improve the action plan. It is important that
some theory is presented to the students. This is usually done in the form of articles in the
manual and on blackboard, where the student can look up the material when necessary.

Finally, the student will need some initial experiences to start working. In general, the
students have many experiences from previous education. This experience influences how
they learn from their experiences in the lab course. The introduction exercises at the start
of the lab course are used to ensure that all students have a suitable basis to start the
experiments.

Guidance of the students mainly comes in during the reflection-phase of the cycle. In the
example of the research question, students do not yet have the ability to construct a good
research question. This makes it harder to spot flaws in their research question. It is very
useful to engage in a discussion about their experiences with the teacher. The teacher, or
assistant in the case of this lab course, can help with the reflection. This allows the students
to make better improvements to their research question

The students are guided and evaluated by lab assistants, who are in turn coached by the
lab sta↵. The lab assistants can be Ph.D. students, masters students and third year bachelor
students. While some of these have assisted in earlier lab courses, most of these assistants
have no experience with guiding a lab course. A secondary goal of the lab course is to teach
these lab assistants.
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3 Coaching sessions

There are a few options to train the assistants. A straightforward option is to give a short
course in advance to the lab course. In the course of a few days, it is possible to cover a
large amount of theory concerning the coaching of students. The assistants can then try to
apply this theoretical knowledge during the course. An advantage of this system would be
that the course can be given to a large group of assistants, and it would require relatively
little time of the lab sta↵.

There are also a few disadvantages to this system, however. First of all, there is a delay
between the explanation and application of didactic concepts. The result is that assistants
will forget much of what they have learned before they can apply it. Furthermore, reflection
on the work done by the assistants will often be limited. Even if there is su�cient reflection,
it is not possible to apply conclusions following from these reflections. The result is that the
assistants do not learn from their experiences.

Apparently, it is important that concrete experience and reflection happen during the
same rough timespan. This can be achieved using weekly didactic coaching sessions in
parallel with the lab course. This limits delay between theory and application to a few days,
and allows the assistants to cycle through the learning process multiple times. During the
coaching sessions, the assistants reflect on the previous lab sessions together with the lab
sta↵. In addition, the coaching sessions are used to prepare for the next lab sessions.

For the learning of the assistants, the same requirements as those for the students apply.
There needs to be a clear goal. In the case of the assistants, this is to guide the students
in acquiring their goals. This in turn requires knowledge of the goals for the students:
construct a research question, conduct a scientific experiment, write a scientific report and
give a scientific presentation. The coaching sessions for assistants will be centered on these
four topics.

The assistants also need to be motivated, not only to guide the students in the lab course,
but also the motivation to improve their own didactic skills. In general, the assistants of the
lab course have a clear opinion on the teaching style at the lab course. This will often lead
to useful discussions about the lab course. Even if an assistant does not have such a clear
opinion, he will still participate in the discussions. In general, motivation is not a problem.
In any case, the lab course is a professional environment, so it is reasonable to expect some
input from the assistants.

Most assistants at the lab course have little concrete experience with guiding a lab course.
All assistants, however, have participated in some lab course as a student. All these assistants
have an intuitive idea of how they should coach the students. Depending on what lab course
the assistants attended, these opinions may di↵er. To ensure that the assistants start the
lab course with the same mindset and plan of action, it is important to start with a coaching
session on the structure of the lab course. This will provide the assistants with an equal
basis from which they can start learning.

Along with this basis, a theoretical framework on coaching is necessary. This should
be provided in the form a document that describes the structure of the lab course. The
document should also give the assistants some information about the guidance and evaluation
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of students. This is most easily explained using a few examples. While it is possible to give
all the information in advance of the lab course, assistants should not be asked to read
everything in advance of the lab course. It is more useful to only let the assistants read
the necessary material for one week at the time. Even then, the amount of reading should
be limited, as most assistants will not be motivated enough to read through more than ±3
pages of information each week. It is more useful to let the assistants read the basics, and
discuss the details during the coaching session.

The main topics of the coaching sessions follow from these considerations. They are:

• Structure of the lab course
• Research question
• Student guidance & evaluation (also covers ‘conducting a scientific research’)
• Reports
• Presentations

These coaching sessions are used to let the assistants reflect on their experiences as a
group. The topics and discussions are aimed to benefit all assistants. There are cases in
which a more individual kind of guidance is necessary. This can be the case when an assistant
has di�culty with some part of the lab course. For example, some assistants may find it
hard to do presentations for a group of students, or to discuss some part of the experiment
with a group of students. If the other assistants do not experience this problem, it is not
necessary to address it during a coaching session. Individual guidance during the lab session
is more useful for the assistant.

4 Structure of the lab course

The first coaching session according to Kuik focuses on the start of the lab course. This
session is special in the sense that there is no reflection to be done, because there hasn’t
been a lab session yet. However, there are many things to prepare before the start of the lab
course.

4.1 Preparation of the introduction exercises

During the first few lab sessions, students do a series of introduction exercises and experi-
ments. The exercises serve introduce a few basic concepts in physics to students. In many
cases, these exercises and experiments are centered on the output impedance of a function-
generator. Based on this experiment, students learn the basics of data analysis, using Origin
and writing a simple measurement report.

Often, the best method to prepare for this part of the lab course is simply to carry
out the experiment. This ensures that the assistants can answer questions regarding the
introduction experiments. However, this does not mean that the assistants understand why
students should do these experiment. To be able to give su�cient guidance to the students,
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the assistants need to know the goals of the introduction experiments. This can be addressed
during a discussion following the assistants’ preparation.

During this discussion, the di↵erent topics can be addressed using the questions ‘What
questions will students ask on this topic?’ and ‘What kind of answer can I give?’. For
example, students have to learn to use Origin. A student may ask: ‘How do I make a graph
using Origin?’. As there is a large chapter on Origin in the manual, and as Origin is only
used as a tool for data analysis, in this case a simple answer would su�ce.

On the other hand, if the student asks, ‘How do I measure both the current through and
the voltage over a resistor?’, a simple answer will not su�ce. The students have just read
an introduction on the topic of currents and voltages. They have also made a few exercises.
For such an experiment, they have to ask themselves ‘How can I do this?’. So in this case,
the assistant should not just give the answer. A better option would be to ask: ‘Can you
draw a scheme in which you measure the current? Can you now include a voltage meter?’
These questions can help a student to think about the problem and to solve it on their own.

The measurement report students have to write will also be discussed during this coaching
session. It is more useful to discuss what the requirements are of such a report, in stead of
asking what guidance should be given while writing a measurement report. It is the first
scientific report that students write, and the requirements are not as high as the requirements
for the later reports. Although students do not receive a mark for this report, it is still
important that the reports are graded equally. It would be useful to discuss this using an
example report from a previous lab course.

4.2 Preparation of the experiment

In addition to preparing the introduction exercises, the assistants also have to prepare the
experiments. While the introduction exercises can be prepared as a group, this is not possible
for the experiments. Each assistant has his own experiment, and per experiment, there are
only two assistants. The preparation of this experiment is usually done in pairs. It is often
not necessary to discuss this topic in a coaching session with all the assistants. It may be
useful if a member of the lab sta↵ discusses the experiment with the two assistants. During
this discussion, most attention should be paid to the first day of the experiment. The
students need to get an introduction, and they will need to do some kind of introduction
experiment. The content of this introduction, and the topic of the introduction experiment
are a good topic for discussion.

During the preparation of their experiment, assistants will need to construct a few re-
search questions, and in some cases a client question. These questions will be discussed
during the second coaching session.

5 Research Question

The second main topic discussed during the coaching sessions is the research question. The
coaching session(s) on this topic will usually take place before the start of the first experiment.
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The students are still finishing their introduction exercises. It is therefore not yet possible
to let the assistants reflect on their own experiences regarding the introduction of their
experiment, the construction of research questions and client questions.

In preparing the experiment, the assistants have made up a client question (if necessary)
and constructed a few research questions. During the coaching session, these questions will
be evaluated. How these questions are introduced to the students should also be discussed.
The client question, which is only used to spark some extra interest in the students, can
usually be given directly during the introduction. The research questions should not be
given directly, though. The students must learn to construct a research question through
experience. The assistant can steer this process by asking questions and helping the students
reflect on their trials. In some cases, it may be useful to provide a rough subject for the
research question. How this is done, will also be part of the research question.

Overall, the question that needs answering is: ‘How can I guide the students in con-
structing a research question without doing all the work myself?’. It would be useful to
discuss this using an example. As the assistants have not yet seen any examples, the lab
sta↵ should provide these in advance to the coaching session. Suitable examples could be
initial trial-questions of students from previous years. The assistants receive a set of these
incomplete research questions prior to the coaching session. Preparation for the coaching
session would be to improve these incomplete research questions, and to think of how to
guide the students in improving the research question.

Directly following the construction of a proper research question, the students start work-
ing on a work plan. As part of the work plan, they have to translate the research question
into measurable quantities. This is discussed in the second part of the coaching session. The
assistants can prepare by reading the information available in the manual and on blackboard.

In addition to the material on blackboard and in the manual, samples of work plans from
previous years should be sent to the assistants prior to the meeting. During the coaching
session, the evaluation of these work plans will be discussed. Therefore, it is useful if the
assistants spend some time evaluating the samples prior to the coaching session.

A few points regarding the work plans that are often unclear are how detailed the work
plans should be, and how much time the students should spend on it. In general, the
students have only 30 minutes to work on the work plan at the end of the first lab session
of the experiment. They have to show a complete work plan at the start of the second lab
session. The result is that very often, students spend the first hour (sometimes even more!)
of the second lab session to finish the work plan. How to deal with these situations should
be discussed during the coaching session.

While the philosophy of the lab course states that is would be best for the education of
the assistants to let them reflect on their actions in previous lab sessions. The topics in this
coaching session need to be discussed in advance of the lab session. Therefore, it is only
possible to reflect on material from previous lab courses.
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6 Student guidance and evaluation

The coaching sessions on guidance and evaluation take place somewhere in the middle of
the lab course. The assistants have had some experience with guidance and evaluation.
They have guided the students extensively during the introduction experiments, and less
extensively during the first days of the first experiment. They have evaluated the first
measurement reports, some exercises and the work plans. It is now possible to let the
assistants reflect on these experiences.

6.1 Evaluation

Ideally, the assistants have written down comments on their students about their perfor-
mance. This should be encouraged at the start of the lab course, and perhaps mentioned
again during the coaching sessions. For easy sharing and documentation of these comments,
a Google Drive document is available. In this document, assistants can write down their
own comments and read comments of other assistants. The document should be structured
such that comments can be given for each student for each part of the lab course. These
comments can then be used for the final assessment of the students at the and of the lab
course. For the assistants, it may be useful to carry a notepad during the lab sessions. It is
easy to note some comments on the notepad during a lab session. These comments can then
later be added to the Google Drive document.

During these coaching sessions, several aspects of guidance and evaluation will be dis-
cussed. Most of these discussions will be based on examples from the experiences of the
assistants. For example, the evaluation of experimental skills is discussed. Often, the dis-
cussion of initial results from an experiment with the assistant can provide insight into the
experimental skills of a student. During the coaching session, an assistant could describe
such a discussion and explain which experimental skills are visible in this example. The same
approach can be used for creativity, originality, commitment and so on.

It is not always easy for the assistants to come up with an appropriate example. The
assistant needs to have a rough understanding of the characteristic he is looking for. There-
fore, when the assistants get the assignment to find such examples, they should also get a
document which roughly describes the evaluation of students. Still, the assistants may find
it hard to come up with suitable examples. In this case, the coaching session can be started
with an example from the lab sta↵.

6.2 Discussion of initial results: guidance and evaluation com-
bined

The discussion of initial results, as mentioned before, is an important part of the experiment
that takes place around this time in the lab course. In order to check whether their work
plan will lead to a quantitative conclusion, students should do an analysis of their initial
measurement data. If this analysis does not lead to a useful conclusion, it is still possible to
improve the work plan.
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The discussion of the initial results is usually done together with the assistant. The
assistant can help the students when it comes to the reflection on their results, and it is also
a useful moment to evaluate the scientific progress of the students. A large part of the final
assessment makes use of these discussions.

A possible issue here is the distinction between guidance and evaluation. If a pair of
students has crappy initial results, the assistant will help the students to improve their
measurements. Then, more discussions follow. The question is here: ‘Should receive a bad
mark because they did not have good initial results, or should they be assessed based on
their improved results?’.

At the lab course, students are expected to learn by experience. They should be allowed
to make mistakes. In fact, if the students learn from their mistakes, they may even learn
faster than students who do not make these mistakes.

The discussion on the distinction between guidance and evaluation is very useful, and
should be encouraged during the coaching session. The problem should be explained to the
assistants by means of a few examples. The assistants can then try to find similar cases in
their own experiences. These cases can be discussed during the coaching session. This will
most likely lead to a better understanding of guidance at the lab course.

6.3 Guidance

When it comes to guidance, the first question that comes to mind is ‘How much guidance
should be given?’. In some cases, guidance can be given using a simple example. In other
cases, it is better to guide a student by giving a few hints. There are also cases where even
less guidance is necessary. A student may be able to solve his problem if he can find the
right information. In that case, pointing the student to a certain article, paper or book may
be su�cient.

It is clear that guidance can be given on many levels. At the lab course, guidance is often
limited to a bare minimum, as this will force students develop their experimental skills.
However, there are many cases in which more extensive guidance is required. The kind of
guidance required depends on the problem at hand, the importance of the subject and the
time available.

During the coaching session, some time will be spent discussing which kind of guidance to
use, based on examples from the experiences of the assistants. Therefore, the assistants need
to get an assignment in advance of the meeting. They should receive a short explanation
of the problem, in which the di↵erent levels of guidance are described. The assistants are
encouraged to think about this problem, and to find situations during the lab courses in
which it is unclear which kind of guidance to use. These situations will then provide the
basis for the coaching session.

6.4 Di�cult cases

The last subject of the coaching sessions on guidance and evaluation focuses on cases where
guidance or evaluation is di�cult. For example, this is the case when students are not
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motivated enough, or when there is a large di↵erence in the abilities of students in a pair.
Often, the way to deal with such cases is straightforward. Therefore, a written explanation
of how to handle these cases will be su�cient. The time spent on this subject during the
coaching sessions can be limited. Should the assistant encounter di�cult cases, or cases in
which the explanation is not clear, discussions may be useful.

7 Reports

The coaching sessions on reports usually take place when are writing their first report, or
when they have just finished it. In many cases, students have already had feedback on the
first version of the first report. For the evaluation of the first version, the assistants have
received the instruction to provide as much feedback as reasonably possible. This provides
the students with enough points they can improve for the final version.

For the evaluation of the final version, it is important that all the assistants grade the
reports approximately equally. This is the main goal of the coaching session on the evaluation
of reports. This is only possible if all assistants know the requirements for the reports.
Therefore, assistants should prepare themselves by reading the documents available on report
writing. It is also useful when the assistants attend the lecture give to students on writing
a scientific report.

To ensure that all assistants grade the reports on an equal basis, it is useful to discuss a
few samples from older reports during the coaching session. These samples can be provided
by the lab sta↵. If the assistants spend some time evaluating these samples prior to the
coaching session, it it possible to compare the evaluations. A second check that may be
useful is to compare the marks for the final versions. If there is a large di↵erence between
the average marks given by di↵erent assistants, it may be necessary to review some of the
marks.

In cases where there are multiple coaching sessions on the writing and evaluation of
reports, it is possible to base the second coaching session on experiences from the assistants.
Every assistant can select a few paragraphs that show (the lack of) specific academic skills.
If these samples can be shared in advance of the coaching session, assistants have the chance
to prepare properly for this session.

Another issue that can be discussed during the coaching session is how to guide students
in writing a report. This discussion can be based on the same samples as used for the
comparison of evaluations. Questions that may come forward during this discussion are
‘How much of the report do you read during the lab session?’ or ‘Do you give feedback and
guidance only when students ask for it?’.

8 Presentations

The final topic of the coaching session focuses on the presentations that students have to
give. Most of the coaching session is centered around providing feedback on the presenta-
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tion outlines students make. In this case, it is not possible to reflect on prior experiences
from the assistants. In stead, the discussion is based on examples of presentation outlines
from previous years. The assistants receive these examples prior to the coaching session, in
addition to the theory available to students on how to do a scientific presentation. There is
also a lecture on giving a presentation for the students which the assistants can also attend.
In preparing for the coaching session, it is most important that the assistants check out the
requirements for a scientific presentation. During the coaching session, these requirements
will be discussed, based on the samples of presentation outlines.

A second topic that may come up during the coaching sessions is how the presentations
should be graded. As these are oral presentations, students should receive their marks im-
mediately after the presentation. It is not possible to compare the marks di↵erent assistants
hand out. To ensure that all students get a fair assessment, it is useful to discuss what marks
are expected on average. The best way would be to show parts of presentations on film, and
evaluating these during the coaching session. However, as the presentations represent only
a small part of the final mark, this may not be necessary.

9 Final remarks

For the education of the lab assistants, it would be best to let all coaching sessions except for
the first be based on reflection of their own experiences. The first coaching session explains
the structure of the lab course to the assistants. This discussion gives the assistants a short
introduction to the didactic structure of the lab course. Following the first coaching session,
the assistants are basically thrown in the deep, to try out the guidance of students during a
lab course.

The following coaching sessions are based on reflection of the assistants. This is possible
for the sessions on guidance and evaluation of students, and partly for the sessions on writing
and evaluating reports. For the sessions on research question and presentations, it is not
possible to reflect on experiences of the assistants, as there are none. In the last cases, the
lab sta↵ will have to provide samples on which the discussion can be based. By sending
these samples in advance of the coaching session, the assistants can prepare by reading and
commenting them. In the cases where reflection from the assistants is possible, it is still
helpful to have a few examples in reserve. It is not necessary to send these cases prior to the
coaching session though, as it would be better to let the assistants try and collect their own
examples. Therefore, it is useful if the back-up examples are easy to explain to all students.

In addition to these examples, it is important to provide the assistants with some theo-
retical framework for the coaching. This could take the form of a document describing the
entire structure of the lab course. This document should also include a theoretical basis for
each coaching session. While the structure of the lab course can be described in detail, it
would be best to keep the amount of theory on coaching limited. It should be just enough
to help the assistants in identifying and evaluating useful examples for the coaching session.
Links to more extensive sources of theory can be provided, for when the assistants need a
more firm theoretical basis.
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