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Introduction

In the field of biochemistry and molecular biology the laboratory is the

place where the science is converted from the ideas to reality. Lab exercises

for students are therefore a crucial part for their development. In many cases

the students enter the laboratory with high interest, where they believe to

find a new world to satisfy their own curiosity and let them develop own

creativity, critical thinking and team work. The laboratory should give the

easiest way for the student’s deep learning. There is no way for the student

to fulfill the task without being active. Anyway teachers can often observe

the situation: “hands on – mind off” (Rienecker, Jørgensen, Dolin, & Inger-

slev, 2015). The reason causing this (kind of) situations might be a cognitive

overload for the student. Modifying the observation of Johnston and Wham,

(Johnstone & A.J.B., 1982), there might be different factors and combina-

tions thereof: a) unfamiliar environment and actions: the student enters with

the laboratory an unknown room with specialized equipment and behaving

rules, like safety issues. especially in facultative courses a new social envi-

ronment could also occur on top. b) untrained manual skills to perform the

experiments. at the same time the student needs to self-reflect on his own

actions. c) transfer of theoretical knowledge and resulting imaginations of

the experiment with the reality and d) keeping track of the expectations for

the experiment and the scientific question the experiment should solve. The

result is a micro-organizing student with the aim to fulfill now context-less

step by step a given recipe – the protocol for the experiment – and leave the

student on the uni-structural low level of understanding (see Structure of the
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Observed Learning Outcome taxonomy (SOLO) Biggs and Tang (2007)).

One way to reduce the student’s cognitive overload is the preparation for

the tasks before going into the laboratory (Tamir, 1989). Therefore in many

cases the teachers prepare students beforehand with handing out the pro-

tocol and having colloquia to secure, that the steps of the protocol have

been understood and the expectations for the outcome of the experiment

are clear. Nevertheless, dependent on the type of colloquia, this might not

support the student’s overall development in learning how to think scien-

tifically, improve the general ability to ask the right scientific questions,

keep the curiosity and with this the motivation to do science or the general

self-awareness. To facilitate this, Tamir proposed 1989 the concept of open

questions. The idea of this concept is quite simple. The open questions de-

mand from the student a self-elaborated and comprehensive answer. These

answers can be demanded on the level of the scientific problem (what sci-

entific question needs to be answered), on the level of “ways and means”

(how can we answer the scientific question), and on the level of the an-

swer (what is the answer?) and different combinations thereof (table 3.1). I

was interested if it would be possible to improve my own teaching by open

questions. Therefore I applied open questions for a preparation session for

the laboratory during a summer course. To get a better feeling if the open

questions indeed would change the overall learning outcome, I compared it

to closed questions approach for the laboratory preparation during the same

summer course.

Table 3.1: (according to Tamir (1989)): Level of openness in teaching in the

laboratory

Level Problem Ways and means Answers

0 Given Given Given

1 Given Given Open

2 Given Open Open

3 Open Open Open

Background, materials and methods

The comparison between the open question approach and the closed ques-

tion approach was carried out during a two weeks summer course at the de-

partment of Plant and Environmental Science (PLEN). The summer course

had the topic “protein biochemistry” and was on the master’s level. . Six



3 Improving teaching in the laboratory by open questions: A case study 33

Danish students from different study programs -nanotechnology, biotech-

nology, biochemistry and biology – participated in the course. This reflects

a quite diverse background in knowledge and experience for the students

regarding their experiences with the laboratory work. During the course the

students worked on different scientific topics, where they needed to elab-

orate different biological questions. The topics were integrated in ongoing

research projects at PLEN and had their focus on methods for the identifi-

cation of protein interaction partners and complexes. The students needed

to learn to perform the different methods in the laboratory. In the end of the

course the students were examined separately based on their performance

during a presentation in a wrap up session, and a report of the different

experiments.

To perform my study of the comparison between the open question ap-

proach and the closed approach, I gave a lab preparation session, where the

students were supposed to develop their own protocol (open question ap-

proach) and another session, where they had to discuss about a given proto-

col (closed question approach). The sessions took place at different days for

different experiments. To point out, these experiments have no connections

for their knowledge background and the master students have their basics

in their laboratory experience, it was not possible to take advantage from

the first experiment for the second one. Observations during the lessons of

the two different approaches were done by me and by two visitors (either

my university pedagogical supervisors or colleagues). For the evaluation of

the two approaches I took the observations from the lessons, but also the

students’ performance in the lab, their performance during the presentation

of the wrap up session and their method knowledge by two questions in a

written exam like form, although they were informed it is not an exam. The

written reports were not taken into consideration, because they were only

partially evaluated by me. In the lab I focused on the following points: a)

how do the students act in the unfamiliar environment with new equipment

and colleagues from different study programs? b) How are they perform-

ing manual skills and self-reflection on their own performances, c) How do

they cope with the transfer of theoretical knowledge and resulting imagi-

nations of the experiment with the reality. The evaluation for the wrap up

session was done by judgement for the completeness and clearness of the

students’ explanations according to their slides, whereas the answers of the

written knowledge questions were simply quoted as right or wrong. Finally

the students were asked to fill out a questionnaire, what they preferred as
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preparation for the lab and their impression which approach gave them a

stronger learning outcome.

The structure of closed question approach: Epitope based affinity
purification

Intended Learning Outcomes:

• How to perform the method

• What are the functions of the single steps of the method and which are

critical

• What results can we expect from this method and how can the results

be interpreted

Lesson design for the closed approach. Remark: The students needed to

read through the protocol before the session and note questions

Table 3.2: the course design for the closed approach.

Devolution Questions for the protocol Group work  students 1 min

Action Writing the questions for the 
protocol on the board Students 4 min

Institutionalization Answering the questions Students - support teacher 5 min

Devolution
Task for the students to 
explain the single steps of the 
protocol

Teacher 1 min

Action

Going through the single 
steps of the protocol, 
discussion which steps are 
made why

Group work 15 min

Institutionalization 
And summary

Evaluations and clarifications 
for the protocol

Students together with 
teacher 10 min

Devolution

Handing out the task to find 
the chemicals and 
consumables needed for the 
experiment and the safety 
rules belonging to them

Teacher 1 min

Action Finding the chemicals and 
safety instructions Group work 8 min

Break! 15 min
Lab 

Action

Prepare the buffers, 
familiarize with the 
equipment and follow the 
protocol

Group work 3x2 students/ 
teacher supervision

15min 3x5 min (5min for 
each group)

Institutionalization Sum up of the morning 10 min

In this case the idea was to activate the students for deep learning by the

discussion together about a known protocol. The “problem” as well as the

“ways and means” and the “answers” are predefined and can be checked

up in material from the lecture given beforehand. Therefore the approach is

fully closed.
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The structure of the open question approach: identification of
proteins by mass spectrometry based proteomics

Intended Learning outcomes:

• How to perform the method

• What are the functions of the single steps of the method and which are

critical

• What results can we expect from this method and how can the results

be interpreted

Lesson design for the open question approach.

Table 3.3: the lesson design for the open question approach.

Devolution (introduction) Handing out the task to 
design an own protocol to 
identify proteins by mass 
spectrometry

teacher 1 min

Action (introduction) Based on the lecture given 
before (Tuesday Wednesday)
Goal: To develop an own 
protocol for the identification 
of proteins

Group work in 2x3 people 
groups/exercise

15 min

Action Puzzle pieces with true steps 
of to get it so they can 
combine them to their own 
protocol and supporting 
questions

Group work 10 min

Institutionalization 
And summary

Discussion of the now written 
maybe different protocols 
with the whole group/ 
comparison (why are which 
steps needed, what do we 
expect to get with this 
protocol, what might be the 
biases)

Students with teacher 10 min

Action Make a list of all chemicals 
and equipment what is needed

Group work 5 min

Break! Printing out of the self-made 
protocols

Teacher 15 min

Lab 
Action Getting the chemicals, and 

equipment, telling me how to 
proceed and where to proceed

Group work 3x2 students/ 
expert participant teacher

15min 3x5 min (5min for 
each group)

Following the self-made 
protocol in groups 3x2

Group work 3x2 1,5 hours

Institutionalization Sum up of the morning 10 min

The open question approach was based on the idea that the students

should be activated by the task to create their own protocol for the identifi-

cation of proteins by mass spectrometry. Therefore the problem was given.

Anyway the “ways and means” and also the “answers” were kept as “open”

in the beginning. It was designed like a riddle, were they could ask for more

and more information. In the beginning they had only the lecture material

to decide what kind of method they would like to take. They could get then

according to the chosen method a puzzle with headings of the single steps

in the protocol (figure 3.1a). The number of puzzle pieces and headings
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were random but outnumbering the necessity of any protocol and the stu-

dents were informed about that. As a further step they could get written

supporting hints (figure 3.1b), but of course were also allowed to discuss

with me. As last step they would get again as puzzle detailed descriptions

of protocol steps, which they could align with their previous protocol steps

or reconstruct their protocol according to the new information. With this

the student decides how open or closed he/she would like to work. The aim

was in the end to get a protocol they could follow and being prepared to

perform the steps of it.

Fig. 3.1: Supporting material A: Puzzle pieces for the different protocol

steps B: Supporting questions C: Puzzle pieces with detailed explanation

of the protocol

Observation for the closed question approach

The preparation part for the laboratory went overall as designed. The stu-

dents participated actively to write questions to the board and discussing

with each other possible answers. They also discussed to find the crucial

steps in the protocol or the meaning. Nevertheless there were some impor-

tant points for me. For example the time schedule for the lesson was not
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kept in full length, because the students had fewer questions than expected,

or they decided “I think, it is enough we should know about, let’s move on”

(student’s quote). This indicated in my opinion, their aim was to fulfill the

tasks given by the teacher without larger motivation or self-interest in it.

Moreover the students preferred in many cases the action of the teacher. So

I was rather asked to explain several times the points than they would think

a little longer. “I think we will manage”, was a final student’s quote of the

preparation session.

During the work in the laboratory the students took low responsibil-

ity for their own work and showed a low self-reliance. A high degree of

teacher’s supervision was necessary to proceeding in the protocol, like for

example reminding them in which step they are now, or what they are doing.

The interaction with their colleagues and the teacher can be seen by quotes

from students: “what was meant again with. . . ”, “how have you done this

step?”, “what do we need to take first now?” They were therefore fully fo-

cused on the handling of the experiment and the teacher sometimes needed

to provide the connection between the preparation session and the labora-

tory work. During the summary session at the end of the, they were able to

recall the important functions of the protocol and the functions of the steps,

but had problems with the interpretation of the results. We could conclude

therefore: the intended learning outcomes were reached to a high extent

but not fully satisfactory. Actually this impression was confirmed during

the presentation of the wrap up session, where they were able explain very

clearly, what they have done, but couldn’t comment on the bottlenecks and

restrictions of the method and had problems to answer critical questions

about their results. The students showed the same tendency in the written

exam questions, despite the fact, that during the summary and the wrap up

session the points had been repeated. The question about the importance

and crucial steps in the protocol was answered by 4 out of 6 students, with

at least one right answer. The question for the preliminary results from the

experiment could only be at least partial answered by 2 out of 6 people.

Observations for the open question approach

As for the closed question approach the preparation part for the laboratory

by open questions, went in general like designed. Important points to men-

tion are the following: The time frame for the full open question was too

much. On the opposite side, the given time for the puzzle and the support-

ing questions was not enough. The latter took nearly twice as long. The
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students did not keep the discussion of small groups about the supporting

material, but independently extended to discussions between the different

groups. Moreover dialogue based support with the teacher was necessary

and the students wanted to know actually the solution the teacher would

choose. There was a true challenge for the students to fulfill the task (“I will

never forget this”, one student said lying exhausted with his upper body on

the table arms widely expanded). Nevertheless they worked hard on it and

none of them lost the focus. Moreover they felt proud after having managed

to get the protocol. A final quote of the session was: “Yeah, let’s go to the

lab now”. For the work in the lab they took responsibility and started for

example to self-organize between the groups. So they divided the task to

make the buffers to be more efficient and loose less material. They seemed

to foresee the steps, actions and even safety rules could be remembered,

when asked for self-reflection by the teacher. Moreover they recognized

quite often, when they had made a mistake. The questions they still had

were more confirmation of their own thoughts instead of asking what they

should think and I had even the time to coach the nanotechnology student,

who was not on the same experience level in the lab than the others. In the

wrap up session they gave a very detailed and comprehensive explanation

of the method (- actually too detailed for the time frame they had-). The

results were presented clearly and very self-confident. The written answers

to the questions for the important steps in the experiment six out of six

students came up with at least one of the right answers. The same is true

for the questions about the experiment. Of course there were differences

in the completeness of these answers, but all of them seemed to have kept

something and the intended learning outcomes have been fulfilled.

Preferences by the students for one of the approaches

Actually the students preferred the open questions approach and especially

the puzzle. All six students believed to learn more with the open question

approach. Moreover they liked to develop their own protocol step by step.

But they also believed that without supporting information it would not

have been possible for them to develop anything. When they were asked

for the support dialogue between the teacher and them, only one of the

students wanted to have short and direct answers, the others felt well with

getting additional open questions to let them think themselves further.
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Evaluation of the open question approach in comparison
to the classical approach

The two different approaches might have been influenced by day-dependent

performance differences of the students and me. Additional some influence

on the student might have been caused by me due to my excitement about

the open question approach and how it would work. Nevertheless there are

clear tendencies.

The two approaches started with the same basic intended learning out-

comes: a) How to perform the method, b) What are the functions of the sin-

gle steps of the method and which are critical c) What results can we expect

from this method and how can the results be interpreted. Both approaches

resulted in a similar learning outcome after the day in the laboratory re-

garding the basic knowledge about the protocol during the summary ses-

sion. It differed on the level of interpretation of the results, where the open

question approach resulted in a better outcome. On all further levels (the

performance in the lab, the exams and the preference of the students) the

open question approach outperformed the closed question approach. There

might be various reasons, why the open question approach has caused this.

The first one might be the different activation types of the students. The

closed question approach caused an activity, without an authentic need for

the student to be active. They could have followed the protocol without any

of the activities and might have managed to perform the protocol, although

the understanding would have been on a low understanding level (the uni-

structural level: identify, name, define mark, from the SOLO taxonomy,

Biggs and Tang (2007)). Therefore it was greater effort for the teacher to

get them on the level of the extended abstract understanding (“discuss, eval-

uate, create”) and maybe it was sometimes even not possible, as we have

seen by some of the students’ quotes. The open question approach immedi-

ately leaded to a real authentic activity. The students would not have been

able to continue in the laboratory without it. Therefore they were far more

focused. And moreover it stimulated their ambition to manage the task.

The possibility with the different levels of open questions seemed to pro-

vide them an environment, safe enough to proceeding, despite the challenge

they felt to fulfill the task. In the end of the open question approach, they

could give themselves maybe the best positive feedback they could get, a

self-made protocol, which they would indeed apply in the lab afterwards.

This in turn leaded to more self-confidence and a higher motivation to man-

age the tasks in the laboratory. The general cognitive overload during the
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lab-work seemed to be strongly lowered by the challenge during the prepa-

ration before. The possibility to take own time for the performance during

the puzzle seemed to support that, too. Despite all positive observations,

I have to mention, that scientific curiosity was an expectation not fulfilled

during this session. They were rather busy with the challenge to get any

protocol. Moreover they didn’t want to try out different things in the la-

boratory. But I hope that the given puzzle provided somehow the way of

general scientific thinking we are using every day as an example (combi-

nation of the different pieces, try out different connections and come to a

preliminary conclusion). Therefore the open question approach seemed to

provide an easy way for learning.

Finally we also might consider something else: the differences of teach-

ing knowledge, skills and competences (Christiansen et al., 2015). The

closed question approach acted mainly on the levels of gaining knowledge

and skills. But being able to take responsibility in the laboratory, as we

have seen in the open question approach, for the own experiment belongs

to the field of competences. And the students started to take already to take

responsibility after the preparation by the open question approach. This

might indicate that open question approaches deliver far easier the way to

competences than closed question approaches do.

Unfortunately and of course there are also pitfalls with the described

open question approach. They need attention to improve the approach. In

the given case, the open question approach can switch easily to a closed

one. The reason is simple. The students know the fact that a perfect an-

swer for the protocol exists and was performed millions of times by other

researchers. The students can therefore redefine - and partially they did -

the open question approach to a closed question approach by demand of

the perfect solution from the teacher. This tendency might become more

pronounced, when in the dialogue between the students and the teacher,

the teacher does not find the right balance between answering their ques-

tions and keeping the open question approach on a higher order learning

level with examining and challenging questions (Rosenkvist & Hansen-

Skoevmose, 2002). To summarize this part: Overall the open question for

this case study delivered the way to many good quality parts for teach-

ing (motivation of the students, reducing cognitive overload, feedback, ex-

tended abstract understanding etc.), and learning. Nevertheless there might

be the pitfall for the development to a closed question approach during the

session.
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Future perspectives and conclusions

This first attempt has shown the need to change the supporting material, the

supporting questions and the time schedule. I had done this successfully

in a second course after the herein described one (see Appendix A). This

helped to keep the approach open from my side and gave the students more

safety to get a good but flexible protocol setup. It might be possible in fu-

ture to extend this approach to even larger classes (up to 25). In this case it

might be necessary to include more peer review steps among the students

instead of discussions with me. Moreover an expert protocol as comparison

in the final institutionalization phase might be helpful. For classes larger

than 25 people it would be necessary to program the puzzle as a computer

game, so they can do it as an online group work and get feedback there.

Of course there are also improvements possible for the described closed

question approach. But the improvement possibilities for the open ques-

tion approach might be still even more diverse. With this I would like to

conclude that the described open questions had a positive impact on the

laboratory work afterwards and the puzzle pieces facilitated the students’

connections of the different steps in the protocol. But the puzzle pieces and

the supporting material facilitate not only the understanding of the con-

nections of the different steps in the protocol it also frames the topic the

students are dealing with. This created on the one hand a safe environment

for the students, where they couldn’t fail to prepare their own protocol, but

gives also the possibilities to the teacher to easily transfer it to complex and

expensive laboratory experiments. (For example in this case the published

expert protocol was the most expensive one, whereas all other possible so-

lutions were cheaper). Of course there is a drawback for the teacher. The

preparation for this approach is rather long. But in case of giving the course

more than once, the time is refunded. Even when giving the course only

once, the fun for the teacher to see to see the different discussion points of

the student to approach a protocol and the different protocol possibilities

might give enough reimbursement to go for it.
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