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ABSTRACT
The cookbook style experiments of the ionising radiation practical (closed ISP) have been used for 40
years by 350 schools in the Netherlands annually. Ten “open ISP” experiments were developed in
2012 to meet the desire from teachers for more discovery based learning in these experiments. First,
this study tries to connect this desire to a growing body of research that advocates guided discovery
learning. Secondly it measures the conceptual learning as a result of participating in the open ISP
compared to the closed ISP of 42 exam year students in three different high schools throughout the
Netherlands using a pre and post test. Thirdly it records the experiences of teachers and students to
inform the interpretation of those results using questionnaires and recorded student teacher
interactions.
A method for guided discovery learning in practical laboratories was found that emphasizes a good
preparation by student and teacher, an awareness of the scientific aim and didactical purpose of the
laboratory and meaningful guidance and feedback during the preparation and execution of the
laboratory.
A significant increase (p=0,021) in test scores was measured after participating in the ISP. There was
however no significantly greater(p=0,595) increase between the open and closed variants. The effect
size, Cohen’s d, of the open ISP (d=0,564) was slightly greater than that of the closed ISP (d=0,360).
However, because of the small sample size this is not a very powerful result.
A qualitative analysis of the questionnaires and student teacher interactions shows that students
which participated in an ISP that followed the guided discovery guidelines felt more challenged, spend
less time on the actual experiments and showed greater motivation to do guided discovery learning in
the future. Unfortunately, the pooling of all schools to increase sample size led to a mediation of the
test results from students so no connection to increased conceptual learning can be shown.
This study recommends that the number of open ISP experiments be increased and that teachers be
given all the tools they need to effectively use guided discovery learning to increase conceptual
learning.

Master thesis by Bart Janssen (UU: 3642089)

2

Increased conceptual learning through a guided discovery 
approach 
of the ISP

1 INTRODUCTION
When in the 1960’s and 1970’s ionizing radiation
became a bigger part of popular culture it also
became part of the dutch high school curriculum.
Many schools struggled to produce interesting yet
safe experiments to demonstrate the key concepts of
radiation and Xrays. Not all the experiments
designed by schools could be considered safe for
students to work with. To deal with this unsafe
situation the Dutch government changed the law and
permit structure for schools to handle radioactive materials. This meant that most schools could not
maintain their own supply of radioactive materials. As a safe way for high school students to still be
able to experiment with radioactive materials a mobile laboratory was established by the University
of Utrecht in 1972. The mobile practical, called “Ioniserende Straling Practicum (ISP)”, was made to be
self guided for the student so that the student could gain meaningful and real experience with
radioactive materials and concepts. This handson approach for the students was seen as an
improvement over the more passive demonstration style lessons of the past.
Over the years the ISP was expanded and now, in 2016, there are 23 different experiments that can
be done spanning four categories: half life, absorption, Xrays and a spare category for miscellaneous
topics like the Wilson chamber or the backscattering of β particles. Usually a student dyad will
choose three to four experiments to do in a one and a half to two hour period. To facilitate a self
guided experience the experiments were designed to be done by students using a fill out worksheet.
This worksheet is a step by step guide to do the experiment. An example of one of these fill out
worksheets can be found in the appendix A. Usually there is no preparation or much prior knowledge
needed to complete one of these worksheets. This approach with a worksheet can make the
experiments feel like a recipe that has to be followed. That is why experiments with such a fill out
sheet and step by step instructions are sometimes called cookbook experiments
In the decades following the creation of the ISP these cookbook experiments have met some critique
in the physics education research field. According to Arons (1997)and Stinner(1992) these cookbook
type experiments do not help students with understanding physics concepts. In other studies the
main concerns of students are addressed: “the fundamental concern of many students while in the
laboratory is completion of the task, this concern can overwhelm any serious learning possibilities”
(Edmondson & Novak 1993; Berry, Mulhall, Loughran, & Gunstone, 1999a, 1999b). In this paper the
old, cookbook, style ISP will be referred to as the “closed” ISP.
In a 1999 report by the Stichting Leerplan Ontwikkeling about the feasibility of and experiences with
the ISP specifically, teachers and users of the ISP were very satisfied with its structure, didactical
approach and execution. However a few teachers said there was a need for a more open variant.
These teachers wanted a more modern approach to the experiments that would take into account the
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developments in physics teaching (Hulsbeek, Meijerink, Schurink, & Wiegman, 1999). As a reaction to
this report Koos Kortland, former leader of the group that organises the ISP, and Rob van Rijn have
developed a few experiments that can be done on the existing experimental setups but have lost the
cookbook style. These were first tested in a small scale bachelor research by Blasse in 2011. She
developed and tested a procedure of execution for the teacher and a set of information sheets with
which the students could prepare themselves for the ISP by making a research plan that had to be
discussed with the teacher. In this paper these revised experiments will be referred to as the “open
ISP”.
The research done by Blasse was a small (two school and 18 students) design based research with as a
main research question: How should a well functioning open ISP be designed? What should be the
content and how should it be organised? In her report she proposes various steps to improve the ISP
as to make it easier for the students to complete the experiments in a way that they get actual results
and learn something new while still being able to do them autonomously. She also proposed ways the
teachers could better help the students and how the could keep the extra work introduced by the
open ISP to a minimum. Her recommendations were taken up into the design of the open
experiments and guiding documentation. She also tried to assess the learning effects of the open ISP
by asking what the students had learned in a questionnaire. This study also aims to further assess
these learning effects with a larger sample and a control group.
Goal and research questions
The goal of this study is to firstly expand on the theoretical background given by Blasse to try to
explain why an open ISP might increase conceptual learning and what it needs to look like for it to be
effective. Secondly, an empirical study be performed to detect any advances in conceptual learning by
the students as a result of the open ISP compared to the closed ISP. Lastly, student and teacher
experiences are collected to inform the interpretation of the results. This leads to the following four
main research questions:
1. How do teachers experience the preparations for the open ISP and the coaching of the
students before and during the lab work.
2. How do students experience the preparations for, execution of, and reporting on the open
ISP.
3. Are there indications of enhanced conceptual learning as a result of the open ISP in
comparison to the closed ISP.
4. Are there ways to increase the effectiveness of the ISP in the future with regard to conceptual
learning and research skills.
Chapter 2 discusses the theoretical background of a more guided discovery physics practical. Chapter
3 outlines the used methods in answering the research questions. Chapter 4 reports the results from
the taken surveys, observed questions during the ISP and the results from the pre and post test.
Chapter 5 discusses these results and their implications and limitations.
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2 THEORETICAL BACKGROUND
In this chapter the literature about student engagement and learning effect due to a more open
Physics laboratory will be explored. First the need for a more open ISP is discussed and then the limits
to the openness.

2.1 Between a cookbook and pure discovery
The closed ISP experiments tend to be very structured and completely guided. These types of
experiments are sometimes called cookbook laboratories. In the introduction it has already been
mentioned that students are more concerned with completing the task than to actually learn
something. Redish explains what the downsides are of such a style of lab:
The lab is the single item in a traditional physics course where the student is expected to be
actively engaged during the class period. Unfortunately, in many cases the laboratory has
turned into a place to either "demonstrate the truth of something taught in lecture" or a place
to "produce a good result". The focus in both of these cases is on the content and not on what
might be valuable for a student to learn from the activity. In the USA, "cookbook" laboratories
 ones in which highly explicit instructions are given and the student doesn't have to think 
are common. They are unpopular with students and tend to produce little learning (Redish,
2000, p.10).
A way to focus more on the learning goals of a laboratory could be structured in a way to make the
students feel like actual scientists making a discovery or as Deacon and Hajek put it:
Laboratory activity should not focus explicitly on scientific concepts at the beginning, but on
structured discoveries which provide the opportunity for students to discover physics rules for
themselves. This approach, according to the authors, will give students the ability to develop
an intuitive understanding of what a scientific approach is about and, equally important, to
experience how it feels to be a ‘knowledge creator’ rather than a ‘knowledge consumer’
(Deacon & Hajek, 2011, p946).
This focus on scientific process reality is often called discovery learning. There are however problems
with a purely discovery based laboratory.
Pure discovery—even when it involves lots of handson activity and large amounts of group
discussion—may fail to promote the first cognitive process, namely, selecting relevant
incoming information. In short, when students have too much freedom, they may fail to come
into contact with the tobelearned material. There is nothing magical to insure that simply
working on a problem or simply discussing a problem will lead to discovering its solution. If
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the learner fails to come into contact with the tobelearned material, no amount of activity or
discussion will be able to help the learner make sense of it (Mayer, 2004, p17).
This is what Blasse encountered in an experiment where without enough prior knowledge a dyad of
students never came to a conclusion that was one of the goals of that particular experiment. Mayer
continues to explain that although a more constructivist approach to experiments is not necessarily
wrong.
Yet the failure of pure discovery as a method of instruction does not necessarily mean that
constructivism is wrong as a theory of learning or that handson activity is necessarily a wrong
method of instruction. A basic premise in constructivism is that meaningful learning occurs
when the learner strives to make sense of the presented material by selecting relevant
incoming information, organizing it into a coherent structure, and integrating it with other
organized knowledge. It follows that instructional methods that foster these processes will be
more successful in promoting meaningful learning than instructional methods that do not.
(Mayer, 2004, p17).
Instead of just going through the motion of a researcher as in a cookbook style experiment a learning
activity that actually is meaningful contains cognitive activities such as selecting, organizing and
integrating knowledge (Mayer 2004).
Instead of depending solely on learning by doing or learning by discussion, the most genuine
approach to constructivist learning is learning by thinking. Methods that rely on doing or
discussing should be judged not on how much doing or discussing is involved but rather on the
degree to which they promote appropriate cognitive processing. Guidance, structure, and
focused goals should not be ignored (Mayer, 2004, p17).
This guided approach to discovery is of the called guided discovery and is well explained by Janssen,
Westbroek and Van Driel (2014):
The common aspect in different Guided Discovery Learning (GDL) practices is that teaching
starts by posing a challenging problem, and that students themselves contribute to the
knowledge development needed to solve the problem (HmeloSilver et al. 2007). When
students receive sufficient support in developing the necessary knowledge, GDL can help
them to become more motivated, develop flexible knowledge, and learn how knowledge is
developed in a specific domain (Janssen, Westbroek & Van Driel, 2014, p68).
The importance of the meaningfulness of the laboratory is confirmed by Deacon and Hajek (2010):
there is a growing sense that learners learn by solving real and meaningful problems. The
laboratory can provide such opportunities for students if the teacher provides meaningful
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investigations upon which they can construct scientific concepts within a community of
learners in their classroom (Deacon & Hajek 2010 p.946).

2.2 Guided discovery
To apply Guided Discovery Learning as proposed by Janssen et al., a number of important factors can
be identified:

Preparation and Content Knowledge
● “The extent to which students know the content knowledge assumed by laboratory activities
(students with little or none of the assumed content knowledge find it difficult to derive any
meaning from the activity or their results)” (Hart et al., 2000, p662).
● The degree to which students are prepared to participate in an experiment will impact their
understanding of its purpose, their ability to complete it on time, and their enjoyment. When
a concept is not taught in the classroom prior to conducting an experiment on that concept,
students are more challenged to understand the theory and methods used (Deacon & Hajek,
2010, p962).
● Providing direct access to domain information seems effective as long as the information is
presented concurrently with the simulation, so that the information is available at the
appropriate moment (De Jong & Van Joolingen, 1998, p193).

Knowing the aim and purpose of a laboratory
● The extent to which students are aware of the aim of a laboratory activity and the pedagogical
purpose within their current science learning (students make better sense of what they are
doing when they are aware of the aim and the purpose) (Hart et al., 2000, p662).
● Providing learners with assignments (or questions, exercises, or games) seems to have a clear
effect on the learning outcome (De jong & Van Joolingen, 1998, p193).

Feedback, reflection and modification of ideas
● “If students’ understandings are to be changed toward those of accepted science, then
intervention and negotiation with an authority, usually a teacher, is essential” (Driver, 1995).
● “We also identified the important role of the teacher in clearly articulating the purposes of a
laboratory task and encouraging students to make links between their laboratory work and
concurrent science class work.” (Hart et al., 2000, p662)
● When laboratory experiences are integrated with other metacognitive learning experiences
such as “predict–explain–observe” demonstrations, etc. (White & Gunstone, 1992) and when
they incorporate the manipulation of ideas instead of simply materials and procedures, they
can promote the learning of science (Deacon & Hajek, 2010, p962).
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● There is a need to provide students with frequent opportunities for feedback, reflection, and
modification of their ideas. Moreover, there is a growing sense that learners learn by solving
real and meaningful problems. The laboratory can provide such opportunities for students if
the teacher provides meaningful investigations upon which they can construct scientific
concepts within a community of learners in their classroom (Deacon & Hajek 2010, p962).
● We suggest that laboratory activities should engage students in making choices based upon
physical principles and receiving feedback about those choices. Observing performance
related feedback amounts to finding the tracks of that otherwise elusive creature, interactive
engagement. It’s not just the gadgets, it’s how you use them that counts (Royuk & Brooks,
2003, p324).
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3 METHOD
3.1 Demographics
Four schools participated.
School 1:
Location:

South of Limburg, small rural town, students from a wide region.

Students:

1300 total students, available grades HAVO, VWO, Technasium

Remarks:

This school was a Technasium school with a heavy focus on research. Students were
trained to always have a measurement plan/sheet whereupon all data could be
recorded. No measurement sheet meant that the students couldn't participate in the
experiment. These students were best prepared for the ISP and spend less time on the
open experiments than on the closed experiments.
Unfortunately the data that as collected after the ISP visit was lost in the mail. That
meant there were no C and D questionnaires and no posttest. Their pretest data was
not used in the test data analysis. The data from questionnaires A and B however
where used qualitatively.

School 2:
Location:

province of Utrecht, midsize town next to Utrecht city

Students:

1650 students in total, Available grades: VMBO (G)T, HAVO, VWO

Remarks:

At this school the teacher was most enthusiastic about the open ISP. He put in most
time in the preparation and made sure the students didn’t only understand the aim
but also the purpose of the experiment.

School 3:
Location:

South Holland, Big City

Students:

1100 in total, available grades HAVO, VWO

Remarks:

At this school the students and teacher were least prepared. The students didn’t spend
much time on a research plan and usually had no measurement plan. They also had to
ask a lot of questions during the ISP.
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School 4:
Location:

Small rural town in the south of South Holland, Students from a wide region.

Students:

A total of 1500 students, with all high school levels available.

Remarks:

At this school, the teacher was very directive and helped the students during the
research plan meeting with directive feedback on what to do instead of asking
questions as to preserve the openness.

Table 1: Characteristics of participating schools
The four physics teachers of these four schools all had experience with the closed ISP. Each of them
gathered 4 to 5 student dyads to prepare a research plan for one of the ISP experiments suited for the
open approach.
In total there were 83 students that participated in the open and closed ISP. Of those 83 students
there were only 42 complete datasets. The complete set of post tests and closing questionnaires of
one school were lost in the mail. The rest of the incomplete datasets were caused by illness of the
students during one of the tests or the experiment. 23 of these 42 students participated in the open
ISP. Of those 42 there were 14 were female and 28 were male. All of the students were in grade 6
VWO.
Male

Female

Experimental
group (open ISP)

18

5

23

Control group
(closed ISP)

10

9

19

28

14

Table 2: control and experimental group demographics
Of the 21 students that participated in the experimental open ISP group 12 indicated they had been
given the choice and had chosen to be in the experimental group.

3.2 Intervention  the open ISP
For practical reasons the open ISP experiments are based upon the existing experimental setups. The
experimental setups are the same. The only difference being the worksheet or research guide they
received. Ten of the original 23 experiments were adapted by dr. J. Kortland of the Freudenthal
institute to be more open. The experiments that were adapted were chosen from all categories.
(Blasse, 2011 & Freudenthal Institute, 2015).
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1 penetration depth of αparticles in air
2A Radioactive decay of Radon220 wit an ampmeter
2B Radioactive decay of Radon220 wit an x,t plotter
4 backscattering of ßparticles
5 Absorption of ßparticles by aluminium and perspex
8 Radiation Intensity and distance
12 Absorption of γradiation by lead
18 Elastic modulus of rubber
19 Penetration depth of αparticles dependent on air pressure
20 Radioactive decay of Protactinium234
The students participating in the open ISP chose or were appointed one of the open experiments
about 2 weeks before the visit of the ISP to their school. They would receive a research guide for their
particular experiment. This research guide also started with the aim of the research, a description and
a schematic depiction of the experimental setup, just like the worksheets of the closed ISP. From
there the research guides differs from the worksheets. The students were asked to write their own
research plan with their own research question and with a researched hypothesis. When possible they
were also asked to sketch a possible diagram of the relationship. Lastly they needed to write a
measurement plan that should take safety and background radiation into account.
At least a week before the ISP the students were invited for a research plan meeting where they could
get feedback from their teacher or technical education assistant (TOA). In this meeting the teacher
was asked to refrain from directive comments but to use the socratic method as to maintain the
openness of the ISP. The teachers were provided with a manual for each of the experiments so they
were able to see if the student’s research plan was complete and, if necessary, quickly ask the right
questions to steer the students into the right direction. With the received feedback the students can
alter or complete their research plan that they can then execute on the day the ISP visits their school.
After the students have done the measurements and processed the results they could be asked by the
teacher to do up to three more closed experiments. This way the students can complete an
experiment from all four categories and they were also able to compare the experience of the open
vs. the closed experiments.
After the ISP the students were asked to write a rapport on the open experiment. In the research
guides of some of the experiments the students are asked to explain the origin of a particular
relationship or to calculate a specific value. The report is they handed in to the teacher. The teacher
may decide to give a grade or a completion mark or nothing at all for completion of the report.

3.3 Instruments
In this section the instruments used to answer the four research questions will be covered.
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Pre and Post tests
To measure effects on learning domain knowledge, parallel pre and posttests were developed.
The tests consist of ten items each, covering the topics of absorption, half life and Xrays.
The questions on the pre and post tests were the same with multiple choice answers rearranged
and other values for the questions were calculations needed to be done. The test questions
were based on example questions provided by dr. J. Kortland. The example questions were
specifically designed to test the effectiveness of the ISP on the increase conceptual
understanding. Some of these questions were designed to be used in the new physics book
Newton and Impact by ThiemeMeulenhoff.
The pre and post tests were filled out by all students of the control group and the experimental
group. These tests are added in appendix B and C.

Recordings
The research plan meetings with students in the experimental group of all four schools were
recorded in order to qualitatively answer research questions 2 and 4. The meetings were
analysed for directiveness of the teacher and how well the students were prepared before this
meeting.
During the ISP the questions the students had were recorded as to asses how much they
needed help and the things that the students needed help with during the ISP.

Questionnaires
To measure the attitudes of students and teachers with respect to the open ISP four
questionnaires for the teachers and four for the students in the experimental group were
designed. These questionnaires are added in appendix D and E.
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Timing of instruments

Timing of questionnaires and tests
Teachers activities

Students activities
Pre test
Writing research proposal

Questionnaire A

Before meeting

Questionnaire A

Before meeting

Short research proposal meeting with teacher feedback
(recording)
Questionnaire B

For each group

Questionnaire B

Immediately after meeting

ISP: Ionising radiation practical
(recording of questions)
Questionnaire C

Immediately after ISP

Questionnaire C

Immediately after ISP

Writing of a rapport
Grading rapport
Questionnaire D

Post test
Questionnaire D

Immediately after post test

Table 3: Timing of measurements before, during and after ISP. Only the pre and post test were
administered to the control group.

Answering the research questions

Table 4 shows what instruments were used to answer the research questions.
Instrument

Research question →

1

2

3

Questionnaires

x

x

Recordings during research plan meeting and questions

x

x

Pre and post test
Literature research

4

x
x

Table 4: Answering the research questions with instruments.
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4 RESULTS
All quotes in this chapter were translated from dutch by the researcher and checked by a high school
English teacher for correctness.

4.1 Pre and post test results
First, analysis of the pre test results was done. There was no significant difference (t(42)=1.572, p =
0.124) between the results of the students in the experimental group (open) and the control group
(closed). This is supported by the fact that there is 
no statistical difference
(t(36)=0.730, p = 0.470)
between the subject (physics) grades of the students doing the open and closed variants.
Second, a mixed anova was used to determine if there is a significant interaction between the open
ISP and the results on the pre and post test. 
The results
show there is a significant increase (p=0,021)
between the ISP in general (open and closed) and increased results on the post test. However, there is
no significant interaction (p=0,595) between the open variant ISP variant and increased results on the
post test.
Descriptive analysis

Mean test
score

Standard deviation

N

Pre test

Closed
Open
total

0,4679
0,5361
0,5053

0,15258
0,12788
0,14205

19
23
42

Post
test

Closed
Open
total

0,5180
0,6150
0,5711

0,12414
0,15095
0,14621

19
23
42

Table 5: pre and posttest results descriptive analysis
Another observation is that although there is no significant effect of the open variant on the results
we see that the average score on the post test of the students doing the open ISP are higher (0,6150)
than that of the group doing the closed variant (0,5180). When we calculate Cohen’s d to assess the
effect size for the open ISP we find :
d

r

open

0,564

0,271

closed

0,360

0,177

Table 6: Effect size with Cohen’s d
This shows that the effect size of the open is larger than that of the closed ISP and for both the effect
size is small to medium.
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4.2 Pre ISP observations
In this section the results from questionnaire A and B from the students in the experimental group
(open ISP) and the teachers will be discussed.
Teachers ● All teachers say the students preparing to do an open ISP had “trouble to understand
what is asked of them” and that students had a hard time to imagine what the aim of
their research was. A teacher said: “the aim is not clear for the students”
● Some teachers also indicated that some students did not have a “well argumented
hypothesis or clear research question”.
● Another teacher said some students “didn’t think of a measurement plan”
● One of the teachers mentioned that “the students have no idea on how many times
they should/can measure. Others simply “didn’t think about a research question and
the processing of data” according to a teacher.

Students

● Students think it’s hard to “imagine what [they] exactly will have to do” to answer
the research question and what they should take into account when measuring.
Some of them say the learned to “think deeper about what and how they want to
research” before they start to do an experiment and that “a good preparation is half
the battle”.
After the students had a feedback meeting with their teachers about their research plan
they had the following observations:
● A little over half (50,5%) of the students said the only had to work on the research
plan a little bit more while about 40% of the students said they had to change quite a
bit. 9,5% of the students said they didn’t need to edit anything.
● When asked what they had to change or add to their research plan over half (61%)
said they had to revise their measurement plan. A bit less but still the majority (57%)
of the student said they had to work on their hypothesis. Fewer still(23%) had to
work on the research question.
● Measurement plan: The students say they learned that “a research plan should take
into account everything" on how to do the research..”
● Hypothesis: Students said they had trouble imagining what would happen because
they “had never worked with radioactive[sic] before”.
● Research Question: The students mention that they found it hard when they had to
“think deep about how and what to research”.

Table 7: experiences of teachers and students during the ISP
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4.3 During ISP observation
During the ISP all questions to the teachers were recorded. The teachers were instructed to use the
socrative method when helping students as to preserve the openness of the open ISP. The students
asked for help on questions that can be categorized in four main themes: (1)unfamiliarity with the
experimental setup, devices and materials, (2)background radiation, (3)Safety, contamination vs.
irradiation and appreciation of health risks, and (4)statistical nature of decay. Next are some
quotations from students that are representative of those four categories.
1. Unfamiliarity with the experimental setup, devices and materials.
Most of the questions asked by students concerned the experimental setup. Some students felt like
they were “thrown in at the deep end” 
(Student remark during ISP)
with devices they had never seen.

Other students had questions about the materials they were working with. Students asked for the
thickness of the aluminium plates used the shield a radioactive source.
Student 3: And erm.. What’s the thickness of this?
Teacher: Erm.. How would you want to measure that?
Student 3: Oh, do we also have to measure that? Well, ten we must..
Teacher: Yes, I don’t have a clue how thick it is, but there must be a way for you to measure it.
Student 3: yes, with a cali...
Teacher: a caliper, indeed.
Student 3: Yes, with a caliper
(Dialogue between students and teacher during ISP)
2. Regarding (the measurement of)background radiation:
A few students asked questions regarding the background radiation and the influence of the
environment on measuring it. The quote presented below shows that the student didn’t understand
the range of alpha and beta particles nor how to effectively eliminate their effects on a background
radiation measurement.

Student 1: But in principle the background radiation in this room is slightly increasing per unit
of time, right?
Teacher: Why would it increase?
Student 1: There is a lot of radiation getting out, right?
Student 2: Because there are a lot of people working with erm.. With a radioactive source.
Look, here we obviously still have erm.. A lead lid. But if… if everybody would, let’s say, take it
off?
Student 1: The background radiation would increase.
(Dialogue between students and teacher during ISP)
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3. Safety, contamination and irradiation, appreciation of health risks
A student made a remark about the safety of the experiments they were doing. When helped to open
a containment vessel they remarked: “Now I feel like it is getting really terribly dangerous” (student
remark during ISP)
4. Statistical nature of decay
There was one student who asked about the fluctuating activity measured by a GMtube. He didn’t
understand why, with the same setup a repeated measurement should return different results. “But
even if this [the GM tube] just stays in the same place[distance from the source] it [the particle count]
will change all the time.” 
(Student question during ISP)

These four categories of questions indicate the need for the opportunity for students to be well
prepared for the ISP concerning the basic concepts, such as safety and background radiation. Also
they need to be able to anticipate what devices and experimental materials they will encounter
during the ISP. During the ISP there should be a database or knowledge system where they can find
extra information themselves just when they need it. Lastly it is very important that a teacher or lab
assistant should be present to help the students when needed and ask clarifying and directing
questions when they see an experiment going wrong.
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4.4 Post ISP observations
In questionnaires C and D questions were asked about the experience of participating in the open ISP
versus the closed assignments in the ISP. In this section the the teachers opinions and then the
students opinions will be discussed.
Teachers
The teachers were asked just after the ISP, in questionnaire C, if they thought the students were well
prepared at the start of the ISP, whether the required time of completion was as expected and if they
might have any explanations for this. After they graded the reports they filled out questionnaire D
with the question if they had and suggestions for improving the ISP. From two of the four schools
interesting results were collected which are represented in table 8. The post ISP data of one other
school was lost in the mail and the teacher of the fourth school did not fill in questionnaire C and D.
Teacher A
C.1. Do you feel the students were
well prepared for the open ISP?
(0/4 = not prepared)

Teacher B

2/4
Not very well prepared

4/4
Very well prepared

C.4. Did the open experiments
take longer or shorter than
expected? (3/4 = as expected)

4/5
A bit more than expected

3/4
A bit less than expected

C.5. Why do you think it took
longer or shorter?

“There was no recipe. They had
to make their own decisions
which made them insecure”

“Students were very well
prepared so they knew
right away how the
experiment worked”

D.3. Do you have any suggestions
for improvements to the open ISP?

“The information supplied to
the teachers was complete.
The student had a hard time to
see the aim of the
experiments”

”the feedback meeting
about the research plan
costs extra time”
I think it’s a good thing the
students have to think
beforehand about what
they will have to do [during
the experiment].”
”students don’t think of
using logarithmic paper…
that causes them to miss
certain insights”

Table 8: comparison of answers to questionnaire questions by two teachers from different schools
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These results agreed with the observations done by the researcher. The students at the school of
teacher A were not very prepared to start the ISP. As we will see in the next section the students of
the school of teacher A were also the ones with the most criticism of the open ISP. Also teacher A
spend the least amount of time preparing himself for the feedback meeting with the students. In
those meetings teacher A was very directive with which he might have diminished the openness of
the ISP. During the interview he used a lot of directives like: “Yes, so add that. While you’re at it, add a
fitting table there.” while teacher B had a lot more questions that needed to be answered by the
students themselves. “Yes, so what does that actually mean?” and “You are going to make a diagram,
why would you need a table?
Students
In a questionnaire taken directly after the ISP (questionnaire C), the students indicated they didn’t
need a lot of help during the open ISP. In the questionnaires, a little over half (57%) of the students
indicated they had to ask for help on technical questions like: how does the x,tplotter work, how to
place a radiation source in the experimental setup or how to use the xray tube.

figure 1: How much help did you need while doing the open ISP
experiments? (1: no help, 5: a lot of help)
Students were asked what they found difficult while doing the open ISP. A couple of students
indicated they had trouble with knowing what they had to do exactly. These responses came in two
variations. For instance: a student was unclear of what to do because “there was no clear manual
provided”. Another student indicated: “it was hard to strictly execute our own research plan”. Most
indication of difficulty came from students who said they didn’t know how to work the experimental
setups because they had never seen it before.
When asked what they had learned from participating in the open ISP, students said they had learned
how to work with the experimental setups, and that setting up your own research plan is a lot of
work but if you have a good one you know better what to do and that creates a more relax
experience. A student said: “A good preparation is chill. Another said:” A good preparation is half the
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work”. Yet another said: “it is good to make your own plan and then put it into practice”. A problem
indicated by the students is that some had a sense of not knowing that what they were doing was the
right thing to do. Others indicated that during the closed ISP it is clearer what is expected from the
students
The students who participated in the open ISP were asked if they thought the open and closed ISP
were: educational, time consuming, interesting, challenging and clear. The students answered with a
five point likert scale for each of the characterising words. On this data a 
Wilcoxon SignedRanks data
analysis was done
.
closed
avg

stdev

open
median

avg

stdev

Statistical analysis
median
Z

Sign.
p

Comparison
+/

educational

3,13

0,757

3

3,36

0,953

3

0,910

0,363

~

time consuming

2,52

0,898

2

3,32

0,894

3

2,437

0,015

+

interesting

3,43

0,728

4

3,45

0,858

4

0,061

0,951

~

challenging

2,52

0,947

2

3,14

0,941

3

1,956

0,050

+

clear

4,09

0,793

4

3,00

1,024

3

2,991

0,003



Table 9: How do the following characteristics apply to the open and closed ISP? Ranged from: 1, not at
all, to 5, very much.
Table 9 shows that, when the closed ISP is compared to the open ISP, , a positive significant difference
was seen on the characteristic time consuming (Z = 2.437, p=0,015) and challenging (Z = 1,956,
p=0,050) while a significant negative difference was seen for the statement “clear” (Z = 2.991,
p=0,003). There was no significant change on the statements “educational” (Z = 0.910, p=0,363) and
“interesting” (Z = 0.61, p=0,951)
Lastly the students in the experimental group were asked how they they would rather see the ISP in
the future and if they had any closing remarks. Half (52%) of the experimental group students
indicated there should be a mix of open and closed experiments. A student said: “There should be a
combination of both, so one can learn from both aspects: a good preparation and gaining knowledge
on the spot.” While another said: “Both have advantages: Open is more challenging but it is less clear
than the closed experiments.” the rest of the students were equally divided between a fully open ISP
and an ISP with just closed experiments. Arguments for a totally open ISP were: “Two open
experiments would be ideal. It really makes you think about the experiment” and “Just open, one
learns more from it and it makes you think about the [research] process”. Arguments given for a
totally closed ISP were: “I thought the making of a research plan and rapport were boring. I
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immediately didn’t feel like it anymore while I quite like doing experiments” and “It is better to learn a
bit about a lot [of different concepts] than a lot about one”

5 DISCUSSION
One of the main goals of this study was to look for enhanced conceptual learning after doing a
discovery based ISP than a very guided ISP experiment. The pre and post test results show no
significant stronger increase in conceptual learning. The larger medium effect size on the average test
score increase of the experimental group compared to the control group are not powerful because of
the small sample size (N=42).
These results were probably mediated by the small sample size, the fact that the results of the
participating schools were pooled and the fact that the pre and posttest were measurements of a
large number of concepts that a student may encounter within the topic of ionising radiation. Next
these factors and how they could have affected the results will be discussed.
Small sample size
Despite my efforts to gather a larger sample size the sample size that was eventually gathered was
still small. The number of subjects in the experimental group were similar than that of the
experimental group of Blasse’s study. In this study however there was a control group which was not
present in Blasse’s study. With this small sample no significant difference in pre and post test grade
could be indicated and the power of the effect size statements were also limited.
Pooled results
In the quantitative analysis of the pre and post test all the participants of all four schools were pooled.
This was done to increase the sample size and to increase the odds of finding a significant result. This
however diminished the ability to distinguish the pre and post test results between different
approaches by teachers. It is possible the results of students from schools with a more closed and less
discovery type approach mediated the results of the students from schools with a more guided
discovery approach.
Concept in tests and experiments
The 23 experiments in the ISP and the ten of those that have been adapted to be the open ISP are all
mainly focussed on a limited number of ionising radiation concepts. This means that during the ISP
students will not be exposed to all the concepts contained in the entire ISP. This means that if there is
an effect of the ISP (open or closed) on the conceptual knowledge of one of these concepts, the effect
will be small on the total conceptual framework of ionising radiation. No concept independent
analysis was done because the data collected per concept were very limited.
Because the pre and post test try to cover this entire framework, the effects on the test results of
doing one open ISP experiments and maybe two more closed experiments will be inherently small.
This fact will have made it hard for any researcher to find a significant effect on these test scores
because the actual effects on concept knowledge will diluted by all the other unchanged concept
knowledge tested in the pre and post test.
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Preparation and feedback
The first two research questions were about the experiences of students and teachers with regard to
the open and closed ISP. Although only a qualitative analysis was done on the results of the
questionnaire and recorded interactions between students and teachers, the results show that when
an ISP is structured as a guided discovery activity the students need a better preparation before and
more thoughtful guidance during the ISP. The results show that well prepared students had a basic
understanding of the important concepts, they knew the scientific aim and didactical purpose of the
ISP which is in line with previous studies by Hart et al. (2000) and Deacon and Hajek (2010).
Time consuming
The students on average indicated that the open ISP was more time consuming however in the
questionnaires some students indicated that this extra time in preparation saved time during the ISP
itself. This is supported by statements of the teacher who indicated that while they had spent more
time in preparation and during feedback moments, the students took less time with the actual
experiment during the ISP than expected.
Guided discovery
The last research question tried to clarify what indications to enhance the conceptual learning as a
result of the ISP were present in the literature. Three main goals were formulated that should
increase the effectiveness of the ISP.
● It is important that the teacher and students are well prepared for the ISP including a good
introduction to or repetition of the concepts that are needed to do the experiments. During
the experiments additional information needed by the students should be available when
needed.
● It is important for the students to know what the aim and the purpose of the activity are. The
aim is the practical end of the research while the purpose is the broader didactical purpose of
the activity.
● To achieve higher learning it is important that the students get feedback from teachers and/or
experts and that they are made to think, predict, explain, observe and reflect so they can, if
needed, modify their misconceptions.
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6 RECOMMENDATIONS
Recommendations for follow up studies
●
A follow up study should gather a larger sample size. With a large sample of students and
more schools a better comparison can be made between different approaches by school and
other confounders such as subject grade, math subjects(A and B) and sex.
●
A follow up study should test the intended conceptual gains of each separate experiment. This
can be done by giving students pre and post tests that are connected to the experiments they
did. So a student doing an experiment on half life should be asked multiple questions on half
life. This way the direct effects on concept knowledge can be measured undiluted.
●
When recording conversations and student questions with a voice recorder always make sure
they are turned off before one goes to the bathroom.
Recommendation for the ISP
●
The Informations sheets of the open ISP experiments seem to be sufficient. They give
adequate information and ask guiding questions. The researcher would advise to increase the
number of available open ISP experiments so that an entire class can choose to do an open
experiment. To make sure that all students learn something about all concepts embedded in
the ISP an expert method activity could be suggested to schools so that students can exchange
their findings with other students.
●
An active role for the teacher is required prior to and during the ISP.
○
Basic concepts need to be clear to students in advance
○
The scientific aim and didactical purpose of the experiment need to be clear
○
It should be clear to the students how the experimental set ups look like and operate
○
This could be done using a database or even short youtube clips
○
Valuable feedback on research plan and during ISP that maintains the openness of the
experiment is required
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8 APPENDICES
8.1 Appendix A Fill out worksheet example of closed ISP
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8.2 Appendix B Pre test

Master thesis by Bart Janssen (UU: 3642089)

28

Increased conceptual learning through a guided discovery 
approach 
of the ISP

Master thesis by Bart Janssen (UU: 3642089)

29

Increased conceptual learning through a guided discovery 
approach 
of the ISP

Master thesis by Bart Janssen (UU: 3642089)

30

Increased conceptual learning through a guided discovery 
approach 
of the ISP

8.3 Appendix C Post test
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8.4 Appendix D Teacher questionnaires
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8.5 Appendix E Student questionnaires
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8.6 Appendix F transcribed recordings cited in this paper.
There are to many to add them to this paper. They can be found using this link:
https://drive.google.com/folderview?id=0B_Y0sAzHzPuOOGFnYzJQUExKY0k&usp=sharing&tid
=0B_Y0sAzHzPuOMnQ0UDBUNVN3MVU
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