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Abstract
The Slovene Science competition for primary school students aged between 6
and 12 years will be explained briefly. The competition is based on experi-
ments, which should be done well in advance either at school or at home. An
example of the proposed experiment for 11 and 12 year old students from the
past year—a syphon—will be presented as well as the assessment questions
referring to this particular experiment, which were posed at the competition. A
fair proportion of the population took part in the competition. We will present
a brief analysis of the obtained data, which offers an insight into the difficulty
level of the questions.
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(Some figures may appear in colour only in the online journal)

1. Introduction: the competition

We ran the second competition in science for 6 to 12 year old students in Slovenia in the
school year 2015/2016, while the third season is taking place during the school year 2016/
2017. The competition is organised by The Society of Mathematicians, Physicists and
Astronomers of Slovenia (DMFA Slovenije) [1]. The members of the competition committee
are university lecturers, and middle school and primary school teachers working in three
major science disciplines; physics, biology, and chemistry.

All questions in the competition are based on science experiments and observations,
which should be done prior to the competition, either at school or at home. The experiments
are proposed by the members of the competition committee, who also develop all the
questions for the competition. The idea for performing the experiments well in advance came
from the Polish science competition Świetlik [2]. For each age group, three science
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experiments are proposed in the beginning of the school year [3], and students should perform
them sometime before the competition. The competition takes place in the middle of the
school year. Students participate individually. There were more than 9000 participants from
half of the Slovene primary schools in the first run [4] and the next year the number of
participants grew to more than 15000. Participation in the competition is voluntary. The
competition would not be possible without the help of teachers from all the participating
schools. Frequently, the teachers organise experimentation in the schools prior to the com-
petition, they run the competition and after the competition they enter the answers of their
students into our web-based computer system.

Our motivation for organising the competition can be summarised with the general
statement: not learning about science, but doing it. By doing science, we actually mean using
(and meanwhile developing and improving) skills and abilities, which are the content of the
scientific method and include activities such as performing observations and experiments,
recognising patterns in observed phenomena, detecting and testing the underlying rules
(formulating and testing simple hypotheses) [5–8]. Introducing the proposed activities in the
format of a competition, we are faced with some contradictory objectives. On the one hand,
our aim is to popularise science and experimentation. Therefore, we would like to reach as
many students (and teachers) as possible and at the end leave most of them at least fairly
satisfied with the process and its outcomes. On the other hand, it is a competition and the
objective of a competition in general is to find the most talented, able and interested students.
We try to maintain a balance between both needs through paying attention to the choice of
experiments and to the design of the competition questions. For example, to a certain extent,
the experiments should have surprising outcomes and should be performed with simple and
available resources. During the competition, most of the questions should present a bit of a
challenge to the majority of the participants, while they should be able to solve most of them.
However, we also need some more difficult questions, which help us to identify the most
gifted students.

One of last year’s (school year 2015/2016) experiments for the oldest participating
students was a syphon. The most difficult questions (to challenge the gifted students) in the
competition turned out to be the ones that asked about the outcomes of the syphon experiment
in a variety of vessel settings. The syphon experiment set will be described, the competition
questions related to this particular experiment will be given, and the results of about 10% of
the whole generation that participated in the competition will be briefly analysed.

Figure 1. A photographed sequence of steps from (a) to (d) showing what to do to get
rid of air bubbles in the tube and to enable the water flow in the first part of the syphon
experiment.
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Figure 2. The first observation/measurement that should be performed.

Figure 3. A photo showing the most important measurement within the syphon
experiment.
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2. The experiment

All proposals for the experiments are written in the same fashion. In the first part of the
proposal, the basic variation of the experiment is explained and the procedure (what and how
to do) is given in detail both in words and with an illustrated (photographed) sequence. Next,
some additional variations of the experiment are suggested. The proposal ends with questions
that pay attention to particular aspects of the observed phenomenon. With part of the ques-
tions we want to induce the establishment of a broader picture of the phenomenon and guide
students to find connections with real-life phenomena, not obviously related to the abstract
and elementary experiment given at the beginning of the proposal.

There are no tables given to help the students to organise their data. They are supposed to
deduce for themselves how they will write down their observations, measurements, and
conclusions.

The basic variation of the syphon experiment was proposed with photographs (figures 1–
3) and short descriptions in six steps. To begin with, one should be able to initiate the water
flow through a tube. Figures 1(a)–(c) show how the tube should be filled with water without
air bubbles to enable the water flow through a tube from a vessel above to a glass below. The
complete tube should be submerged under the water surface and filled with water. The end of
the tube where the water flows in stays in the vessel and under the water surface all the time.
The end of the tube where the water flows out should be blocked when taken out of the water,
as shown in figure 1(c) and reopened when this end is far below the level of the vessel, see
figure 1(d).

Figure 2 shows the first observation/measurement that should have been made: the
students were instructed to find out how high above the water surface in the vessel the tube

Figure 4. A photo showing the variation of the experiment where the other end of the
tube is submerged under the water.
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could span but still ensure the water flow. The objectives of this step were to become familiar
with the strange phenomenon of water running uphill and also the recognition of the para-
meters which influence the water flow. We assumed the students would have some difficulties
in performing this part of the experiment. Only one variable at a time should be changed in
order to recognise its influence on the water flow. While the students were striving to keep
everything but the maximum height of the tube the same, they could, had they been careful
enough, also discover other important dependencies and sometimes surprising inde-
pendencies. We deliberately did not give direct instructions on how to check them.

Figure 3 shows the main measurement which should have been performed. The students
were instructed to observe how the differenceDh in height of the water surface in the vessel
and the end of the tube where the water flows out influence the water flow. The end of the
tube where the water flows in had to remain at the same position (at the bottom of the vessel).
The students had to measure the time in which a small glass is filled with water in dependence
ofDh. They had to fill the glass with the water from the vessel while keeping the height of the
other end of the tube constant. The glass was small, the height of the water level in the vessel
hardly changed during the filling of the glass and, therefore, Dh also did not change con-
siderably. They had to repeat the measurement of time at different Dh.

The objective was to recognise that the end of the tube where the water flows out should
be below the level of the water surface in the vessel. Moreover, the larger the difference in
height, the larger the water flux through the tube.

In the second part of the instructions there were suggestions for variations of the
experiment, for example, observing the flow through the tube with both its ends being in the
water, see figure 4. Some of the questions at the end of the proposal which were given to
guide the experimenters were concrete, for example, Which conditions must be fulfilled so
that the water can flow out from the vessel through the tube? How high must the end of the
tube be where the water flows into the tube? Is it possible to empty the vessel completely?

3. Objectives of experimentation

The water flow between two vessels through a tube is a topic scheduled for physics lessons on
elementary Bernoulli hydrodynamics only in high school. We are aware of the difficulty of
the subject matter itself, knowing that the ideas of the key role mechanisms that make
syphons work remain a bit controversial even in the 21st century: authors in numerous recent
papers discuss to what extent the atmospheric pressure, gravity, and intermolecular attracting
forces influence the phenomenon of fluid running uphill through a tube [9–12].

Therefore, we acknowledge the need for appropriate teaching transformations of the
subject matter, where students’ preconceptions and learning difficulties are taken into
account. Students rely on their intuitive ideas and, for example, often ignore the influence of
atmospheric pressure on fluid flow in various devices from straws to syringes and sometimes
do not use the concept of pressure to understand the fluid flow at all. In [13] an analysis of the
‘explanations’ of syphon principles from common textbooks on physics courses for under-
graduates and the development of a general and not content-specific explanatory principle are
given as an example of the development of the pedagogical content knowledge [14, 15].

We had no intention whatsoever to give or provoke a full quantitative explanation of the
syphon. Nevertheless, we think there are no obstacles preventing younger students from
observing and detecting patterns in a phenomenon and recognising correlations and semi-
quantitative underlying connections between observables. This is in general the first step in
any scientific procedure and recognised as important also in learning [5–8].
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The ultimate objective of the experiment was to recognise the conditions which enable
the water flow between two vessels through a tube. To ensure there are no air bubbles in the
tube, there are three general (almost) independent conditions, which all have to be met to
enable the water flow through a tube between two vessels and which also define the final
water levels in a variety of different vessel settings. These are:

C1. The end of the tube where the water flows into the tube should obviously be below the
water surface in the first vessel.

C2 . The other end of the tube where the water flows out from the tube to the second vessel
(the glass) should ALSO be below the water surface in the FIRST vessel.

C3. The water can only flow from the first vessel to the second if the water surface in the
first vessel is above the water surface in the second.

The first condition C1 is rather obvious even to someone who did not perform the experiment.
The third condition C3 in its form is less straightforward albeit connected to obvious
observation of water flowing downhill. The second condition C2 is far from obvious and
should have been the most important discovery of the experimentation. (In fact, C2 could be
derived from C3 using symmetry considerations and reductio ad absurdum; if the condition
C2 is not necessary, we can easily imagine a situation where the water flow and water levels
would be in conflict with condition C3.)

Following the guidelines for experimentation, two findings were implied in addition to
the three discrete conditions (the water either flows or does not flow), and these are:

F1. The other end of the tube where the water flows out can be submerged under the water
surface in the second vessel (conditions C1, C2, and C3 apply the same).

F2 . The water flux depends on the difference in height: if the other end of the tube is above
the water surface in the second vessel, the altitudes which matter are the altitudes of the
water surface in the first vessel and the altitude of the other end of the tube, and if the
other end is submerged below the water surface in the second vessel, the altitudes which
matter are the altitudes of the water surface in both vessels. The larger the difference in
altitude, the stronger the water flux. The guidelines for experimentation (see figure 3)
were pointing precisely to the discovery of this particular dependence.

4. Questions at the competition

There is always a substantial challenge associated with the design of assessment questions.
Even more so when the questions should allow for an assessment of the learning outcomes of
the experimentation, to allow us to clearly identify those who did and those who did not
perform the experiments with enough care. The measured success of an individual at solving
the questions should be monotonically and positively correlated to her or his abilities, efforts,
and success at implementation of the scientific method in her or his own experimentation. The
aim is to compose several tasks of different types and varying complexity, with not too many
correct solutions obvious to someone who did not perform the experiments.

Four questions in the test were related to the syphon experiment. The maximum total
score for the complete test was 47 points and 21 of them could be earned from the syphon
questions. Question Q1 was a set of open-ended questions, questions Q2 and Q3 were double
multiple choice questions and question Q4 was a set of polar yes or no questions. In the
following, questions Q1—Q4 are given together with the correct answers (CA).
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Q1. The water is flowing through a tube between two cylindrical vessels of equal size. In
the beginning, the first vessel is full and the second is empty. For each placement of the
vessels and a tube (stationary during the water flow) shown in figure 5 (cases from A–
F) draw horizontal lines on the vessels, denoting the water level in both vessels when
the water flow stops.
(The correct answer to Q1 is shown in figure 6.)

Figure 5. Question Q1.

Figure 6. Final water levels in vessels for different placements of vessels and a tube.
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Q2. Which height difference (between heights from A–G, see figure 7) influences the
instantaneous velocity of the water flowing through a tube between the two vessels the
most? Draw an arrow between these two heights, as shown in the figure.
(The correct answer to Q2 is shown in figure 8.)

Figure 7. Question Q2.

Figure 8. The correct answer to Q2.
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Q3. The water flows through a tube between two cylindrical vessels of equal size. In the
beginning, the first vessel is full and the second is empty, while at the end the opposite
is true. The placement of the vessels and the tube is stationary. Write down the
answers.

(a) Which graph (in figure 9) correctly shows how the water level is changing with time
in the vessel from which the water flows OUT? (CA: C)

(b) Which graph (in figure 9) correctly shows how the water level is changing with time
in the vessel to which the water flows IN? (CA: E)

Q4. Which conditions, written below, MUST be fulfilled if the water flows through a tube
from the first vessel to the second? Encircle YES, if the condition is necessary, and
NO, if not.

(a) The end of the tube in the first vessel is below the water surface in the first vessel.
(CA: YES)

(b) The other end of the tube in the second vessel is below the water surface in the
second vessel. (CA: NO)

(c) The other end of the tube is above the water surface in the second vessel. (CA: NO)
(d) There is more water in the first vessel than in the second. (CA: NO)
(e) The other end of the tube is lower than the end of the tube in the first vessel.

(CA: NO)
(f) The bottom of the first vessel is higher than the bottom of the second vessel.

(CA: NO)
(g) The water surface in the first vessel is at larger altitude than the water surface in the

second vessel. (CA: YES)

Keeping in mind the three conditions C1, C2, and C3, questions Q1 and Q4 and can be
solved. In each vessel setting in Q1, the water flow stops when the first of them ceases.
Condition C1 ceases in setting C, condition C3 ceases in settings A and D and the most subtle
condition C2 ceases in settings B, E, and F. The proportion of students who answered the
subquestions of Q1 correctly is in agreement with the complexity of the conditions C1, C2,

Figure 9. Question Q3.
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and C3, as will be presented in the following section. The task in question Q4 was to identify
precisely two of the three necessary conditions among seven suggestions.

Question Q2 asked about finding F2 (following directly from experimentation) and in the
more complex question Q3 the same finding was addressed indirectly and comprehension of
the graphical representation of the phenomenon was also questioned.

5. Results

It is beyond the scope of this paper to present a detailed analysis of all the results. Only an
example of data analysis will be presented, giving partial information about the difficulty of
some of the questions, the quality of the distractors and differentiating potential of some
questions.

The overall results of the 6th and 7th graders are presented in histograms in figure 10.
The older students did slightly better; the mean total score of the 6th graders was 22(.0) points
and the mean total score of 7th graders was 24(.2) with σ in both groups being approxi-
mately 6.

As the data gathered at the competition shows, the problems related to the syphon
experiment (among the three proposed experiments) were the most difficult.

Figure 10. Total score distributions.

Table 1. Proportion of students with correct answers to question Q1.

Setting 6th grade (%) 7th grade (%)

A 31.7 33.3
B 11.2 13.5
C 28.9 37.7
D 19.2 21.6
E 8.6 12.7
F 10.4 14.1

N 1426 1352
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There were 2778 students who solved (open) question Q1. Table 1 shows the frequency
of correct answers for different vessel settings. Setting A was the simplest and basic, but still
only one third of the students were able to draw the water levels correctly. One out of 10
students (in 6th grade) and one out of 7 students (in 7th grade) was also able to draw the water
levels correctly in the three settings B, E, and F, which were questioning the most non-trivial
conclusion C2. The maximum points for Q1 were 6. Table 2 shows the distribution of the
score for Q1. Obviously, question Q1 was difficult indeed.

In table 3, the frequency of partial answers to question Q2 are shown. A student drew an
arrow between the two levels among the levels from A–G. The higher level was taken as the
first part of the answer and the lower level was taken as the second part of the answer. The
correct partial answers are given in bold. Approximately one third of the students chose the
correct partial answers B for the higher level and E for the lower level and 9.3% of students
correctly chose both levels. The most frequently chosen combination of both partial answers
was C (higher)–E (lower), which was chosen by 12.4% of students.

Table 3 points to some negligible unreliability of the data. There were probably some
mistakes in transcriptions from students’ papers to the computer database: most obviously
level A cannot be the lower level and level G cannot be the higher level, see figure 8 (the
other possible explanation of the data inconsistency could be inadequate literacy or sloppiness
of the student confusing the top and the bottom).

Apart from the difficulty of the questions and the effectiveness of distractors (wrong
possible choices of multiple choice questions, shown for example in table 3 for question Q2)
the item response curve (IRC) analysis can be done on the given questions [16, 17]. The

Table 2. Proportion of students with the number of correct partial answers (and overall
points) to question Q1.

Overall points 6th grade (%) 7th grade (%)

0 50.5 44.4
1 18.0 17.6
2 13.9 15.1
3 10.5 13.8
4 4.5 4.4
5 1.2 2.3
6 1.5 2.4

Table 3. Proportion of students who chose different answers to question Q2.

6th grade (%) 7th grade (%)

Levels higher lower higher lower

A 27.4 0.3 31.4 0.1
B 31.9 6.3 33.3 6.4
C 24.7 12.9 23.1 12.8
D 10.5 12.6 10.0 15.8
E 3.1 31.9 1.4 32.4
F 1.9 14.0 0.6 12.2
G 0.4 22.0 0.2 20.3

N 1144 1132 1118 1126
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results of the IRC give a deeper insight into the quality of the questions, as well as into the
abilities of the participating students. As an example, IRC analysis was performed on two
questions, Q1 and Q3a, and the curves are shown in figures 11 and 12. We assume that the
students’ ability levels correlate with their total score. The maximum total score for the test
was 47 points. For better statistics, nine equidistant categories of the total score were formed,

Figure 11. IRC for question Q1. Percentage of students drawing correctly the final
water levels in different vessel settings from A–F is shown in correlation with the sum
of the points which the students achieved in the competition.

Figure 12. IRC for question Q3a shows the percentages of students who have chosen
various possible graphs from A–F as answers to question Q3a. The correct answer
was C.
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as given in table 4. As can be seen in figure 11, the three vessel settings testing the non-trivial
conclusion C2 (B, E, F) efficiently differentiate the students with the highest abilities (in total
score categories 8 and 9) from the others, showing a rapid rise from category 7 to category 8.
It has to be stressed that the aim of the competition is to differentiate the students with the
highest abilities from the rest; we want to have a clear picture at the top; we do not seek
primarily to find the differences in the middle (we nevertheless get some information about
the middle as well).

The last example of the data analysis refers to question Q3a and shows the percentage of
students who chose a particular graph as the one showing how the height of the water surface
changes with time during the outflow of the water. Most of the students in the top total score
categories paid attention to the initial state (vessel was full in the beginning, and the water
level lowers with time when the water flows out of the vessel, as given in graphs A, B, and C).
Again, we have a rapid rise between categories 5 and 6 for the correct answer C.

6. Conclusions

Due to various reasons, the new science competition immediately found acceptance in most
of the Slovene primary schools. We are satisfied, because the students and teachers like it. We
see this competition primarily as a tool for triggering and promoting experimentation of
students at science lessons, to steer them towards using and internalising scientific procedures
and reasoning. To teachers, we provide materials—ideas for experiments and instruments for
the assessment of knowledge and understanding, obtained through experimentation. The
teachers of the youngest students are generally not experts in science and our guidance is
especially important and valuable to them. We are convinced that we provide a service by
teaching the teachers as well—and they recognise and appreciate that. Due to the immediate
impact we have had on teaching, we also feel responsible for maintaining the established
standards in the future.
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