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ABSTRACT
This study aimed to identify students’ misconceptions in static fluid covering Archimedes’
Principle and hydrostatic pressure. The used-instruments were of 10 multiple choice
questions supported by reasons for answers. The method used in this research was giving
the exercise in the form of questions to 32 students of XI class who had received subject
matter of Archimedes’ Principle and hydrostatic pressure at middle and high school levels.
The results of the students’ answers were then analyzed and presented qualitatively and
quantitatively. Based on the analysis of students’ answers obtained 16 types of
misconceptions in static fluid. In comprehending Archimedes' Principle, most students
experienced difficulties in determining the state of floating, sinking and determining
magnitude of buoyancy of objects in a fluid. While on hydrostatic pressure topic, most
students found it difficult to determine the amount of hydrostatic pressure at a point in the

fluid.
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INTRODUCTION

Speaking about physics learning,
there are still found some students who
have difficulties in mastering the learning
materials that some studies revealed the
students experienced difficulties in
physics material, particularly in static
fluid which is leaded them to
misconceptions. This fact is supported by
upfront research which explores students’
difficulties in comprehending the static
fluid concept such as their misconceptions
upon Archimedes’ principle which are the
concept of floating and submerged, the
buoyant force, and the volume of water
displaced. (M.E. Loverude, Heron, &
Kautz, 2010; Yin, Tomita, &Shavelson,
2008) and misconceptions on hydrostatic
pressure (Goszewski, Moyer, Bazan, &
Wagner, 2013; ME Loverude et al., 2010).

In particular, physics consists of a
collection of interrelated concepts so if
one concept is not fully comprehended or
passed, consequently it will be difficult to
understand the advance concept (Ornek,
Robinson, & Haugan, 2008). The same
thing was also stated by Anderson (Chen,
2011) that to learn effectively, students
must organize their prior insights with
their new ones, hence if students
experience misconceptions, they will be

hard in understanding the upcoming
materials.
This study aimed to identify

students’ comprehension of concepts and
difficulties in the form of misconceptions
on static fluid material. As a result of this
study, it is expected to provide a
foundation for teachers in overcoming
students’ difficulties on the afromentioned
material, thus the students will respond to
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the misconceptions and lead them to a
scientific understanding.

RESEARCH METHOD

This research is a qualitative
descriptive with stages of problem
formulation, research sample selection,
instrumentation, data collection, data
analysis as well as conclusion drawing.
The test instrument given in the form of
multiple choice questions supported by
reasons. This instrument was adapted
from several previous studies that have
been used by experts (Goszewski et al.,
2013; M. E. Loverude et al., 2010; Unal &
Costu, 2005; D. J. Wagner, Cohen, &
Moyer, 2009; Doris J Wagner, Carbone,
& Lindow, 2014; Wong et al., 2016).

Next, the results of data
instrumens were analyzed by grouping the
results of students’ answers based on the
similarity of their explanation. Due to the
results of grouping, the types of
misconceptions experienced by students
were obtained. Then, this study also
grouped the number of students who
experienced misconceptions in each type.

The subjects in this study were 32
students of XI Science (MIA) class of
Senior High School (SMAN) 1 Malang in
semester 2. Students had obtained subject
material on hydrostatic pressure and
Archimedes’ principle in the VIII class
(Junior High School) and the X class
(Senior High School). The material of this
research focused on afromentioned
materials which were stated by the experts
in their research that students often
experienced numerous misconceptions..

FINDING AND DISCUSSION

Test instruments in this study
amounted to 10 questions presented in
Picture 1 and 2. Then, students’ answers
were analyzed and categorized on the
order of misconception types that are
summarized in Table 1. Students’ empty
and blind-conception answers were not
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counted in the percentage of students’
answers.

A. Archimedes’ Principle
Question 1
In this question, students are asked
to identify the position of floating object
which was divided into different sizes
Picturel).

X . .
iesasamay An X ob_]e.ct ﬂoajcs in
HHHH @ % water. If object X is cut

into two parts (Y and Z)
which the size of Y <size
Z, and put them back into

AIR m 7

water. Which of thé"“following pictures best
shows the position of the two beams in water?

A) Y B) 7 v C) y D) Z ¥
Z

Z

Picture 1. Question 1 in the test instrument of

Archimedes’ Principle
The number of students who answered
right (B) was 25%, then 44% of the total
number were either choosing answer A or
C. It indicated that the students’
misconception in this case was the object
‘s weight affected the floating and sinking
states (31%), then the rest (13%)
considered that the divided-object will
change its density. Similar results were
shown by previous studies (Unal & Costu,
2005), students experienced a
misconception that weight or mass affects
the floating state and sinking of objects in
the fluid.

Question 2

28% of total sample students
answered correctly in line with the
concept that fluid volume moved by a ball
depends on its object volume immersed in
fluid (Picture 2). While 53% of students
experienced a misconception that fluid
volume transferred by the ball depends its
density of the fluid. Students understood
that the density of oil is smaller than water
and the largest density is steel balls,
however, most of them assumed that oil
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will float the ball higher causing the level
of oil in measuring cylinder is higher than
the water level. This is similar to the
misconception that an object will float
higher in a fluid with a small density.

with water and oil at

the same level . Two

cylinder. How do you predict the comparison

of the rise in water level and oil when the

C. water level = oil level

Explain your reason!

(Wong et al., 2016).
’ ’ Two measuring-

C__ 3

oy
steel balls with the
same volume and

steel ball is inserted?

A. water level > oil level

cylinders each filled
>
mass are placed into each measuring-
B. water level < oil level

Picture 2. Question 2 in the test instrument of
Archimedes’ Principle

Question 3

A  minority of students (6%)
answered correctly the concept that the
state of floating and sinking objects in a
fluid depends on the relative ratio of the
density of objects to density of fluids in
question number 3 (Picture 3).

Five blocks have
my<my<m3z<my<ms the same volume,
but have different
masses. The blocks
are numbered in
accordance  with
their mass order as
in the following
image. All the
blocks are placed
into a tank filled
7Zwith water. The

final nogition for
beam 2 and 5 is shown in the following figure.
Draw a final position diagram sketch for
blocks 1, 3, and 4. Explain your reasons!

Picture 3. Question 3 in the test instrument of
Archimedes’ Principle
The important information for this
question is Beam 2 is slightly floating in
water which indicates if the density of
beam 2 is close to the density of water,

thus beam 3 could either drift or sink.
Most students (88%) drew a descending
line diagram and one of the students
answered: “Since the beam volume is the
same, the density of the beam is
comparable to the mass. he position of
beam 3 is between beam 2 and 4, while
beam 4 is between beam 3 and 5 ". Thus,
this misconception is in line with the
finding of previous studies. (Michael E.
Loverude, Kautz, & Heron, 2003; D. J.
Wagner et al., 2009).

Question 4

38% of students answered by
changing the volume of water in a tank to
change the buoyancy in question number
4 (Picture 4). While 19% of students
thought that changing the length of the
rope can change the buoyancy. A previous
study (Doris J Wagner et al, 2014)
revealed several students’ misconceptions
in this case, such as they assumed that the
magnitude of buoyancy is comparable to
depth and the rest is inversely comparable
to depth. While 28% of students assumed
that reducing the mass of objects can
increase the buoyancy force. Hence, this is
the same as the idea that the smaller the
density of objects, the more they will be
floated.

A beam has been
observed previously in a
floating state. Then the
beam is tied with ropes
f to the bottom of the tank

filled with water. How
do you increase the
buoyancy of the beam?

Picture 4. Question 4 in the test instrument of
Archimedes’ Principle

Question 5

In question number 5 (Picture 5),
the majority of students (53%)
experienced a misconception that the size
of buoyancy force was inversely
proportional to depth (Doris J Wagner et
al., 2014). One of the students answered
by “the buoyancy force at beam A and B
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is since it is located at the bottom of the
aquarium, while the buoyancy force at
beam C is greatest because of its higher
position"  While  several  students
answered the buoyant force on beam C
was the smallest due to the influence of
the rope tension force and the minority of
students (6%) gave an unexpected answer
that the magnitude of the buoyancy force
for beams A and B is equal to zero for
They assumed that buoyancy only exists
(more than zero) if the object is floating or
drifting.

Three identical blocks

; i are in a balanced state in
an aquarium filled with

water. Beam B and C
depend on the rope.
Compare the buoyant
m forces working on beam

A, B and C. Explain
your reasons!

Picture 5. Question 5 in the test instrument of
Archimedes’ Principle

Question 6
In this case, three identical beams
of volume are sinking (Picture 6).

Three blocks with the
same shape and volume,
but  have  different
masses, MA> MB> MC
[A] [B] [€]] is located at the bottom
of the aquarium filled
with oil. Compare the buoyant forces
working on beam A, B and C. Explain your
reasons!

Picture 6. Question 6 in the test instrument of
Archimedes’ Principle
Half of students (50%) answered that the
amount of buoyancy is  directly
proportional to the mass of the object.
Since the mass of beam A is greatest, the
buoyancy force on beam A is greatest
(FA> FB> FC). Then, 16% of students
answered the buoyancy force for the three
beams are the same because they are
located on the same level. This answer is
similar to problem presented in question
5, however, there is no student gives an
answer that the magnitude of the
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buoyancy force is zero. This answer is
similar to problem 5, but no student gives
an answer that the magnitude of the
buoyancy force is zero.These
misconceptions are similar to the results
of particular previous studies. (Doris J
Wagner et al., 2014).

B. Hydrostatic Pressure
Question 1

In question number 1 (Picture 7),
students are asked to choose a greater
pressure than the pressure at the point X in
the available picture. 13% of students
answered with the correct concept (option
B) that the amount of hydrostatic pressure
is directly comparable to the depth of fluid
surface. Next, several students (38%)
chose option E since they assumed that
narrower the container, it will put the
greater pressure. 16% of students chose
option D because they assumed that the
pressure at point D is greater since it gets
pressure from a floating object. After that,
a small proportion of students (6%) chose
option F because they have an assumption
that the greater amount of water volume

causing the greater pressure. This
misconception showed that students
thought hydrostatic pressure 1s
proportional to the weight of the fluid.
(Goszewski et al., 2013).

Question 2

The case in this question (Picture
8) is the adaptation of the test instrument
to a double barometer. (M. E. Loverude et
al., 2010). This question displayed an
open manometer connected by a gas
cylinder, then students are asked to choose
the right option with a proper reason.
Some students (16%) answered correctly
with option A that hydrostatic pressure at
points of equal level are the same . While
41% of students chose option B that
indicated in one of the students’ answer:
“the pressure at point A is smaller than
point B because the density of the gas is
smaller than mercury’s". They tried to
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Point 30 iz in the middle of the water in the glass with width W oand water

depth d as shown in the following pichare, The hydrostatic pressye at point

X ois Py Which of the following A-F poirts has a greder hypdrostatic
4  pressare than point X7 Explain sour reasonl

Picture 7. Question 1 in the test instrunent of Hydrostatic Pressure

relate the density and hydrostatic pressure.
A small percentage of students (9%) chose
the option C (the pressure at point D and
C 1is the same). Based on students'
explanations for the option, it was found
that students ignored the gas pressure
above point D since students only
calculated the height of the fluid column
above points D and C, where the mercury
column height above that point was the
same.

p A manometer is
connected to a gas-
filled cylinder. The
height of the mercury
e I" is higher on the right
side. How do the
fluid pressures
compare to the points
of the manometer?

Gas

Picture 8. Question 2 in the test instrunent of
Hydrostatic Pressure

Question 3

This question (Picture 9) presented
the connected-vessel and 31% of total
students answered with correct answer

followed by correct explanation. Then,
34% of students answered that the
pressure in A was the smallest and C was
the biggest one.

A B ---] C C

A container filled with water until it's
full. The open column for air is above
points A and B, but closed above point
C. How does the water pressure ratio at
points A, B, C compare if all points can
be connected with horizontal lines?
Explain your reasons!

Picture 9. Question 3 in the test instrunent of
Hydrostatic Pressure

In details, students explained the pressure
in C is the biggest since it is a confined
space, whereas point B is in the narrow
open column and point A is in the wide
open column. A small proportion of
students (9%) gave the answer of pressure
on A which is the biggest and C is the
smallest. Students explained the pressure
at A is the greatest because the volume of
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fluid above A is more than above points B
and C. From the answers obtained,
students tend to make the wrong
conclusion that the hydrostatic pressure is
proportional to the amount of fluid
volume above a point. This answer is
similar to the test instrument option from
the results of a previous study (Goszewski
etal., 2013).

Question 4

An object in a fluid will get a force
or hydrostatic  pressure from all
directions. Balloons that are put in water
remain round while the volume is
shrinking. (Goszewski et al.,, 2013). A
small percentage of students (9%)
answered the questions correctly,then as

many as 38% of students answered with
flat oval balloons and the volume was
shrinking due to fluid pressure from
above. While 25% of students answered
the shape and volume of the balloon
remained because the fluid pressure had
no effect on it. Based on the answers of
these students, it obviously can be seen
that students did not understand the
concept of the direction of pressure in the
fluid for they generalized the concept of
fluid pressure with general pressure.
Moreover, pressure is generally defined as
the quotient of forces with contact area, so
students thought that objects in fluid are
subject to gravity by the volume of water
above them.

Table 1. The results of misconceptions on static fluid with a percentage > 10%

M Description of Misconceptions Y%
Ml The state of floating and sinking is influenced by the weight of the object 31%
M2 The density of objects changes if the volume of objects changes 13%
M3 The volume of fluid displaced by a submerged object depends on the density of 53%
the fluid.
M4 The state of an object floating or submerged in a fluid depends on the relative 88%
ratio of density between objects.
M5 The buoyancy force depends on the volume of the fluid. 38%
M6 The buoyancy force is directly proportional to the depth of the object. 19%
M7 The buoyancy force is inversely proportional to the mass of the object. 28%
M8 The buoyancy force is inversely proportional to the depth of the object. 53%
M9 The buoyancy force is inversely proportional to the mass of the object. 50%
M10 The same buoyancy force for objects located at the same level. 16%
MI11 Hydrostatic pressure depends on the size of the container. 38%
M12  Hydrostatic pressure is influenced by floating objects. 16%
M13  Hydrostatic pressure at points on the horizontal plane is not the same. 41%
M14  Hydrostatic pressure in a closed space is greater than an open space. 34%
M15 Objects in the fluid are subjected to hydrostatic pressure from above. 38%
M16 Hydrostatic pressure does not affect the shape and volume of objects in the 25%
fluid.
CLOSURE

The results of this study found 16
types of students' misconceptions on static
fluid material . Generally, these
misconceptions were also found in previous
studies. In the material of Archimedes'
principle, most students have difficulties in
determining the state of floating and sinking
as well as determining the magnitude of the
buoyancy of objects in fluid (M1-M10). On
hydrostatic pressure material, most students
find it difficult to determine the amount of
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hydrostatic pressure at the point in the fluid
(M11-M16).

Furthermore, the phenomenons in
the material of static fluids that are often
encountered such as the  state
of floating , sinking and the pressure by
stationary fluid. Additionally,
to understand  static  fluid material,
students need to fully comprehend in
analyzing forces such as buoyancy, weight
and pressure from fluids. Therefore,
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provision of practicum and simulation
accompanied by exercises to analyze the
force are expected to lessen or diminish
students' misconceptions on static fluid
material.
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