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Abstract

This study aims to analyze students' conceptual understanding and their difficulties in grasping the static fluid concepts after they
learned throughout integrated e-formative assessments in collaborative inquiry. This mixed-method research involved 28 senior high
school students. Students studied static fluid concepts with a collaborative inquiry strategy supported by the implementation of web-
based formative assessment. Students' conceptual understanding and their difficulties were assessed using multiple-choice
questions with the reasons (r= 0.75.). The result showed that students' conceptual understanding was improved after learning,
which is indicated by the moderate normalized gain value (0.5374), and the strong effect size (2.772). However, there were still
some difficulties that students have regarding factors that influence buoyancy. Providing more portion of the conceptual discussions
and practising problem-solving during learning through e-formative assessment were recommended. Learning difficulties that have
been found in this study can be considered and anticipated by teachers in teaching static fluid topic.

Keywords: collaborative inquiry, e-formative assessment, static fluid, student difficulties.

INTRODUCTION

The static fluid is a physics concept that is
found in students' everyday life. In the secondary
level, three basic topics are essential to learning
the concept: hydrostatic pressure, Pascal's Law,
and Archimedes' Principle. Many phenomena in
everyday life can be explained by the static fluid
concept (Sulasih et al., 2017). The buoyancy,
blood pressure, and water transportation in plants
are some examples of static fluid concept
applications. Students can solve a problem related
to static fluid based on the intuition and the
experience they get in everyday life (Besson,
2004). Therefore, static fluid concept should be
easily understood and mastered by students.

The previous study revealed that students
still have some difficulties in learning the concept
of static fluid (Kusairi et al., 2017). In a similar
vein, Handayanto et al. (2018) also found that
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students often face conceptual difficulties when
trying to solve static fluid problems, among others,
in understanding the concept of total force acting
on objects inside a fluid. Wagner et al. (2014) also
found that students found it difficult to understand
Archimedes' principles correctly. In addition,
research conducted by Loverude et al. (2010)
found that students experienced difficulties in the
concept of force acting on objects in the fluid and
connecting the force with the pressure concept.
Students also have difficulties understanding the
concept of hydrostatic pressure and what factors
influence it (Goszewski et al., 2013).

The collaborative inquiry learning is an
alternative of the inquiry learning model that has
been the focus of research in recent years (Gijlers
& de Jong, 2009; Raes et al., 2014; Urhahne et al.,
2010) and has been predicted to improve students'
conceptual understanding. Collaborative inquiry is
a learning model that encourages students to learn
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independently and think critically through a
scientific approach (Bell et al., 2010), and is
suitable for application in science classes (Ucan &
Webb, 2015), especially in physics learning. In a
collaborative inquiry, students are expected to be
able to explore and analyze various phenomena
that are scientifically studied through the
investigation process (including the formulation of
problems and hypotheses, data collection and
interpretation, and preparation of discussions) and
then discuss them in groups to exchange ideas
and knowledge. However, integrated e-
assessment formative in the collaborative inquiry
was not yet accomplished.

Despite this, learning needs to be supported
by good assessments, including formative
assessment (Bennett, 2011; Loughland &
Kilpatrick, 2015). Formative assessment is an
assessment carried out to facilitate student
learning by giving feedback (Weurlander et al.,
2012). Research had shown that formative
assessment helps increase student motivation and
achievement (Black & Wiliam, 1998; McMillan et
al., 2013). In physics learning, formative
assessment is also necessary to help students
learn, given the characteristics of tiered physics
subject matter (Kusairi, 2013). In practice,
formative assessment requires quite a long time
and is relatively complex. These problems,
however, can be overcome by carrying out the
process using the online computer technology or
E-assessment assistance. Besides being able to
overcome the problem of limitations in the
implementation of formative assessments, the
application of e-assessment can also increase
student motivation in learning and support the
improvement of the quality of learning in the
classroom (Lafuente et al, 2014; Rodriguez-
GOmez et al., 2016).

The purposes of this study are: (1)
Analyzing students' conceptual understanding in
fluid before and after learning with the integrated
e-formative assessment in collaborative inquiry;
and (2) identifying the difficulties that students
have in the subject of static fluid after finishing the
instruction process.

METHOD

This study is mixed-method research with
the embedded design model. Quantitatively, the

data collection on this current study was
conducted by delivering a pre-test, giving
treatment, and ending with a post-test.

Simultaneously, the qualitative data were collected
by analyzing the students' reasons when
answering the questions. The research instrument
used in this study was the concept understanding
test. The subjects in this study were 28 grade XI
students of one of the public high schools in Kota
Malang, Indonesia.

The treatment provided in this study is in the
form of learning activities using the Integrated e-
formative assessment in collaborative inquiry
learning. Learning activities are divided into three
meetings where at each meeting different topics in
the static fluid subject were discussed. At the first
meeting, the learning activities were carried out to
study the topic of hydrostatic pressure, at the
second meeting studying Pascal's law, and at the
third meeting learning about the principles of
Archimedes.

In each meeting the learning activities
carried out were based on the steps of
collaborative inquiry learning. The learning
activities consist of 6 phases described in the
following diagram.

Fase2 Fase3
Presenting |:> Ask students to

problems or form hypotheses to
phenomena to be explain problems or

Fase1l

Get attention and |:>

explain inquiry
procedures.

discussed. events
Fase 6
Reflect on the FaseS Fased
problems and the <:| Formulate an <:| Encourage students
to collect data to

process of
investigation
carried out.

explanation and / or

conclusion test hypotheses

Figure 1. Learning steps of collaborative inquiry
model

In learning with the collaborative inquiry
model, students carry out investigative activities
together (collaboration) in small groups, but each
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student still gets a worksheet even in one group.
Students must write the results of their
investigations on the worksheet even though the
investigation process is carried out through group
experiments and collaborative discussions.

In addition to using the collaborative inquiry
learning model in this study, learning is also
assisted with online class facilities on the e-
learning.fmipa.um.ac.id website that can be
accessed by students anytime and anywhere. The
use of websites for online learning is a form of
application of an e-formative assessment. On the
website, there are diagnostic tests, discussion
forums, learning videos, and formative questions
that students can use to learn. Every time before
the learning meeting is held, students are asked to
do diagnostic tests that students can use to
determine what material should be prepared for
classroom learning.

The questions used in this study were
adapted from the questions used in the research
conducted by Wagner et al. (2014); Goszewski et
al. (2013); and Rahmawati et al. (2018). Through
the instrument, two types of data were obtained,
namely quantitative data in the form of
understanding concept values and qualitative data
in the form of reasons for student’s answers that
illustrate  students' conceptual understanding.
Presented in Table 1 below are indicator and the
test item numbers used in the conceptual
understanding instrument.

Quantitative data obtained from student’s
concept understanding tests were used to analyze
concepts before and after learning using the
integrated e-formative assessment collaborative
inquiry model. Using quantitative data, Normalize
Gain that illustrates the increase in students'
conceptual understanding from pre-test to post-
test can be calculated. In addition, it also
calculated the impact strength of the treatment
given to students' conceptual understanding using
the d effect size. Qualitative data obtained is used
to describe students' difficulties in a static fluid
material.

Table 1. Indicator and test item numbers
distribution
. Number of
Indicators .
test items
Explain the effect of fluid depth on
. 1,3,4,9
hydrostatic pressure
Explain the effect of fluid density on
. 2,5,6
hydrostatic pressure
Use the concept of hydrostatic pressure
8,10
to solve problems
Use Pascal's principle concepts to 11,12, 13
solve problems
Explain the influence of density on 14, 17
buoyancy
Explain the effect of the volume of the 15. 18
fluid that is exposed to the buoyancy '
Solving related problems the state of
things floating, floating and sinkingina 19, 24
static fluid
Use the Archimedes principle to solve 20,22, 25
problems

RESULT AND DISCUSSION

Table 2 summarized the students’
conceptual understanding in static fluid concepts
that have been carried out in this study, presented
as descriptive statistics on the results of
understanding tests of the initial (pre-test) and final
(post-test) concepts.

Table 2. Descriptive statistics of students'
understanding
Descriptive Statistics Pre-test Post-test
N 28 28
Mean 32.65 70.41
Maximum 57.14 90.48
Minimum 4.76 47.62
Deviation Standard 14.65 12.59
Variance 214.52 158.49

Table 2 shows an increase in the average
value, the maximum value, and the minimum value
of understanding of students' concepts from pre-
test to post-test. All students experienced an
increase in understanding of concepts.
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Students' conceptual understanding can
also be seen based on the percentage of students’
correct answers to the test questions on each
concept. Presented in the following table are the
percentage of students' conceptual understanding
based on its concept.

Table 3. Students' conceptual understanding in
every learning indicator

Concept Percent Correct (%)

Pre-test  Post-test
Explain the effect of fluid depth on 25.89 74.11
hydrostatic pressure
Explain the effect of fluid density on 33.33 79.76
hydrostatic pressure
Use the concept of hydrostatic 23.21 78.57
pressure to solve problems
Use Pascal's principle concepts to 29.76 57.14
solve problems
Explain the influence of density on 67.86 92.86
buoyancy
Explain the effect of the volume of 17.86 60.71
the fluid that is exposed to the
buoyancy
Solving related problems the state 42.86 55.36
of objects floating, floating and
sinking in a static fluid
Use the Archimedes principle to 29.76 65.48

solve problems

From Table 3, it can be seen that students'
conceptual understanding of each learning
indicator has increased. Quantitative increase in
students' conceptual understanding has also been
calculated through Normalize Gain. The
Normalized Gain calculation for the value of
student understanding in static fluid concepts is
presented below.

Table 4. Normalize gain distribution for students'
understanding

Category Frequency  Percentage (%)
High 11 39.29
Medium Up 9 32.14
Medium Below 3 10.71
Low 5 17.86

Normalized Gain Category
Mean 0.5347 moderate

In Table 4, the normalized gain average
value is 0.5347, which means that the increase in
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students' conceptual understanding can be
categorized as a moderate or upper medium
(Sutopo & Waldrip, 2014).

Increasing students' conceptual
understanding can also be seen from the reasons
for the answers described by students. Students
who experienced an increase in understanding of
the concepts showed some changes in the reason
for their answers, which was initially wrong (at the
pre-test) to become correct (at post-test). At pre-
test, It appears that students still assume that
because distance to the surface is equal to
distance to the upper limit of the aquarium, the
pressure is the same. While at post-test, students'
conceptual understanding has changed to be
correct. Students can already understand that all
points in the same position in the same fluid will
have the same pressure.

The increase in understanding of students'
concepts is the impact of the treatment given in
this study, namely learning with an integrated e-
formative assessment in the collaborative inquiry
model. To find out how strong the influence that is
given by the integrated e-formative assessment
collaborative inquiry model on increasing students'
conceptual understanding, then d-effect size is
calculated. The results of the calculation of effect
size are presented in Table 5.

Table 5. Results of calculation of d-effect size

Pre-test Post-test
Mean 32.65 70.41
Standard 14.65 12.59
Deviation
d-effect size 2,772
Category Strong
Based on the pre-test and post-test

answers, it can be seen how far the students'
conceptual understanding in static fluid material at
the time before and after learning with the
integrated e-formative assessment collaborative
inquiry learning model has changed. The effect of
integrated e-formative assessment collaborative
inquiry learning model on students' conceptual
understanding is strong.
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Student Difficulties in Static Fluid Concept

From the percentage of students'
conceptual understanding in Table 3, it can be
seen which indicators are still low, which means
that many students have not mastered the
indicated concept yet. Three indicators still have a
low percentage of concept understanding. The
concept uses Pascal's principle to solve problems,
explain the effect of the volume of fluid transferred
to floating views, and solve related problems when
things float, float, and sink into the static fluid. On
these indicators, students experience difficulties in
this static fluid material. Some of the difficulties
experienced by students after learning are as
follow.

Difficulty in Determining Factors that Affect the
Buoyant Force

Many students have difficulty understanding
the concept of buoyancy on Archimedes' Principle.
This can be identified from the results of the work
on mastering the concept number 18 (Figure 2).

Three cubes A, B, and C as shown in the picture below have the same
mass A B c
When the three cubes are immersed into the water simultaneously, the beam

that gets the biggest buoyant force is....

a. Cubes A (Pre: 28.57%, Post: 0 %)

b. Cubes B (Pre: 10.71%, Post: 0 %)

c. Cubes C (Pre: 25 %, Post: 46.43 %)*

d. The three cubes get the same buoyant force (Pre: 21.43, %, Post: 53.37%)

*The Correct Answer
Figure 2. Students' responses on item number 18

The buoyancy force is the total force given
by the fluid to an object inside the fluid. The
magnitude of buoyancy force is influenced by the
fluid's density, the gravity acceleration, and the
object's volume being moved. Even though the
mass of two objects is the same, if the volume is
different, then the buoyancy force is also different.
However, many students still think that the buoyant
force acting on an object in a fluid is affected by
the object's mass. In question number 18, students
tend to be more likely to choose answer D
because, in the question, it is stated that the three
beams have the same mass. Many students

assumed that the buoyancy force effect when the
beams are equal.

Such findings confirmed the findings of
Apaydin (2014) that students sometimes believe
there is a direct relationship between the buoyancy
force and object mass. This may occur because of
students' intuition or personal experience.
Students, for example, very often observe that a
stone can float while a cork does not float, even
though it is the same size. The association
between mass and buoyancy, therefore, is strong.
In other words, learning can reinforce the
conceptual systems that students have in mind
(Hammer & Elby, 2003). Further research into why
learners associate mass with buoyancy, however,
needs to be done in more depth in the future.

Difficulty in Determining the Buoyancy Force of
Non-Liquid

This difficulty can be seen through the
results of working on questions number 24 by
students. On the question, students are asked to
compare the forces acting on a balloon that is
floating in the air. The following is presented in the
concept of mastering number 24 (Figure 3), which
is accompanied by the percentage of students who
choose each answer option.

A balloon filled with helium is floating in the air as shown in the following
picture.

(-

—
D

The following statement which is correct in stating the relation of forces acting

on a balloon by air is...

a. Fa—=Fn = Fc¢ Fp (Pre: 35.71 %, Post: 50 %)

b. Fa = Fc= Fs = Fp (Pre: 3.57 %, Post: 3.57 %)

¢. Fa=Fc= Fu = Fp (Pre: 25 %, Posf: 21.43 %)

d. Fe < Fa = Fe< Fp (Pre: 17.86 %, Post: 50 %)*

*The Correct Answer
Figure 3. Students' responses on item number 24

On that question, students who answered
correctly were only 50% (D answer) at the post-
test. It is seen that students have difficulty if
students  encounter questions about the
Archimedes principle of buoyancy force but not
about objects that are in liquid, but rather in other
fluids in the form of gas substances. Some
students may realize that a balloon floating in the
air is surrounded by air, which is also a fluid that
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gives a force to a balloon and the force given by
water to an object in the water.

The association of student learning
experiences plays an important role in student
understanding, as stated in the previous section.
Students often ignore the context when providing
an explanation (diSessa, 2018; Gette et al., 2018).
In many sources, fluid is more frequently identified
as a liquid rather than gas. Furthermore, students
experienced more frequent interaction with liquid
phenomena, allowing students to provide intuitive
explanations. According to Gette et al. (2018), the
errors of students in explaining the phenomenon of
buoyancy force are not due to a lack of conceptual
understanding, but because an intuitive
explanation of the phenomenon is possible.

Difficulty in Implementing Pascal's Principle on
Hydraulic Machines

This difficulty can be seen through the
results of work on the understanding of concept
number 13 by students (Figure 4). The question
asked students to think about the concept behind
a hydraulic machine that applies Pascal's law. The
following represents the conceptual understanding
of number 13, which is accompanied by the
percentage of students who choose each answer
option.

‘Washing a car uses a hydraulic engine to lift a car weighing 16000 N, as
shown below.

|
|

The following statement that corresponds to the conditions above is...

a. For lift the car, the pressure on A; must be equal to the pressure on A; (Pre:
7.14 %, Post: 7.14 %)*

b. The car will not lift if the fluid pressure on the big piston is the same as the
fluid pressure on the small piston (Pre: 14.29 %, Post: 21.43 %)

c. Force Fy downwards produce force Fowith the same magnitude but in
upward direction (Pre: 32.14 %, Post: 50 %)

d. If the force F, is smaller than the weight of the car, the car doesn’t lift.
(Pre: 28.57 %, Post: 21.43 %)

*The Correct Answer
Figure 4. Students' responses on item number 13

On the question both at pre-test and post-
test, students who answered the questions
correctly (answer A) were only 7.14%. Indeed,
students have known that Pascal's Law basic
concept in hydraulic machines is that the pressure
on small pistons and large pistons are large. This
is evidenced in questions number 11, and 12
where many students have been able to use the
equation P1 = P2, or F1/ Al = F2/ A2 to solve a
question that asks students to calculate the value.
But when students were asked to think about the
concept of Pascal's law on the hydraulic machine,
many students still experienced difficulties. Many
students tend to choose answer C because it is
possible for students to think that the magnitude of
the force produced on both pistons is equal to the
same cross-sectional area. But this is wrong
because on both pistons the pressure is the same,
but the cross-sectional area is different so the
force produced is definitely different.

Such findings confirmed a study conducted
by Chen et al. (2013) that the understanding of
Pascal's law by students tends to be inconsistent.
Students can solve problems in one context, but
students fail to provide explanations in other
contexts. In addition, this misconception needs to
be anticipated because many students believe that
the notion of static fluid pressure can be used to
explain the notion of dynamic fluid pressure
(Suarez et al., 2017).

In general, research have shown that
collaborative inquiry learning accompanied by e-
formative assessment could improve
understanding of static fluid concepts. In other
words, this learning impacts students' conceptual
understanding and decreasing students' difficulties
is the change in students’' conceptual
understanding of the hydrostatic pressure topic.
The initial understanding of most students is to
assume that hydrostatic pressure depends on the
shape of the container that holds the fluid, which in
turn also strengthens the results of the study
(Goszewski et al., 2013). However, such
understanding is only found in the post-test; most
students have been able to master the concept
correctly, namely assuming that the hydrostatic
pressure is not influenced by the shape of the
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container that holds the fluid but depends on the
depth.

It could be stated that learning with the
integrated e-formative assessment collaborative
inquiry model could increase student
understanding of concepts. In learning with the
collaborative inquiry model carried out in this
study, students were asked to conduct
investigations to find concepts that are being
studied in a structured manner. This can help
students understand every concept that is being
studied well. The results of this study are
consistent with the research conducted by (Sun et
al., 2017), who found that collaborative inquiry was
able to increase understanding of concepts and
critical thinking.

The application of e-formative assessment
also plays an effective role in helping students
learn well. The limited amount of time available for
classroom learning can be overcome by a website
that can be used to apply formative assessment
and authentic assessment. On the website,
diagnostic tests and formative questions are
provided, which can be used by students to learn
and get direct feedback. Effective and efficient
feedback on the process of applying formative
assessment can increase student motivation in
learning  (Loughland &  Kilpatrick, 2015;
Weurlander et al., 2012). Authentic assignments
given can make students actively use the concepts
they have been able to make an explanation
related to the application of these concepts to the
real world so that they can understand the
meaning behind the knowledge they have
acquired. According to Dennis et al. (2013), the
application of authentic assessment can help
students learn more meaningful.

Students 'difficulties in this study can also
be identified based on students' answers to the
conceptual understanding test. One of the
difficulties of students is in understanding the
magnitudes that affect the magnitude of buoyancy.
Research conducted by Wagner et al. (2014)
found that students found it difficult to understand
Archimedes' principles correctly related to
buoyancy; the same was found in this study. This
difficulty can be seen from the students' answers

to the concept of mastering item number 18.
Students still understood that the buoyancy force
acting on an object depends on the object's
magnitudes, such as the mass of the object. This
is because the initial conception of students that
may not have changed, namely to assume that an
object can float or sink, depends only on the
object's mass or the object's gravity.

The next difficulty is when students
encounter problems related to objects that are in a
fluid that is not liquid. In number 24, many students
have difficulty identifying the forces acting on a
floating balloon. These findings are similar to the
results of a study conducted by Loverude et al.
(2010), which found that students experience
difficulties in the concept of forces acting on
objects in a fluid. This is probably due to students
not getting enough examples of the application of
the Archimedes principle to objects that are in a
gas-shaped fluid.

The interesting result found in this study is
on the topic of Pascal's law. In the concept
understanding questions, there are three Pascal
law questions, where two questions are in the form
of calculation problems and one in the form of a
conceptual problem. The results of the conceptual
understanding test show that the two numeracy
guestions each can be answered by 82.14% of
students correctly. Still, for one conceptual
question about Pascal's law, it can only be
answered correctly by 7.143% of students.
However, the portion of conceptual discussion
related to Pascal's law during learning is more
than the portion of the practice on numeric
calculation problems. This shows that there are
still many students who have difficulty in
understanding the concepts of Pascal's Law
correctly. This difficulty is probably due to not
enough learning time for Pascal's law. Indeed, the
things to be discussed on this topic are not as
much as on the topic of hydrostatic pressure and
Archimedes's principle.

CONCLUSION

The research showed that students
experienced a positive change in conceptual
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understanding after learning with the e-formative
assessment integrated into the collaborative
inquiry model. Although there is a general increase
in understanding of static fluid concepts, we also
found some students' difficulties. First, students
have difficulty in understanding quantities that
affect the magnitude of buoyancy. The second is
difficulty in understanding the concept of buoyancy
when objects were in fluids that were not liquid.
The last is difficulty in understanding the concept
of force related to the application of Pascal's law to
hydraulic machines. These difficulties can be
considered to be anticipated by teachers in
teaching static fluid.

Providing more conceptual discussions and
problem solving on static fluid material is
suggested, especially through the application of
formative assessment, by giving conceptual
questions and then discussing them during
learning. For further research using the same
learning model, it was recommended to carry out
research using experimental classes and control
classes and other research subjects.
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