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ABSTRACT

This study aims to explore the mental models of students about suspending objects in
liquid fluid. The study used a descriptive qualitative method and implemented cross-
sectional approach. It involved 57 students from grade 5 of elementary school to fourth-
year prospective physics teachers. The data collection used a test consisting of twenty-six
essay and four multiple-choice items, which covered several contexts and factors. The
data were analyzed by adapted phenomenographic procedures and integrated with some
stages of thematic analysis. The types of mental models that were successfully explored
include the density-, mass-, weight-, volume-, and gravity-based model, leaked boat
model, air as a floater model, etc. The predominant students” mental model was the initial
one, followed by the synthetic and scientific level, respectively, and the adopted mental
models tended to form a hierarchy based on the grade of students. The results showed
that the suspending models tended to be adopted and was influenced by the mental
model in the floating and sinking contexts. This result confirms the findings of previous
studies, which stated that mental models depend on the context of the phenomenon
being presented. The existence of variations in the students' mental models for reasoning
about density and depiction of suspending objects revealed gaps in the consolidation of
their mental models. In learning activities, it is not enough to teach the concepts of
floating and sinking. Hence, an adequate portion for the suspending concept must be
provided by depicting various object positions and emphasizing a more conceptual of
density-based model..
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suspending.

Cognitive science studies of mental models have been an interesting area of research in

psychology and science education (Corpuz & Rebello, 2011). This field has attracted the interest of
researchers to explore learners’ mental models for physical systems, which include numerous objects,
events, or phenomena on a macroscopic and microscopic scale. The physical systems, which may be
concrete or abstract, enable the learners to have direct and indirect experiences that form the basis of
their mental models in this domain.

There are several studies on mental models concerning the macroscopic or microscopic
phenomena, such as those conducted by Kaniawati et al. (2019), Nongkhunsarn et al. (2019), Ozcan &
Gercek (2015), as well as Yildirir & Demirkol (2014). Other researchers include Adbo & Taber (2009),
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Bonnefon (2004), Borges (1999), Corpuz & Rebello (2011), and Vosniadou & Brewer (1992). Such
previous studies, which involve these phenomena vary widely relating to aspects of the research,
including conceptions, misconceptions, reasoning, and mental models. The study of specific contexts,
such as the phenomena of floating and sinking, also has an appeal for researchers.

Floating and sinking are widely studied phenomena, taught to pre-school children and
university students. These studies include research which examined the conceptual changes that occur
in children aged six years (Havu-Nuutinen, 2005), eight grade students (Cepni et al., 2010) related to
floating and sinking, and eleventh grade students about buoyancy (Djudin, 2021). Also, Yin et al.
(2008), as well as Chien et al. (2009) , as well as Teo et al. (2017) investigated the concept of why an
object floats or sinks. In addition, Howe et al. (1990) examined elementary school students’
understanding of floating and sinking in peer interaction settings. Minogue et al. (2015) examined the
ideas of prospective elementary school teachers about buoyancy associated with the haptic feedback
system. Study by Gette et al. (2018) also explored the effects of question and instructional design,
focusing on density-based arguments for floating, sinking, and neutral buoyancy cases. The study by
Castillo et al. (2017) revealed that adults experience systematic errors in understanding sinking
objects. Additionally, Nongkhunsarn et al. (2019) examined mental and analytical thinking models of
grade 11 students regarding density and pressure in fluids through the Science Technology and
Society (STS) approach.

Apart from studies on conceptions, misconceptions, and instructional design related to
floating and sinking phenomena, several studies also focused on related assessments. An example is
Viyanti et al. (2017), which developed rubrics as an alternative assessment for these concepts. Also,
Kafiyani et al. (2019) examined a four-tier diagnostic test to identify mental models in static fluids,
while Shen et al. (2017) developed an assessment and instructional design using “Released blocks”
and “Cartesian diver.”

Study by Gette et al. (2018) showed that students can associate floating and sinking behavior
with the relative density of the blocks to water. A complete understanding of the structure that causes
objects to float and sink requires non-trivial knowledge, including an analysis of the relationship
between buoyancy and force (Radovanovi¢ & Slisko 2013).

Based on the description above, the focus of previous studies can be stated to be solely on the
floating and sinking phenomena, which was dominant on the conception, misconception, or
reasoning. Consequently, the contextual study of suspending objects did not seem to concern the
researchers, and aspects of mental models of these phenomena tended to be neglected.

Apart from the absence of a study on mental models of suspending objects, this study is also
based on the results of observation in school physics course with a consistent pattern. Here, the
students described the suspending objects’ positions, particularly in the middle of the depth of water
in a vessel. When an external representation of an image containing three objects positioned varying
with the depth of the water is provided, a stable object near the water surface is floating. Meanwhile,
the object near the base of the vessel is said to be sinking. It can be assumed that this concept is
influenced by habits in instructional activities and presentations in textbooks where the suspending
object is represented as always in the middle of the depth of the liquid. Another allegation is that
educators have focused only on floating and sinking objects so far. Meanwhile, suspending objects are
taught to be limited to reviewing the similarity between the density of objects and liquids without
adequate explanation, causing students to make simplifications. They develop personal mental
models, which has implications for the depiction and representation of suspending objects. Another
possibility was stated by Cepni et al. (2017) that in linking science to daily life, prospective teachers do
not emphasize feelings, observe, or understand science in everyday events or situations. They witness
objects at various water levels without a solid understanding of how real entities, such as submarines
and fishes, maintain their suspending condition. Students did not expect that ordinary object, for
example, block, to reach a suspending state is a very rare phenomenon (Gette et al., 2018).

Studies on understandings, conceptions, misconceptions, and mental models of everyday
phenomena have been carried out by several researchers with a cross-sectional study approach. For
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example, Cepni & Keles (2006) explored students' conceptions of simple electrical circuits and found
that there were misconceptions across ages and there were certain mental models that were
dominantly adopted by certain age levels. Tiirk et al. (2015) examined the mental models of grade 5 to
grade 8 students regarding climate formation and how this model changes in terms of grade levels.
The study revealed that students have various alternative conceptions and mental models that are not
in line with scientific explanations. Studies in the other fields of science that applied cross-sectional
approach include Coll & Treagust (2003), Génen & Kocakaya (2010), Kurnaz & Eksi (2015), Lin (2017),
Sahin et al. (2008), Vosniadou & Brewer (1992), and Vosniadou & loannides (1998).

From the literature review, it can be concluded that cross-sectional studies are quite widely
applied to science education. However, there is no cross-sectional study that explores students' mental
models for the phenomena of suspending objects in liquid fluid.

Mental Model and Representation

The study of misconceptions has led to the use of the term “mental models or
representations” (Ravanis, 2019) in science education research. This term refers to internal
representations that act as analogous structures of a process or situation (Greca & Moreira, 2000).
Mental models are internal representations of objects, states, sequence of events or processes, the way
of percieveing the world, as well as psychological, and social actions. These models allow individuals
to make predictions and conclusions, understand phenomena and events, make decisions, and control
their implementation (Borges, 1999).

Scientists and researchers have found various models to represent objects, events, or
phenomena. These findings have raised questions about how the models affect the development of
mental representations and the use of strategies as well as concept building processes by learners in
the classroom. According to Mayer’s theory (Canlas, 2019), an important aspect of the educational
process is a visual representation, which includes the externalization of information as a visual model.
It indicates that images and words, produced orally and literally, and used at the same time, can
improve cognition and mental model construction. Based on this framework, it can be stated that
visual representations, such as the produced images and texts, allow access to a person’s mental
model.

When dealing with new experiences, learners often test the adequacy of their mental models.
These tests may involve many representations, rules, and procedures at any point in the development
that may be challenging to implement. During the teaching-learning process, students construct and
modify these mental models. Consequently, this change can be a long and difficult process, depending
on the model’s complexity (Corpuz & Rebello, 2011).

The ability of learners to change their conceptual knowledge is believed to depend on the
flexibility of their internal representations. The theory of representational redescription (RR) by
Karmiloff-Smith (1990) described the acquisition of knowledge through sequential phases. These
phases started with knowledge representation in a procedural, implicit way, followed by a re-
representation at various abstraction levels. According to this theory, the flexibility depends on the
level of representation (van Schijndel et al., 2018).

Based on the previous studies and preliminary findings above, it is necessary to conduct a
systematic study of learners’” mental models and aspects related to suspending objects. Two questions
have been focused during the study.

1. How were the mental models adhered by cross-grade students related to suspending objects in
liquid fluid for different contexts?
2. How were the categories of mental model related to the cross-grade students?
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Method

This study used a descriptive qualitative method. The study adapted a cross-sectional study.
Cross-sectional studies apply indirect measurements of the nature and rate of change in physical and
intellectual development where there is one time measurements (Cohen et al., 2007). Previous studies
did not distinguish between cross-age studies on cognitive development with cross-grade studies on
the effect of curriculum and environment (Lin, 2017; Mansyur et al., 2022). In this study, the students
were selected based on grade, it was categorized as a cross-grade study. Therefore, the mental model
obtained was considered as an influence of the curriculum and the environment.

Participants

This study involved students in grades 5, 6, 8§, 9, 11, and 12 from public elementary schools,
public and private junior, and senior high schools, along with physics student teachers in their first,
second, third, and fourth years. The involved schools are among the favorite schools in Palu City, and
the description of students is presented in Table 1.

Table 1

Description of participants

Grade Code Number of students

Primary school-Grade 5 P5 3
Primary school-Grade 6 P6 3
Junior Secondary School-Grade 8 J8 8
Junior Secondary School-Grade 9 Jo 8
Senior High School-Grade 11 S11 10
Senior High School-Grade 12 S12 9
Undergraduate-Year I Ul 4
Undergraduate-Year II 02 4
Undergraduate-Year III U3 4
Undergraduate-Year IV U4 4

Total 57

The recruited students were the best in their respective classes, based on data and teacher
recommendations. They were voluntarily involved and received parental consent after the school
contacted them. After the students' names were obtained from the school or teacher, the research team
contacted them to arrange a meeting for data collection. The involved university students were also
students with the highest GPA in their group. Meanwhile, the data collection was performed at
students” homes and schools as agreed, and due to the COVID-19 pandemic, the research team and
students employed the necessary protocol. These protocols involved using a mask, keeping distance,
and applying hand sanitizers after holding the test sheet. As part of ethical consideration, students’

identities are kept confidential by using initials or pseudonyms.

Instrument

In this study, the instrument used for data collection was a test consisting of 30 items
comprising an essay of twenty-six items and a multiple-choice of four (some samples of items are in
Appendix A). In the essay items, the students were asked to provide brief answers, pictures, or
explanations of the aspects being asked. Conversely, in the multiple-choice items, three of the asked
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items were to select one or more options, while the last one requested only one choice. While the
dominant test items were the suspending phenomena, the floating and sinking contexts were
provided to test the initial assumption that the possibility of the dominant model was influenced by
mental models of both representations. The test underwent the development procedure, which
showed that the items had content and face validity in the very good category. Also, it revealed that
Cohen’s Kappa (x) reliability of 0.715 (sig. p = 0.000) was in the high category (Kaharu & Mansyur,
2021; Mansyur et al., 2022).

Instructions, explanations, and additional verbal information were supplied before the test,
for instance, the meaning of the words "hole" and "hollow" were followed by examples and differences
between the two. The basic assumption used in the test was that water as a fluid for floating,
suspending, or sinking was a liquid with a density that remained unchanged or incompressible even
when pressure is applied. This density is uniform or homogeneous in all parts, regardless of the depth
or location of the points being studied. Another assumption concerning the material context is that
objects that are cut or divided into several parts are homogeneous with a uniform density over all
parts of the item. For treatments, such as the creation of a hole or hollow, the object in question is
rigid.

Data Analysis
Based on the study objectives, the data were analyzed qualitatively-descriptively. The data
analysis adapted phenomenographic procedures (Walsh et al., 2007) and was integrated with some

stages of thematic analysis (Vaismoradi et al., 2013) as presented in Table 2.

Table 2

Data Analysis Stages

Stage Description

I Building familiarity with the data Reading and re-reading the student’s statements, as well as
noting initial ideas.

I Identifying emerging themes Extracting meaning based on the students” answers or

statements

Integrating theme and the creation Grouping themes based on the types of students” answers,

It of category descriptions composing descriptions based on extracted characteristics or
meanings, grouping the students into description categories
IV Giving a name to the theme Giving names to the mental models

V  Arranging the outcome space Preparing tables containing the outcome space and the

description categories of the mental model

VI Categorizing and leveling Constructing a mental model hierarchy

The naming of the mental model adapted the methods proposed by Harrison & Treagust
(2000), Shen et al. (2017), and Nongkhunsarn et al. (2019). For example, a hole was made in the objects
in the context of floating, suspending, or sinking, then the students’ mental model was to give names,
such as the density-based model, mass-based model, etc. If respondents relate the effect of hole to
density, their answer would be termed "density-based model" abbreviated as DbM. Conversely, the
answer is named “mass-based model” (MbM) when referring to mass or “volume-based model”
(VbM) to denote volume. Furthermore, the mental models were categorized into levels according to
Kurnaz & Eksi (2015) and Vosniadou & loannides (1998) and, specifically the initial model (IM),
synthetic model (SyM), and scientific model (ScM), based on their characteristics, and followed by
counting the average proportion of each level.
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Findings

The following section shows the research findings based on themes that stand out for each
context. Quotations from students' answers are presented in the form of pictures at the beginning
only. For the other contexts, examples of students’ answers are presented in Appendix A. The
categorization of the identified mental models is included in the appendix.

Mental Models Related to the Determinant Factors of the State of Objects in Static Liquid
Fluid

On the test sheet, one item required an open-ended answer by asking why an object is
floating, suspending, or sinking. From this item, the data showed that most students referred to the
ratio of the density of the object and water, while some described gravity and lifting force (buoyancy).
Although the students in grades 5 and 6 only referred to the weight and mass of the object, a senior
high school (for example: S11a) student described masses other than density (Figure 1). The answers
have been translated and typed in Figure 1, while the original answer is next to it.

Figure 1

Example of the Student’s Answer (S11a), Determinant Factors of the State of Objects in Water

|* Benda tecapung , karm M"jrf‘* nya (ebik A object floats because i+s mass is less Hhan +he mass of
kecil dariypoda mmasra air € et Yeatng
dibecrikan juga kedil Wﬂ‘/’ﬁi’: . . L.
; R o ., AN object suspends becanse its mass is similar o the mass
- ac le)
Plomckie Melagpo, Fne of water

bu bt sama dengan mMmassa aic

[ Mienda = Maic) Motior = Wheter
be - <

o P An object sinks because its mass greater tham the mass
. Benda enggelam, €arna as
lebil  besar  dari (aodo- bassa aic of water

(M;,enda > Maic) MMW}MWM”

The consistency of the student’s model was further confirmed through other items that
required close-ended answer by providing several choices about the determinant factors for floating
or sinking object. In the item about the causes of floating, suspending, or sinking, the dominant
student was the DbM in the ScM category. However, some students adopted SyM by referring to
weight, mass, volume, density, and gravity, in the items concerning the choice of the factors that
caused floating or sinking. The example of the student’s answer is presented in Figure 2.

Figure 2

Example of a Student’s Answer (S11a), Determinant Factors of the State of an Object in the Water

[ a b e xl e ® 2 h o TF the object's mass is less +han 1he mass of water,
- Fvea masxa benda \ebil. Eecit doet tmassa +/45 Dbjﬁ&+ W/// ﬁod-/'.
aie wmava bendga aecan terapeong

o T the density of the object < the density of water,
- 3‘1 ra hmoaa jenis kbenda < tocca jenic !
Zat coir taka tekcrman gang  dibeci Fon then the pressure exerted on the water is small.
Poda ate Mk et o The volume of the object will affect the density of
- . e 0 agl b, A. .
Veolvare beoda AQkan berpergacu poda ‘f’/ﬂﬁobjﬁh‘.

YEEECOA besac dan eeClilnya nMmassc jerds
wenda .

The assumed model by the student was categorized as SyM because it involved a conceptual
model (S5cM) and another representation in the IM category. Outcome space based on extracted data
and generated themes is presented in Table 3.
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Findings for Determinant Factors for Floating, Suspending or Sinking Object (for Open-Ended Answers)

Model Description Primary Junior Senior Undergraduate
t
The density J8at, J8b, J8c, s 1?112 1’ 151 1511/1 ¢ Ula, U2a, U2c,
Density-based determines the J8d, J8e, J81, ]8g, SllCI Sllli, 511,’ U2d, U3b, U3c,
model* state of the J9a, J9¢, J9d, ]9, &2 O y3d, Uda, Udb,
obiect 19g, [9h S12a, S12b, S12f, Ude Udd
] & S12g, S12h ’
Gravity-based The g'r avity
determines the J8at
model* .
state of an object
The existence of
Buoyancy-based buoyancy . . Ulc, Uld, U2d,
model* determines the S11d, S11j, S12i U3a
state of an object
The presence or
.. absence of
Hollow-existing hollow J8at s12d
model* .
determines the
state of an object
Mass-based The state of an
model * object depends P5c J8at, J8h, Jof Sl1lat, S12¢, S12e Ulb, U2b
on its mass
The state of an
Weight-based P5a, P5b, P6a,
j t
model * ob]eFt dep.ends Péb, Péc J8at, J8h, J9b
on its weight
The state of an
Surface area- object depends
. : S1lat
based model on its surface
area

Note: *Scientific Model Category, 1 Students adhered Synthetic Model Category (Scientific Model and Initial Model at the same
time)‘ Initial Model Category, a, b, c... are the first, second, third...students in the same academic level.

The exploration of the mental model provides data on the extraction results. In exploring the
factors which cause objects to float or sink with open-ended questions, it was found that the students
dominantly adhered to DbM and the proportion in the ScM category also increased with academic
level. The data also showed that none of the primary school students reviewed density as a
determinant of floating or sinking to an object. Those adhered to the DbM regarding the cause of
floating, suspending, or sinking were also generally adopted to the material-based model (MabM).

In the close-ended question format where the students were allowed to choose one or more
factors that caused objects to float or sink, the data showed that none of the students in grades 5 and 6
considered the density variable. This finding was consistent with previous responses to open-ended
question. Meanwhile, the proportion of students in grades 8 to 12 that considered the density concept
instead of gravity increased, along with education. However, density did not appear to be a major
factor in causing object to float or sink. Some students at this level considered the mass, weight, and
volume of the object and even liquid. Also, some of these students attributed the density to the mass
and volume represented in the formula p = m/V. Generally, there were differences in the proportion
of students that adhered to a particular model concerning the two types of used items. For items that
asked students to choose one or more variables, the number of students in the SyM category was more
than the type of item that demanded open-ended answers. For example, in the open-ended question
item, the number of students that adhered to MbM was nine, while twenty students chose the model
in the closed item. The changes in this amount also occurred for the VbM and the weight-based model
(WbM).
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The weight of an object was considered a determinant of floating or sinking by giving the
example that a light object will float while a heavy one will sink. This model was called WbM and a
large proportion of the students adhered to it. Although there was a unique model where the weight
variable determined the probability of an object to sink, the variable only applied to the factors that
caused the sinking. It appeared that the students utilized the everyday understanding of the word
“weight” (a variable) or “heavy” (a condition) as the state of the object in contrast to the word “light”
and not as the quantity of force.

In exploring the factors that cause objects to float or sink with open-ended questions, it
appeared that the students dominantly adhered to DbM and the proportion in the ScM category also
increased with academic level. The data also showed that none of the primary school students
reviewed density as a determinant of floating or sinking to an object. Those that adhered to DbM
regarding the cause of floating, suspending, or sinking also generally adopted the material-based
model (MabM). Although the used items do not explicitly state density, this model implicitly is DbM
in the context of material versus shape. Meanwhile, some students adhered to DbM but ignored the
material factor and instead considered shape as a determinant of the material's state in the fluid.

When they were asked about two objects of different shapes which are made from the same
material, a balanced polarization (between material and shape) of the model was assumed by each

student. The results can be seen in Table 4.

Table 4
Findings for Mental Model Related to Material Versus Shape

Model Description Primary Junior Senior Undergraduate
. Ula, Ulb, Ulc
I ical ial S11j, S12a, ’ / !
dentical materia J8b, J8d, J9a, )y o8 Uld, U2a, U2¢,
. objects have the S12b, S12d,
Material-based model* me state in P5a, P6a, P6b ]9, J9d, ]9, S120t S12h U2d, U3a, U3b,
jjatsrs ate J9f, J9g, Joh 21’2' " U3d, Udb, Udc,
v U4d
The size/volume
Volume-based model®  determines the S11h, S12gt
state of the object
The weight
Weight-based model ® determines the S1ih
state of the object
The shape
determines th.e S11a, S11b,
state of the object.
. Sllc, S11d,
Regular objects J8a, J8c, J8e, S11e S11f
Shape-based model ¢ will float while P5b, P5c, P6c  J8f, J8g, J8h, 11 ’ s1 1i’ U2b, U3¢, Uda
irregular ones J9b & =0
have difficul S12c¢, S12e,
ave difficulty S12f

balancing and will
sink easily, etc.

Although the used items do not explicitly state density, this implicitly model is DbM in the
context of material versus shape. Meanwhile, some students adhered to DbM (based on data from
Table 3) but ignored the material factor and instead considered shape as a determinant of the
material's state in the fluid. Several statements exist concerning the shape-based model (SbM),
including “objects with irregular shapes are difficult to balance, regular objects have a wider surface,
hence, they easily float”. Other statements are “there are many possible irregular states of matter, and
the regular object is less likely to sink”.

The proportion of students that adhered to DbM and Shape-based Model (SbM) was relatively
the same, and these models were also adopted by all academic levels. There was a shifting in the
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proportion of students that embraced DbM to SbM, which illustrated that the shape of the object was a
factor considered by some of the DbM students.

Table 5

Findings for Determinant Factors for Floating or Sinking Object, Which Utilized Close-Ended Answers and

Permitted the Students to Have More Than One Choice

Model Description Primary Junior Senior Undergraduate
Slla, S11bt
! ! Ulat, Ulbt,
J8at, J8d*, J8et, Sllct, S11d, Ule %ld U2a
The density of the liquid J8ft, ]9a, S11f, S11gt, U,2b : U,2 ; ’
determines the state of J9d#, J9et, JOf, S11h, S11i, r 5
. U2d, U3a, U3Db,
the object J9g, J5h S12a, S12bf,
U3d, U4b, Udc,
S12ct, S12dt, Uid
S12et, S12h#
Density-based Slla, S11ct,
model* S11f, S1igt, Ulat, Ulbt,
J8at, J8b, J8c, S11h,S11i,  Ulc, Uld, U2a,
The density of the object J8d#, J8et, J8ft, S11jt, S12a, U2bt, U2ct,
determines the resultant J9a, J9bt, J9ct, S12bt, S12ct, U2d, U3af,
state Jodt, J9et, JOf,  S12d% S12ef,  U3b, U3d, Udb,
J9g, J9h S12ft, S12gt, Udc, Udd
S12h#, S12it,
S11bt, S11f,
Gravity-based Gravity determines the J8at, J8d, J9dt, Sllgt, S12bt, Unet Ud
model* state of the object J9et S12et, S12ht, ¢
S12if,
i 3
Mass-based The mass of the object J8at, J8et, J8ft, S11bt, STlgt,
model ¢ determines the resultant P5c J8g, J9bt, J9ct S12b%, S12c, Ulat, UlbY,
o %”9 & et | S12dh Sizet U2bt, U2ct
state 1 7e S12ht
Weight-based zhf weight f}f thf (t’b]e“ P5a, P6a,  JSai,J8bt, J8fi,  Sllgt, S12bt,
model ® lie;tm;,nef ﬂe Sta ei;ls P5b, J8h, J9bt, Jodt  S12dt, S12et, U2¢t, Usc
ght objects Foal, whtle Péb, Péc S12it,
heavy one’s sink
. Sllct, Sllgt,
The vol f th t
e volume of the objec J8at, J8c, J8dt,  S11jt, S12bt,
determines the resultant Ulat, Ulbt,
. . J8et, J8£*, J9ct, S12d#, S12et,
Volume-based state (has a relationship J9ds, J9et S12ft S120t U2bt, U2ct
. 7 7 g 7
model with surface area) S12ht S12it
The volume of the liquid J8at, J8et,
11¢g#, S12bt,
determines the state of J8ft, ]8g, Jobt, Sligt, S12b U2ct, U3at
the object J9ct

There were two items to explore whether the mental models possessed in the floating and
sinking contexts affect the suspending state representation. In both items, the students were allowed
to choose more than one option, along with examples. From these two items, data were obtained and
extracted into several themes. The extraction result is presented in Table 5.

Table 5 also shows that the IM category is dominantly adopted by elementary school students
while ScM is dominant by university students. The transition between the two, namely the SyM
category is dominantly adopted by junior and senior high school students. Although items with close-
ended answers did not provide an option for the surface area of the object, some students from the
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VbM gave examples by relating them to volume and the “ease” of large-surface objects to float. Also,
some of the students in this category understood that flat-plate-shaped objects, which are associated
with a surface area that touches the water, are easier to float.

Mental Models Related to the Position of Suspending Object

The effect of the floating and sinking models adopted by the students on the suspending
context was also studied, and the data extraction result is presented in Table 6.

Table 6
Findings for Mental Model Related to Depiction of Suspending Object

Model Description Primary Junior Senior Undergraduate
Ulb, Uld, U2a
i 11a, S11f, S11h, ! ! !
Arbitrary Varies between J8g, J9f, J9g,  oola SE ST ) g, Usa,
surface of the water S11i, S11j, S12¢,
model* J9h . U3¢, U3d, Udg,
and vessel base S12g, S12i, Uid

J8a, J8b, J8d, Sllc, Slle, Sllg,

In the middle of the P5a, P5b, J8e, J8E, Jsh, S12a, S12b, S126,

Middle model* Ula, Ulc, U2b,

P5¢c, P 4 4
depth 5, P6b - 1o¢, jod, 19e, S12f, S12h Usb, Uda, U4b
Semi-floating Above the center and
modelt below the surface line Péa J9a S11b, 512d,
Floati
oatms On the surface Péc J8¢, J9b S11d
model ®

Note. *Scientific Model Category, t Synthetic Model Category, * Tnitial Model Category

Table 6 shows almost 50% of the students depicted the suspending object in the middle. The
students’ representation of floating and sinking influenced the model adopted for the suspending
context. Although the design of several items concerning the suspending context allowed the students
to freely describe the position of the object, which was randomly opened between the surface and the
base, it was done by a few students only. There were simplifications made by several students
regarding suspending objects. As previously thought, the simplification consisted of depicting a
suspending object in the “middle” of the water depth as a “middle way” for “between” the floating on
the surface and the sinking at the base. The option of drawing in the center as a “middle way” or
between the surface, termed “floating” and the base, called “sinking” was a form of this simplification.
Consequently, this thinking behavior can be viewed as a shortcut model. The depiction of the
suspending object as a shortcut model can be confirmed by data from Table 7 and Table 8.

Table 7

Findings for Mental Models Related to an Object near the Surface of the Water

Model Description Primary Junior Senior Undergraduate
Slla, S11b
. ’ ’ Ulb, Uld, U2c,
Suspending The object suspends P5a, Pba, J8a, J8b, J8f, ]8g, Sll(.:, Sllg, U2d, U3a, Uab,
model* Péb J9¢, J9g, J9h S11j, S12b, Ule. Udb. Udd
S12d, S12e ! ’
Almost z::r;); ]fi((;;’iooalf Sisor S11d, Slle,
. . J8c, J8d, J8e, ]9a, S11f, S11h,
floatmg model Ei’ﬁisztis;szernding P5b, P5¢, Péc J9b, 19d, 9 S12a, S12¢, Uda
gore S12h, S12i

Qwater
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Suspending The object suspends
object with o< with a density less
Qwater modelt than that of water

J8h, 9, S11i, S12f, Ula, Ulc, U2a,
Si2g U2b, U3d, Udc

Table 7 shows around 50% of the students stated an object near the surface of the water is a
suspending object (as Scientific Model). Almost 50% of them assumed that it is almost floating (or it
was between suspending and floating) and it is a suspending object with its density less than the
density of the water. Both models are embraced by these cross-grade students.

How were the context of an object near the base? Extracted data from students’ answer is
presented in Table 8.

Table 8

Outcome Space of Mental Models Related to An Object near the Base of Vessel

Model Description Primary Junior Senior Undergraduate
Suspending . J8a, J8f, ]9g, Slla, S11b, Ulb, Uld, U2c,
model* The object suspends Poa J9h Sl1c, S11i, S11j U2d, Udb
Semi-sinking The object suspends
model . anfl alr.nos.t, but is not S11e, S12b, Ula, Ulc, U2a,
(suspending quite sinking, the J8b, J8g, J8h,

bject with bject suspends with J9b, J9c, 9, Jof  ©12% 3128 UZb Uda, Usc
object w object suspends w , J9¢, ]9, s12i, U3d, Uda, Udc
Qobject > Qwater a density greater
model) than density of water
S11d, S11f,
11g, S11h,
Sinking . P5b, P5c, Pea,  JSc, J8d, J8e, Sllg S U3b, Udd
model ¢ The object sinks P6b, Péc 19a, J9d S12a, S12¢,
’ ’ S12d, S12f,
S12h

Data from Tabel 8 shows that more than 50% of students adhered semi-sinking and sinking
model. Some of them introduced density of the object related to the water. They stated that the object is
suspending and almost (but is not quite) sinking with its density is greater than the density of the
water. Some others firmly stated that the object is sinking. The students' statements confirmed how
they described the position of the suspending object. A suspending object should be depicted in the
middle and if it is out of the position then it can be categorized as floating or sinking.

Table 7 and Table 8 show that only a few students consistently stated that both objects near
the surface of the water and the base of the vessel were suspending objects. The two tables also show
the polarization of students for two conditions. Objects near the surface are described as floating or
almost floating objects, while objects near the base are sinking or almost sinking. The unique aspect of
the two tables is that when the data are related to the data in Table 6 where they are asked to draw a
suspending object, there is no such polarization tendency. They dominantly drew the suspending
object in the middle position of the depth, between the middle and the surface, or on the surface as if
there is a limit to the position of the floating object, namely from the middle of the depth to the surface
of the liquid.

Some students that previously assumed that objects near the surface were suspending,
according to the scientific value, did not consider those near the base as sinking objects. This finding
suggests that the ScM for suspending objects has not been fully and consistently used in all contexts. A
sizable proportion of the students perceived stable objects near the base as sinking, “nearly” or “not
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very” sinking objects, and this model was adopted by students at all levels. Also, some students
thought that these suspending objects had densities that were greater than that of water.

Model Mentals Related to Suspending Objects and Their Density

Two items were specifically designed to explore mental models relating to the position of
suspending objects and their density. One item provided verbal information and were accompanied
by pictures of three objects, A, B, and C, positioned differently in a vessel. Object A is drawn near the
water surface line, B is in the middle of the depth, while C is near the base of the vessel, as shown in
Figure 3. Another item, which was like the first one, provided information about the state of these
three objects through description via text. In both items, the students were asked to explain the
comparison of density between the three objects and water. An example of student’s answer is
presented in Figure 3, while Table 9 presents data from the extracted responses to these items.

Figure 3

Item about Suspending Objects in Different Positions, and Example of the S12e’s Answer

Three objects, A, B, and C, are in a vessel filled
with water. In a stable state, the three objects are = — o i ‘

PeprnLel®C
[ proseer  dens loende s bl tdodn Yoecas

in positions as shown. How do you think the
density of objects A, B, and C will be, compared

l
to the density of water? | B s Fens ot Glungne \ghete S
Oon eprandon Gone Lerbedon  bigdaaan |
P i oy \sexbeda J
f —
p<A<B<C

The deusity of these olgjects is greater than
+hat of water, Hherefore, they do not float and
will have distinet heights dne +o different
devsities

Table 9

Findings for Mental Model Related to Comparison of the Density of Suspending Objects with Different

Positions
Model Description Primary Junior Senior Undergraduate
Suspending
objects with the QA= QB= QC= Qwater J9¢,19¢g, J9h Sl1c, S11j utb, E;i’ U2e,
same density*
04 < Qwater, almost
S;ftgﬁg‘:. . J8c,J8f,J9a,  Slla, S11b, S11h,
. pensme < J9b, J9c S12h
Suspending Qwater, almost
objects with sinking or sinking
different S11d, Slle, S11f,
densitiest e J8a,J8b,J8d,  Sllg S11i,S12a, oo V1o U2
or U2b, U3a, U3b,
J8e, J8g, J8h,  S12b, S12¢, S12d,
0A< QOwater, OB = Qwater, ]9d J9f S12e, S12f. S12 U3C, U3d, U4a,
0C> Quater ’ et B Utb, Utc Usd
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The above themes are also confirmed by the item regarding the density ratio of the
suspending object to water at different positions. It was interesting to identify from this level of SyM
that students had “capital” density concept which showed their inconsistency, especially when
associated with images of objects suspending at different depths. The suspending stable objects near
the surface of the water were considered as “floating objects”, “almost floating objects”, or
“suspending objects that were almost floating”. Meanwhile, the suspending objects near the base of
the vessel were considered “sinking objects”, “near-sinking objects”, or “suspending objects that were
almost sinking”. This assumption is supported by the argument that the densities of the objects are
smaller or greater than the water. The ratio of the density of objects and water appeared to be
dominant in determining the properties of objects suspending near the surface or base of the water.
For students who did not consider density, their model did not use the term “almost” for the two
conditions. They were firm on the choice between the three states of “floating”, “sinking”, or
“suspending”. Only nine students categorized the objects as suspending state based on the similarity
of their density to the water density.

Mental Models of a Hole in a Suspending Object

The data extracted from the students” answers about the effect of making hole in a suspending
object is presented in Table 10. Table 10 shows that there was a pattern adopted by some students
concerning a suspending object with a hole, which will experience downward shifting and eventually
sink. Making a hole is thought to cause water to enter the object, increase the mass, and allow it to
sink. However, it was not considered that when a hole is made in an object, the change in mass
accompanied by a proportional change in volume keeps the density constant. The students only
focused on the formation of hole, which was interpreted as part of object that allowed water to enter.
Concerning the model that was adopted for the floating object with a hole context, a review of the
related data confirmed the information on the suspending object. Table 10 shows that more than 50%
of the students thought that the water would enter a suspending object and cause it to sink if a hole is
made in it. The event that a boat with a hole allowed water to enter it and make it sink, seemed to
influence this process of reasoning. The model was occurred at all grades.

Table 10
Findings for Mental Models Related to Effect of a Hole on a Suspending Object

Model Description Primary Junior Senior Undergraduate
The object remains
Ulc, Uld, U2,
Density-based suspending, meaning ]9, J9f, ]9¢g, Sl1g, S11j, UZEI U3a. U 4;
model* the density does not J9h S12a, S12d ! Ut ! !
change ¢
. The object will float,
Density- d
ensity-base meaning the density S11f, S11h U3b
model#
decreases
S11b, Sllc,
Slle, S11i,
Leaked boat The objects will sink as P5a, P5b, J8a, J8c, Jad, S12b, S12c, Ula, Ulb, U2a,
model ¢ water enters P5c, Péa, I8g, J8h, ]9, S12e, S12f U2b, Usc, Uta,
Péb, Pé6c J9¢, J9d, J9h S12g,S12h, U4d
S12i
Ahole as a . . ]J8b, J8e, J8f,
floater model ® The object will float J9b Slla, S11d U3d

Note. # Misapplication of DbM
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Some students assumed that making hole has no effect on the state of suspending object. The
students adhered DbM and can be categorized as ScM. When comparing the data for floating and
sinking state, the proportion of students differed in the three contexts. This finding showed that the
students did not consistently adopt one model. Hence, the mental model was not yet robust in
structure and was still easily influenced by the phenomena presented, and DbM was not fully part of
the responding and reasoning process.

Table 11 and Table 12 also show that more than 50% of students assumed the water as a
sinker. They thought the existence of the hole makes the water enters the hole and leads the object to
sinking. Water as a sinker model is like the leaked boat model and they can be categorized as IM. The
model is consistently adhered by some students at all grades in the three contexts. In the context of a
sinking state, the entered water keeps the object to be sinking.

Table 11
Findings for Mental Models Related to Effect of a Hole on a Floating Object

Model Description Primary Junior Senior Undergraduate
Ulb, Ulc, Uld
11a, S11h, ! / !
Density-based The object remains J8b, J8f, ]9a, SS’ 1 1?' SS 1 2b, U2b, U2¢, U2d,
model* floating J9f, J9g, J9h ) ’ U3b, U3d, U4a,
S12d
U4b
S11b, Sl1c,
. . Slle, S11f,
The object will P5a, P5b, P5c, 1o J8c/ 18, Sllg S12a,  Ula, U2a, U3a,
. sink because water J8e, J8h, J9b,
Water as a sinker enters the hole Pé6a, P6b 19d, 19, J9h S12¢, S12e, U3c
model ¢ T S12f, S12g,
S12h, S12i
The obj ill
e object wi P6c J8g, J9¢, J9h si1d, S11i Udc, Udd
suspend
Table 12
Findings for Mental Models Related to Effect of Hole on Sinking Object
Model Description Primary Junior Senior Undergraduate
There is no change in
Density-based  the density of the 19 Uld, U2¢, U2d,
model* object, therefore, it & U3a, U3b, Udd
remains sinking
S11b, Sllg,
The hole is filled with 11d, Slle,
e hole is filled wi J8c, J8d, JSe, S Slle

water, the mass or
weight increases, and

S11i, S11j, Ula, Ulc, U2a,

Waterasa S$12a,512b,  U2b, U3c, Udb,

sinker model ¢

P5b, P5c, J8g, J8h, ]9a,
P6b, Péc J9b, J9d, J9%,

the object remains to S12¢, S12e, Udc
sink J9f, Joh S12f, S12g,
S12h, S12i
Air as ei floater If r.10 air ent.ers, t‘he . J8a, J8b
model object remains sinking
Mass-based The objects will float S11a, S11f,

Model, hole as Zecause ch“ mas; P5a, P6a I8, J9¢ Sllg S11h,  Ulb, U3d, U4a
a ﬂoater‘ ecreases, epen mg SlZd

on the size of the hole
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Mental Models in the Context of the Hollow Suspending Object

The student’s mental model concerning the treatment performed by making hollow in a
suspending object was evaluated through an item. Meanwhile, example of the student’s statement is
presented in Figure 4, while the data extraction result from students’ statements is displayed in
Table 13.

Figure 4
Example of a Student’s Statement (512a) about the Effect of Hollow Making on a Suspending Object

Jika

tenjadh?

avang di : L
< e 6:’0(‘«1 tersebut akoan q"‘”(l“"‘ Kargas

SEA. apa vang
Azn?an Manvu r(m‘)‘).» , otomatis air akan
Masvk e dalam beade melal tsb
o~ o 'W &
”ﬂg memvyat matse Jeng beada mf..\.nc.a/‘
fetmakin bVerfembah dan melemb: MATA Jemis sir

Object B is an object suspending in the water. If
a hollow is made in the object, what would
happen?

The object will sink because with the presence of
a hollow, water automatically will enter the
object through the hollow, which makes the

density of the object will increase and exceed the
density of water.

Table 13 shows that there was a tendency for the pattern to play two roles concerning a
hollow on suspending objects. Most of the students assumed that a hollow was a floater, while others
considered it as a sinker. Those that adopted the floater model associated a hollow with reducing the
mass or density of object, while the students that supported sinker linked it with the entry of water
into the hollow, causing the object mass to increase. The adopted models were confirmed through the
context of a hollow floating or sinking object. Meanwhile, the students dominantly adhered to the
floater model, stating that a floating object either remained as it is or the activity increased. The
students that adopted the sinker model in the context of suspending object were consistent with this
model even though the situation changed. Conversely, students who were considered neutral in the
context of suspending object predominantly adhered to the floater model concerning hollowed
floating object, and vice versa regarding sinking object. Also, some students in the neutral category
associated the sinker with the hollow, while others considered it to be the water. The two models can
be related to the assumption that if there is a hollow, water will fill it and cause the object to sink.
When comparing these representations with suspending models that possess hole, it appeared that
some students equated the roles of hole and hollow in determining the state of objects in liquid. The
model adopted by the students can be confirmed by making a hollow in a floating or sinking object, as
seen in the findings displayed in Table 14 and Table 15.

Table 13

Findings for Mental Models Related to Effect of the Hollow on a Suspending Object

Model Description Primary Junior Senior Undergraduate
Density-based model: The object will float because 19, J9 S11i Ulb, U2c, U2d,
hollow as floater* its density decreases 178 J U3sb

Sllc, Slle,
Hollow as floater model The object will float P5a, P6b J8b, J8h, J9¢, S11h, S12d, Ula, Udc, Udd
1 Jod S12e, S12g,

S12h, S12i
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The object will rise to the

. Pé6c J8d, J9a S12b
surface as its mass decreases
JSe, I8, J9b Slla, S11b, Ulc, Uld, U3a,
Neutral modelt The object remains to suspend P6a SN S11f, S11g, U3¢, U3d, U4a,
J9h i
S11i U4b
Density-based model:
hollow as a sinkert S12a
Hollow as sinker The object will sink Psb,Psc 0% ]f;f g, S”gi 25f12c, U2a, U2b

model *

Table 13 shows that there was a tendency for the pattern to play two roles concerning a
hollow on suspending objects. Most of the students assumed that a hollow was a floater, while others
considered it as a sinker. Those that adopted the floater model associated a hollow with reducing the
mass or density of object, while the students that supported sinker linked it with the entry of water
into the hollow, causing the object mass to increase. The adopted models were confirmed through the
context of a hollow floating or sinking object. Meanwhile, the students dominantly adhered to the
floater model, stating that a floating object either remained as it is or the activity increased. The
students that adopted the sinker model in the context of suspending object were consistent with this
model even though the situation changed. Conversely, students who were considered neutral in the
context of suspending object predominantly adhered to the floater model concerning hollowed
floating object, and vice versa regarding sinking object. Also, some students in the neutral category
associated the sinker with the hollow, while others considered it to be the water. The two models can
be related to the assumption that if there is a hollow, water will fill it and cause the object to sink.
When comparing these representations with suspending models that possess hole, it appeared that
some students equated the roles of hole and hollow in determining the state of objects in liquid. The
model adopted by the students can be confirmed by making a hollow in a floating or sinking object, as
seen in the findings displayed in Table 14 and Table 15.

Table 14
Findings for Mental Models Related to Effect of the Hollow on a Floating Object

Model Description Primary Junior Senior Undergraduate
Density-based  The object will float
model: hollow  more because its J9g v2d
as a floater* density decreases
Slla, S11b, S11c,  Ula, Ulc, Ulb,
J8b, J8e, J8f, Slle, S11f, S11h,  U2a, U2b, U2c,
Hollow as a The object will float P5a, P6a, P6b  J8h, ]9a,J9b,  Sl11i, S12b, S12d,  U3a, U3b, U3c,
floater model: J9¢, J9h S12e, S12g, S12h,  U4a, U4b, U4c,
S12i U4d
The object will float 18d, J8g, 9 S11j, S12¢
more
Hollow as a The object will suspend J8a, J8¢, J9d, S11d, Sllg,
ginker model * _ or sink ’ Fob Poe Pee gt jon S12a, si2f uld, Usd
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Findings for Mental Models Related to Effect of the Hollow on the Sinking Object

Model Description Primary Junior Senior Undergraduate
Density-based  The object will shift to
model: hollow the surface because the J8d, ]9, J9g, S11f, S11j, S12¢ Ulc, U2¢, U24,
as a floater* density decreases
. J8b, J8e,J9a,  Slla,Sllc, S11d, Ula, Ulb, U2b,
Th 11 £1 P5a, P6a, P
Hollow as e object will float 53, P6a, P6b J9b Slle,S12g, S12i  U3d, Udc, Udd
floater model* . . Slla, Slle, S11g,
The object will suspend  P5b, P5c, P6éa  ]8c, J8f, J8g, J9c S11i, S12g, S121 U3b, U3c
11b, S11h, S12
Hollow as a NP 8a,J8h, Jod, o SHRS128 4 10a Usa,
nker model * The object will sink Pé6c 19, [9h S12b, S12d, Uda. Udb
o ’ S12e, S12f, S12h ’

Table 14 and Table 15 show that most students adhered to the model that a hollow is a floater
for both floating and sinking objects. Unfortunately, only a small number of students can be
categorized into the scientific model which examined density and linked it to the hollow as a factor
that determines the state of an object. Some of them adhered to the hollow as floater model but cannot be
categorized into ScM because they have not linked the existence of a hollow that causes a change in
the density of the object.

Effect of Filling Air into the Hollow of the Suspending Object

The data on the effect of filling air into the hollow of a suspending object were studied
through items concerning suspending, floating, and sinking objects. Meanwhile, the floating and
sinking contexts were provided to confirm the extent of their relationship with the suspending model.
The data extraction result from the students’ responses is presented in Table 16.

Table 16 shows that the students dominantly considered water as a floater model and did not
regard the object state described in the questions as hollow suspending objects with fixed volumes.
Also, they did not consider that filling the hollow with air caused mass gain but viewed it as an entity
that caused objects to lift upward. However, some students embraced this model by building the
argument that the addition of air causes a decrease in density since the density of air is less than that
of water. The students dominantly regarded air as a factor that changed an object’s state from sinking
to suspending or floating, from suspending to floating, and an increased tendency to float. A fairly
large proportion of students, at over 50%, adhered to the model that objects with air-filled hollow
tended to move upward. Meanwhile, a student referred to density but compared air density with that
of water and further expressed that an object’s state changed in water after the hollow was filled with
air. Hence, when the air was the filler, there was a shifting of objects from floating to “more floating”
as well as sinking or suspending to floating. This shifting occurred because air is a factor that “lifts”
objects to a higher position than the base of the vessel.

Table 16
Findings for Mental Models Related to Effect of Air Filling on the Hollow of the Suspending Object

Model Description Primary Junior Senior Undergraduate
Air as a sinker Elen(i?ed :v(;llnsmk as J8h, 19 S120 S12i Ulb, U2a, U2d,
model* the mass or density e & >t Usc
increases
The object remains to P5b, P5¢, P6a, S11b, S11d, Ulc, U3a, U4a,
i
Neutral modelt o end P6c J8c, J8e, J9h Sl1g, S12d Ub
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The object will float,
as the density is
reduced by air. The J8a, 9 S11j, S12¢ U2b
density of air is less
than the density of
water
Air as a floater Slla, Sllg,
model ¢ J8b, J8f, J9a, Slle, S11h, Ula, Uld, U2,
The object will float P5a, P6b J9b, J9d, Jof, S11i, S12a, U3b, U3d, U4c,
J9g, J9h S12b, S12e, U4d
S12f, S12h
The object rises to the
surface because it gets J8d, J8g S11f

lift force by air

A small proportion of students thought that the addition of air to the hollow caused objects to
slide downward and perceived it to increase the density of the object. Meanwhile, some stated that the
object was shifting downwards but referred to the change in the object’s mass. However, no student
explained the relationship between changes in mass and density.

The consistency of the students is confirmed with the floating and sinking objects. The data in
Table 17 and Table 18 show that the air as floater model was dominantly adopted by the students.
Meanwhile, most of the students who adopted this model for the suspending phenomenon also
accepted it in the floating and sinking contexts.

Table 17 and Table 18 show that air as a floater model was consistently adhered by some
students from all grades for both contexts. The students dominantly regarded air as a factor that
changed an object’s state from sinking to suspending or floating, from suspending to floating, and an
increased tendency to float. The air is considered as a factor as well as an active force that lifts objects
upwards, but the views are on air and water. Possibly, the students imagined the nature of a hot air
balloon which seemed to appear “lighter” when filled with hot air and did not consider the latter case
that the balloon’s density decreased due to the filling. This situation is different from a hollow or
fixed-volume object filled with neutral air.

Table 17

Findings for Mental Models Related to Effect of Air Filling on the Hollow of Floating Object

Model Description Primary Junior Senior Undergraduate
. The object will move
Density-based down as the density J9c S12i U2d, U3b
model* .
increases
The object will suspend
ngse-lliased or sink as the mass ]J8a, J8h S11f, S12g Ulb, U3c

increases

The object will suspend

Air as a sinker because of the air push Slia, Sl1d
del*
fmode The object sinks P5c, P6b, Péc S11b, S11h, S11j Ulc, Uld
Air as a floater The ob]e.ct ﬂoatﬁ b.ecause Slle, S11i, S12a, Ula, U2b, U3a, Udb,
delt the density of air is less J%e S12b, S12¢, Udc
mo than that of water S12d, S12e, S12f
. . . J8b, J8c, J8d, J8e,
Air as a floater The object remains Ulg, U2a, U2¢, U3d,
model ® floating P5a, P5b, P6a J8£, ]8g, ]9a, J9b, Sl1lc, S11g, S12h Uda, Usd

J9d, J9f, J9g, J9h
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Findings for Mental Models Related to Effect of Filling the Air on the Hollow of the Sinking Object

Model Description Primary Junior Senior Undergraduate
The object remains
Density-based sinking as the mass Jsh S11b, S'lle, Uld, U2d
model* and consequently, the S11j
density increases
S11h, S12a,
Air as a sinker The object remains S12d, S12e,
model* sinking Joh S12g, S12h, Ulb
S12i
The objects will float,
as the air, which is P5b J8c, J8t, J8g, Slla, S11f, U2a, U3a, U3b,
. lighter than water, J9¢, J9e Sllg U3c, Udb
Air as a floater . .
model ® lifts the object
P5a. P5c J8a, J8b, J8d, Sllc, S11d, Ula, Ulc, U2b,
The air lifts the object Péa P, ‘b 1; 6c J8e, ]9a, J9b, S11i, S12b, U2c, U3d, U4a,
! ! J9d, ]9, J9g S12¢, S12f Ud4c, U4d

Effect of Adding the Volume of Liquid

The effect of increasing the volume of liquid on the state of the object was evaluated through
an item that presented a picture of a suspending object positioned in the middle of the liquid’s depth.

Then, the students were asked to predict the state of the object after the water was added in the vessel.

The result of this data analysis is presented in Table 19.

Table 19

Findings or Mental Models Related to Effect of Increasing Liquid Volume on the Vessel toward a Suspending

Object
Model Description Primary Junior Senior Undergraduate
The object suspends
Neutral Modelt ata h?lght' but U2d
there is no change
of position
The object d 11a, S11c, Slle,
e object suspends J8c, J8d, Jge,  LiSHESHe 1 U,
at a height, 18 J8h, J9d Sl1g, S11i, S11j, U2e. U3a. U3b
Middle modelt following the water P5a, P5¢ & Joh, J7d, S12a, S12d, S12e, ! ! !
o ]9, J9f, J9g, U3c, U3d, U4a,
level, but still in the Joh S12f, S12g, S12h, Udb, Ude Uid
middle of the depth S12i PR
. The object
Water as a lifter S11b, S11d, S11f,
modelt approaches the P5b J8f, J9c Si1h Ulb, Ulc, U2b
surface
Water is alifter  The object is on the J8b, 19, J9b S1oc
model surface
Water as the The object is close to
downward or is at the base of Pé6a, P6b, P6c J8a S12b

pusher model ¢

the vessel
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Table 19 shows that over 50% of the students stated that adding water to a vessel where there
was a suspending object in the middle of the depth meant that the object was still suspending there.
This finding reinforced the middle model obtained in previous data (Table 6) and adopted by the
students, which specifically indicated that the position of a suspending object “must” be in the middle
of the depth. However, several students drew objects close to the surface, while a small number
described the position of the object to be near the base of the vessel. Some students assumed that the
suspending object model did not have to be in the middle of the depth, while the remaining students
drew always in the middle position. The tendency to depict a suspending object in the middle of the
liquid depth, carried out by students for all grades with a fairly large proportion. This confirms the
previous preliminary finding in learning activity.

Summary of the Findings

The data in Table 3-Table 19 are then summarized into Figure 5 to get an overview of the
general trend, especially to see the average proportion of students who are in the category of scientific,
synthetic, and initial mental models. Determination of the average proportion by combining all the
data from the 17 tables based on the students’ position related to the type of mental model adopted in
each context.

Figure 5 shows a tendency of the average proportion of students in the IM, SyM, and ScM
categories to form a mental model hierarchy according to the grade of the students. The IM level is
dominantly occupied by students from the primary school. In contrast, the ScM level is adhered by
university students with the largest proportion. The SyM level as a transition from IM to ScM with the
largest proportion occupied by students from high school. The figure also shows that the order of

proportion from highest is IM, SyM and ScM.
Figure 5

Summary of the Findings Based on Categories of Mental Models

(%)
100
10

90 2% 2
80 2% 39
70
60 30
42

50
40 22
30 64

a4
20 34
10 26

Primary Junior Senior Undergraduate
Initial Synthetic Scientific
Discussion

The exploration of the mental model provides data on the extraction results, as presented in
the previous section. The data in Table 3 to Table 19 show that the mental model adopted by students
is highly dependent on the context of the phenomena presented. Although, the mental model in the
ScM category is dominantly adopted by students in reviewing the factors that cause an object to float,
suspend or sink, the model (e.g DbM) is inconsistently applied to respond to phenomena in some
contexts. The concept of density as a capital (for DbM students) was still influenced by the shape,
surface area, the presence of a hole, hollow, air filling in the hollow, and change in the height of the
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liquid. The findings are also found in other studies (Duit, 2007; Minogue et al., 2015; Minogue &
Borland, 2016; Smith et al.,, 1997) and they can be categorized as an intuitive model, alternative
conception, or misconception (Yin et al., 2008). Similar models related to the heavy or light object have
been discovered in previous studies (Havu-Nuutinen, 2005; Yin et al., 2008).

The students in grades 5 and 6 only considered the object’s weight and mass in reviewing the
factors that cause an object to float, suspend or sink. This finding is related to the curriculum at the
elementary school level in Indonesia (Curriculum 2013), which does not introduce the concept of
density. Hence, there are no instructional interventions that shape their mental models towards ScM
related to density. Conversely, some students in grades 8, 9, 11, and 12, and even university students
considered density but still left mass, volume, and weight variables. The adopted model, which can be
categorized as SyM and is the existing ScM mixed with IM elements, confirmed that SyM is a
transition model from IM to ScM. This model contains scientific aspects and IM “residues” as well.
The term “residue” is used to state that a conception containing misconceptions as an alternative
model is difficult to completely change (Yin et al., 2008).

The implication of the students” inconsistency in activating their model mental aspects related
to DbM can be seen in the depiction of the position of the suspending object. The depiction of
suspending objects in the middle of the depths is not entirely a mistake or misconception. The
perspective of representational flexibility (Deliyianni et al., 2016) shows that there is rigidity in
thinking in terms of representation or functional fixedness (Matlin, 2009), so that the suspending
objects are in the middle. This thinking behavior can be related to the pattern found by Gette et al.
(2018), which showed that some students adopted the descending line model in reasoning cases of five
objects with different masses. The five objects drawn sequentially in water formed a descending line
based on the mass of the object. From an instructional aspect, this model was probably generated from
the habit of teachers or textbooks to present suspending objects in the middle of the water depth. The
lack of variation in the presentation can build a mindset that suspending objects were often located, as
seen in instructional activities and textbooks. Without adequate explanation, coupled with a lack of
facts available in nature about suspending object entities, learner can develop personal
representations, known as the student’s model. Although they considered fish in a pond or aquarium
as well as imagined a submarine as a suspending object, the understanding of how this happened was
not a concern in the curriculum (Gette et al., 2018). As a result, the student’s model is improvised and
does not lead to ScM.

A suspending object does not have to occupy the middle of the depth of the liquid. Drawings
are to be expected with random positions between the surface and the base of the vessel. Even if there
are students who describe a suspending object at the base accompanied by an explanation that an
object is a suspending object that is at the base, it is a model that should be appreciated as a scientific
model. Especially if the description is associated with a review of the density of object and the density
of liquid fluid. DbM adopted for the floating and sinking contexts by some students was insufficient
to build the suspending mental models in the ScM category.

The insufficiency to build the mental models for reasoning and visualization can be
considered as a gap in the consolidation of their mental models (Bongers et al., 2020). It was still
“fragile” easily affected by suspending contexts, and the cognitive elements owned were not
connected constructively to build a scientifically acceptable target model. Referring to the definition
that a mental model is a structured building consisting of cognitive elements and fundamental
knowledge, which are generally referred to as resources (Hammer, 2000) or associated aspects
(Mansyur et al.,, 2020). However, according to this definition, the mental models adopted by the
students in this study contained elements that were not strongly connected, and thus, did not lead to
the appropriate and scientifically acceptable representation. Study by Vosniadou and Ioannides (1998)
showed that an individual derives or produces mental models based on the knowledge and so, can
assimilate or bring together new information.

The resulting mental model must be applied and tested in new situations and maintained for
a long time by the individual who built it (Coll & Treagust, 2003) to shift it towards a scientific model.
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The statement can be confirmed based on the summary of overall data that the proportion of IM level
tends to decrease, at the same time, proportion of ScM level is a vice versa. Based on the students’
grade, there is a decrease in the initial mental model and an increase in the scientific mental model
starting in grade 8. This is different from the findings of Kurnaz & Eksi’s (2015) study where the
transition occurred in grade 11 for the context of solid friction. The difference related to the
curriculum implemented, especially about the concepts that underlie each model. The transition
occurred in grade 8 is thought to be related to the concept of density as a fundamental concept was
introduced at that level. This confirms the influence of the curriculum and the environment on the
development of students” mental models.

Conclusion

Based on the findings and descriptions above, it can be concluded that the students” mental
models were generally still in the initial and synthetic model and were also very context dependent.
Some students were at the scientific model level for certain contexts related to the phenomena of
suspending objects but remained at the synthetic or initial levels for others. Mental model levels were
also observed in general to depend on the grade of the students, confirmed the influence of the
curriculum and environment. The synthetic level as a transition from initial to scientific model with
the largest proportion occupied by students from high school.

There was a tendency that the mental models adopted by students in the floating and sinking
contexts affected the assumed suspending phenomenon. Also, there was a shortcut and simplification
model pattern related to the depiction of suspending objects by only choosing the condition between
floating and sinking. These patterns were chosen without reviewing the substantial aspects of the
suspending phenomenon regarding the concept of density.

Consequently, teaching the concept of floating and sinking without giving sufficient portions
for the concept of suspending objects is not enough. The assumption that by handling of these two
concepts automatically meant the suspending object phenomenon is also evaluated, seemed to be
rejected based on the findings of this study.

The positions of suspending objects in liquid presented in textbooks and classroom learning
activities need to be varied in the area between the surface line and the base of the vessel. Moreover,
the placement of suspending objects at the base can be done by adding an explanation that “these
objects are suspending at the base”. The substantial aspect of the density concept needs to be
emphasized to reduce the initial and synthetic models. Finally, further studies can be performed by
taking respondents proportionally based on the levels in a better order so that the transition can be
known more firmly.
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Appendix A

Sample of the test items, students” answer, and categorization.

No. Problem Sample of students’ answer (and translation) Remark Category
The following three objects are e 0 ~ The student depicted the floating Scientific Model
—.———( ) ¢ ) L,
floating on water. Draw the J8e = object at the liquid’s surface.
possibilities of the objects’
! position.
Objects A and B are of the same ' X b ¢ d e X j The student considered the Density-based
material but have different shapes. material and density of the model
. . S i bah bend ile: b v . . . o ce
Object A is box-shaped, and P ,,m:'ke objects but also considered the (Scientific Model)
4 o . Yang Sama. Dwgan begitu dopn e )
Object B is irregular in shape. The toahui bahosa masse jenishge past same. | volume of the objects.
correct statement about the Yang aemb<dakarmya 4 dalat b entuk. ) Volume-based
. . Adon. Flalau benfuk (volume) mereka He can be categorized to model
possible positions of the two 3= . : ) .
o e 1 Ada yang kel ), mmaka benda ifualcan synthetic model. (Initial Model)
objects in water is (it is possible to (il Mmungiin mingupany dan Sbn-
choose more than one if needed). lknga. Sesuai dcngan mnus,
. . P=my, . Tetapi yang pash katena kedua
) |2 Object A suspends, Object B S128  tonde tuwilis P yans sama moke Keodan

suspends

b. Object A suspends, Object B
sinks

c. Object A sinks, Object B floats
d. Object A sinks, Object B sinks
e. Object A floats, Object B sinks
f. Object A floats, Object B floats
Give reasons toward each of your
choices!

di air JUuas past Sama,

(It is known that objects have the same material. The
density must be the same, the difference is the shape. If
their shape (volume) is small, then the object will be more
likely to float and vice versa, according to the formula o=
m/V. What is certain is that because both objects have the
same density then the state in water must also be the
same).
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No. Problem Sample of students’ answer (and translation) Remark Category
A holl biect is floati benda }mﬁﬁt\“"\ kot a &&W[m\ The student stated that the Density-based
orlow object1s Hoating on S12i  dwpn wagsa o addition of the air increases the model
3 | water. If the hollow is filled with \ S Watn. i fi
: . o . iy . total density. (Scientific Model)
air, what will happen? (The object will sink because there is an addition of air
density)
The following three objects are [ The student depicted the sinking Scientific Model
sinking in water. Draw the object at the base (although it
5 | possibilities of the objects’ does not touch the base, it can be
s categorized as at the base; it can
position. ;
@ @ @ J8e ® ® be compared with other
depictions).
lenda fersebot akon fe am._ karens .
S12a P %mﬁs arcalian HolClloIN as a sinker
Obiect B . 4 ‘;:mk kzd“[“" bende- """::;‘ W:ﬂb' The student assumed that the Qote -
ject B is an object suspending in 19 membpyat maso- jois beado nyao . ater as a sinker
. o holl
7 | water. If a hollow is made in the Semakin erfomboh dan melei: passa fenis odr ollow is a path for water to enter model

object, what will happen?

(The object will sink because with the presence of a
hollow, water automatically will enter the object through
the hollow, which makes the density of the object will
increase and exceed the density of water)

the object, so that its density will

increase.

Density-based
model
(Synthetic Model)
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No. Problem Sample of students’ answer (and translation) Remark Category
S12: A is an object with density - A is an almost
less than the water’s density. A floating object.

Th bi A BandC . B buoyancy greater than its weight. | - A is a suspending
ree objects (A, B and C) arein a Ph Zwr *’7 i:f “i; - B is an object with density object with o <
. . s = alr — = 'S
vessel filled with f/vater. In‘a stable $12i i Y Py o equals the water density. A Qwater
state, the three objects are in (air = water; apung = buoyancy) buoyancy equals its weight. - Cis a suspending
positions as shown. How do you P g —— yv . }: , - Cis an object with density object.
think the density of objects A, B i - e, T greater than the water density. | - Cis a semi-
12 | and C compared to the density of B Sl o M g e A buoyancy less than its sinking model
water? S11h o w“ﬂ:;, _— weight. (suspending
er MALLE JES ~ \eondie \en noelann . .
e e en? object with Qobject >
EI A.The object d.en51ty is less than the water so thatitis | g, other items, the student used Ouwater
almOSt,ﬂoatmg'_ o term “almost” or “a suspending | - C is a sinking
B. The object density equals the water so that it is . . .
suspending object that is almost object
C. The object density is less than the water floating/suspending”. (Synthetic Model)
- B is a suspending
object
(Scientific Model)
ﬁ;\xa \geg\?_” dem ""é“‘v‘:"’m‘c ms“"_"“&?‘ﬂ The student considered the Density-based
h) A% Vo
. . . N Venda  Lexovat avan \sayuws ¥oa | reduction of object’s density model
Object E is a suspending object in e
13 ]t If a hol .p d g tl:1 U3b ¥¥doas persprongan S et without considered the reduction (misapplication)
water. If a hole is made in the
. (If object E is a suspending object in water and a hole is of its mass and volume in the .
object, what would happen? (Synthetic Model)

made then the object will float due to a reduction in

density).

same time (there is no change of
its density).
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No. Problem Sample of students’ answer (and translation) Remark Category
The student depicted the objects Synthetic Model
at the middle of the depth. He

The following three objects are emphasized that the object is at
objects suspending in water. Draw J8e ® @ o middle.
the possibilities of the objects’
14 position. Although the depiction can be
CRanam, Angnd categorized correctly, it remains
@ @ @ (At the middle) rigidity of representation. The
suspending object does not have
to be at the middle.
The student depicted the object at | The Middle Model
the middle of the depth. He .
. . (Synthetic Model)
Object G is in the water in the emphasized that the object is at
position as shown. If the water in the position (middle) after the
: water addition.
the vessel is added so that the PR T P 2 e
vessel is almost full, what would The object suspends at a height
haPpen? Draw the position of the following the water level, but still
16 | object! (A in the middle of the depth.
U2a

(The object is still at its position)

Although the depiction can be
categorized correctly, it remains
rigidity of representation. The
suspending object does not have
to be at the middle.
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No. Problem Sample of students’ answer (and translation) Remark Category
The object in the vessel filled with The students in this category Almost floating
water is in the position as shown. L combined the object’s position and model
How do you think the object is? Give vendo ketsebut Tnowgir kchu‘;i density but it remained contrary.
explanations! baceno massa fewis eadn LB Semi-floating

et das ad - model

17

- (The ob ject is almost floating because its density is less (Sinthetic Model)
than the water’s density).
do dalawm ¥eadaan melayan g dows : : -
J9e E::adn haunpir mawy awiv b g beyuna. fhe students in this category | Almost sinking
o combined the object’s position and model
Maga jews benda b b“”‘s‘dl“}“u density but it remained contrary.
massa feuis otk cair ,Wl wosile teda "ﬁ The semi-
The object is stable in the vessel as N T .
. sinking model
shown. How do you think the
object is? Give explanation! (The object is suspending, and it is almost touching (Synthetic Model)
) the vessel base).

(The object’s density is greater than the liquid’s
density, but it is still assumed the same.)
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No. Problem Sample of students’ answer (and translation) Remark Category
L [ a ® ¢ ¢ @ @ e n ) The student considered the Gravity-based
Based on your oprion, what do S12i Gaya Stavigop Yoy begar, Sehingga gravity and the density as aspects model
aspef:ts det.e rmine the state of a fis henmitan begas related to a state of an object (Scientific Model)
floating object? You may choose ¢ Teur & KT ot gkow Mumjafung o
more than one if needed. Give an Koo Dyr Weih pugar . (scientific model), but at the same .
o £ Gola Yoy b betor shan turgafuns time he considered the size of the Density-based
example of each of your choices! @ang Fp dlown banlio lesar, ) o model
a. Weight of the object B umil kg lompun (w, object (initial model). He can be (Scientific Model)
24 | b. Gravity KA WO (0 KORNen P categorized to synthetic model.
c. The mass of the object
. ) . b. The gravity is great so that Fa is great value. Volume-based
d. The density of the object Model
. .o e. Egg in the salt water will float because Qwateris greater.
e. Density of the liquid ¢ A ball will float b Eai C(Fan (Initial Model)
£. The Volume Of the object . . 1gger ball wi oat because I'A1S grea ( A=
g. Volume of liquid uoyancy).
Give a reason to each of your I am choosing the three components because they are
choices! buoyancy’s component.
An object has a hollow is 184 & bugo * wedost  ggn naK Student assumed that air is an Air as a floater
suspending in water. If the hollow ke otes lavera tmtrdgpat active force to lift the object. Initial Model
is filled with air, what will oyn amakat (Initial Model)
27 | happen? Explain!

(The object will shift upward because there is a lifting
force-buoyancy).
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