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Learning density in Vanuatu high school with computer simulation:
Influence of different levels of guidance
Abstract
This paper presents a study on discovery learning of scientific concepts with the support of
computer simulation. In particular, the paper will focus on the effect of the levels of guidance
on students with a low degree of experience in informatics and educational technology. The
first stage of this study was to identify the common misconceptions about density, starting
from a literature review. Forty eight students (25 M and 23 F) from two high schools in
Vanuatu were then involved in the study. These students were divided into three groups
according to the different levels of guidance they received ( Unguided; Minimum guidance,
Maximum guidance). A pre and post activity questionnaire was designed containing 12
questions. The students underwent a training session with computer simulation about density.
Using a descriptive and an inferential statistics method, scores obtained from the three
different groups were compared during pre-test and post-test analyses. From the analyses it
was found that the construction of knowledge from discovery learning activities occurs with
or without guidance, however the amount of guidance received has an influence on the depth
of conceptual understanding.
Keywords: density; high school; computer simulations; guidance.
Introduction
In order to keep up with the rapidly changing economic and social situation, learning of high
quality is required (Miyake, 2007). At the same time, with the advent of technologies
supporting online learning platforms such as Massive Open Online Course (MOOC), students
have to be autonomous in their learning and show the ability to be self-organized in order to
personalize their study.
Discovery learning is a technique in which learners gain knowledge about a concept by
generating hypotheses and then designing and executing experiments to validate these

hypotheses. (Lazonder, Wilhelm, & Hagemans, 2008; Pellas, 2014). In science education this
approach is widely used, stressing the centrality of authentic learning (Smitha, 2012).
More recently, discovery learning has received increased attention due to the benefits of
computer simulations in increasing the effectiveness of learning in an assisted or guided
environment (Wieman, Adams, Loeblein, & Perkins, 2010). Of current interest, however, is a
discussion about the right level of guidance during discovery learning of scientific concepts
with the support of computer simulation (Alfieri, Brooks, Aldrich, & Tenenbaum, 2011; De
Jong & Joolingen, 1998; Honomichl & Chen, 2012; Kirschner, Sweller, & Clark, 2006;
Mayer, 2004; Leutner, 1993).
Learning science in classrooms where there is limited constraints on students’ actions,
minimal feedback and minimal instructor intervention or guidance, can result in learners
becoming confused with possible negative effects upon learning (Alfieri et Crooks, Aldrich,
& Tenenbaum, 2011; Hardiman, Pollatsek, & Well, 1986). Learners therefore may find it
difficult to achieve the expected objectives due to lack of support in the form of instruction
(De Jong & Joolingen, 1998). On the other hand too much guidance can create within
learners a sense of dependency. Indeed, Leutner (1993) advises that while higher levels of
support helps to increase the learner’s domain knowledge, it may hinder the acquisition of
functional knowledge. A sustained level of high support over a period of time may result in
the formulation of content knowledge rather than content understanding. Content knowledge
can be retrieved from the long-term memory but unlike content understanding cannot be
applied in different situations.
This paper will present an investigation of students’ use of discovery learning techniques to
study the concept of density using computer simulation. In particular, there will be a focus
on the effect of three levels of guidance (no guidance, minimum and maximum guidance) on

students from a Least Developed Country (LDC) who have a low degree of experience in
informatics and educational technology
The first section of this paper will present a discussion about how an understanding of the
concept of density is developed and how new technology and computer simulations support
this conceptual development. The second section of the paper will present an outline of this
research which was conducted in a developing country and the findings from this research.
The intuitive understanding of the concept of density and the common misconceptions
Density is a science topic introduced in elementary and primary grade levels as floating and
sinking (for example, wood floats on water because it has a lower density than water; while a
metal anchor sinks because it has a higher density than water). It is, however, a complex
scientific topic and a difficult concept for students to understand because it is abstract in
nature and is derived from the concepts of mass and volume (Hitt, 2005; Radovanovic &
Slisko, 2012). The difficulties in understanding the concept of density become amplified
when mathematical formulas are attached to it during middle school and beyond (Dawkins,
Dickerson, McKinney, & Butler, 2008). Studies have been carried out by Smith, Snir &
Grosslight (1992) on children's conceptual change showing their earliest concept of density is
all about heaviness and size. The greater the size of an object, the heavier it is.
Kohn (1993) suggests that children between 3 and 5 years demonstrate a very basic concept
of density when they have to predict if an object floats or sinks. Kohn’s study demonstrates
this age group’s reliance on certain properties of the object (mass, volume, density and
material) to predict the waterline of the objects. The results indicate the predictive ability of
children, but also the specific physical properties upon which these predictions seem to rely,
showing an intuitive understanding of density. Kohn’s study shows that children demonstrate
certain basic concepts and skills earlier than that attributed by Piaget to a later period of

development. Between the age of 5 and 7 the concept of density as heaviness for size seems
to contribute to the concept of weight such that there is no differentiation between weight and
density but rather that both are included in the concept of heaviness.
Piaget (2013) proposed that the concepts of weight and density develop as a result of children
taking into account the viewpoints of others rather than their own. Initially children may
judge that an object is lighter, but sometime later may say that it is lighter for them but
heavier for the water because it sinks in it. At the age of 9 and 10 they relate the density of
one object with that of another and may conclude that a material floats because it is lighter
than water. Furthermore, at the age of 14 to 22 according to Hewson (1986) students relate
the density of a material to the denseness in the packing of its particles. This explanation may
be inadequate or incomplete due to the student’s conceptions of mass and volume being
dependent upon their conceptions of the arrangement, the concentration and the mass of the
particles.
Common misconceptions on density
Randovanovic and Slisko (2012) stated that research has shown students have certain
experiences which assist them to formulate their own theories about sinking or floating.
Many of these theories however are either misconceptions which means that the theories do
not agree with the current scientific view (Helm, 1980) or are only true up to a certain point
but lacking the proper scientific explanation. In investigating 108 grade eight students’
conceptions of sinking and floating Costu and Unal (2005) reveal eight common problematic
areas where students have difficulties and misconceptions. These include misconceptions
about


the effect of the mass of an object on floatation: e.g. the object with more weight instead
of mass sinks compared to those with less weight



the determination of the density of an object: e.g. density is the weight of an object



the effect of the density of an object on floatation: e.g. the density of an object hanging in
liquid is equal to that of a floating object



the effect of the density of the liquid on floatation: e.g. a sticky liquid makes things float



the effect of the volume of the liquid on floatation: e.g. a large amount of water makes
things float



the calculation of the buoyancy applied by the liquid on an object: e.g. floatation is the
result of liquid pushing on the object



the effect if a floating object has a hole: e.g. things with holes sink



the effect of the size of an object on its floatation: e.g. when a floating object is cut into
two parts, the bigger piece will sink or the volume of the sinking part will increase.

These misconceptions have commonalities and are often resistant to change through
traditional methods of teaching (Champagne, Klopfer, & Gunstone, 1982; Hewson 1984). To
conquer these misconceptions more effectively, it is necessary to provide students with
engaging and motivating opportunities that challenge their presently held conceptions.
Involving students in discovery learning could play an important role in helping students to
give up their misconceptions and adopt a scientifically accepted understanding of the
concept, especially if supported by technology.
Learning physics using computer simulations
Computer simulation in general refers to any electronic software that was designed for
interaction and manipulations of parameters in a particular field or topic to discover certain
relationships. It allows learners to interact with materials, manipulate variables, explore
phenomena, and affords them opportunities to notice patterns, discovering underlying
causalities (Alessi & Trollip, 1991; Alfieri et al. 2011; Jong, 1991;Wieman & Perkins, 2006).

Using computer simulations in science teaching has certain advantages in that it serves the
purpose of learning science concepts effectively (Jong & Joolingen, 1998; Ren & Xie, 2004;
Wieman, Adams, & Perkins, 2008; Wieman et al., 2010; Xie & Tinker, 2006). An interest in
computer simulation in the teaching of science in recent years has increased due to the higher
availability of technology in classrooms and the possibility of using new pedagogical
strategies (Jong & Joolingen, 1998; Wieman et al., 2008), with a centrality on developing
observation and interaction skills (Wieman & Perkins, 2006). The use of computer
simulations in science teaching motivates students (Wieman & Perkins, 2006; Wieman et al.,
2010; Xie & Tinker, 2006), showing that students generally enjoy this form of education
(Damassa & Sitko, 2010).

Also, the use of computer simulations in science teaching

encourages exploration of situations that are not always possible to observe in common
school laboratories or in real life situations such as interacting with molecules, atoms, and
electrons (Xie & Tinker, 2006).
Computer simulations in physics teaching generally show a visual model of the behavior of a
physical system and allow students to explore and to visualize graphic representations
(Concari, Giorgi, Cámara, & Giacosa, 2006). As a result of exploring with simulations,
students get to understand the abstract and counterintuitive concepts, like quantum mechanics
(Mckagan et al. 2008). Steinberg's research (2000) showed clearly that the students who were
taught using simulations had a better understanding of the topics taught. Similar results have
been obtained by other researchers (Chang, Chen, Lin, & Sung, 2008; Leutner, 1993;
Psycharis, 2011; Steinberg, 2000; Wieman, Adams, Loeblein, & Perkins, 2010).
There are many types of online computer simulations for learning physical phenomena. In
this paper, the focus will be on PhET simulation for density concept (Santos & Dos, 2012).

PhET simulations to learn density
PhET is a free simulations software that can be downloaded to be used offline using Java and
flash based players (http://phet.colorado.edu/). PhET simulation deals with density, mass and
volume. It is a combination of three associated topics under the umbrella of density. It is
based on common misconceptions about learning density. Guidance and feedback responses
were built into the simulations to scaffold student’s learning (Wieman et al., 2008). Even
though it is strongly founded on physical laws, it is also user friendly and contains resources
for both teaching and learning (Perkins et al., 2006). There is an increasing use of this
software in schools (Zhang, 2014).
The density PhET simulation is composed of a simple interface which contains three main
elements: blocks, block settings and water (Figure 1).

Figure 1: Screenshot of PhET interface
The idea is simply to drop blocks made of different materials (wood, ice, cement, aluminium
etc.) into the water to see whether they float or sink. In doing so the block displaces a volume
of water which corresponds to the percentage of the block submerged. The numerical figure
for mass and volume of these blocks is indicated so students are expected to see the
relationship between mass and volume which is density. These two properties of density

directly influence the floatation of an object. The sliding scales in the computer simulation
allow students to manipulate either the mass or volume of the block and see how this
influences the other corresponding quantities and the overall effect of this on floatation.
In the following section the study of the use of the PhET software to develop an
understanding of the concept of density in the high school context will be presented.
Study
Research questions
The study considers two research questions:
-

How do different levels of guidance (unguided, maximum, minimum)

in using

computer simulation software impact on students’ success in understanding the
concept of density?
-

Which discovery approach is most effective in assisting students to give up their
misconceptions and adopt a more scientifically accepted understanding of density?

Context and participants
The research is set in Vanuatu, a Least Developed Country (LDC), situated in the South
Pacific Ocean and made up of 83 islands. The new National Curriculum is encouraging
schools to use information communication technology (ICT) as a resource to aid learning in
the classrooms (ITU, 2013). In regard to the research design, the literature review
demonstrated how the initial understanding of density concepts by the students is derived
mainly by interacting with their surroundings. Indeed, according to the Vanuatu science
syllabus (Ministry of Education Republic of Vanuatu, 2013a, 2013b), density is not a core
topic and therefore is not taught in class, although elements are integrated into other science
topics such as pressure.

Forty eight students, (25 M and 23 F) having an average age of 17-18 years from two high
schools in Vanuatu were selected to participate in the study. Five year 12 classes were used
(3 in one school and 2 in the other). The students had a low degree of computer literacy,
evaluated through a self-declarative test. Indeed, 80% of the candidates indicated that they
did not have access to a personal computer. The schools have one computer laboratory but
each class is given only an hour of computer lessons per week. In addition, students know
about simulation but most of them had not had the opportunity to access this software. Five
students in the study indicated that they had used a computer simulation before.
An hour workshop or training was conducted with all maths and science teachers in these two
schools before the experiment. This was deemed necessary as most of the teachers indicated
that they had never used computer simulations in their teaching even though some had
experiences in using them for their own learning. Only two senior science teachers indicated
that they had used computer simulation for demonstration purposes. The role of the teachers
was to help organise the pre- and post-testing and to provide supervision during the
experiments and the three different phases of the research.
The experiment was carried out once for all three groups using each school’s computer
facilities but at different times in the two schools. All three groups used the one room,
however the students in each group were allocated to use computers in certain parts of the
room with no communication allowed between the different groups. The 48 students were
randomly selected into three groups of 16 students with each group receiving a different level
of guidance.
Test measuring: a questionnaire about density
Firstly the common misconceptions about density were identified based on the literature
review (Çepni & Şahin, 2010, 2012; Costu & Unal, 2005). The eight misconceptions of Costu

and Unal (2005) were analysed against the density PhET simulation conceptual areas where 6
misconceptions were identified to have been addressed by the density simulation. The twelve
questions in the questionnaire were designed to identify and highlight the misconceptions in
the 6 conceptual areas outlined in Table 1 below, and provide opportunities for the research
participants to challenge and adjust their thinking.

I

II

III

Density Relationships

Misconception

Relationship between floating and
sinking (light object floats and heavy
objects sinks)
Relationship between an object’s mass
and volume (the bigger the size the
heavier it is)
Relationship between an object’s
change in volume upon its density
(change in an object’s volume or size
also changes its density)

The weight of an object determines if it will
sink or float. Heavy objects always sink, and
light objects always float.
Bigger objects are heavy and therefore sink
when placed in water

IV

Relationship between an object’s
change in Mass upon its density
(change in an object’s mass also
changes its density)

V

Relationship between densities of two
different objects. (Two different
objects with the same mass have the
same density)
Relationship between an object’s mass
and volume to the amount of water it
displaces (the amount of water
displaced is equal to the volume of the
object that is submerged)

VI

The smaller something is, the less density it
has. So smaller objects are less dense than
larger objects
If you cut a piece of wood in half, the
density of each piece is now half of the
original piece
If you take a ball of clay and add more clay
to it, the ball will get larger and the density
will increase
The less mass an object has, the less its
density

A rock and a piece of iron having the same
mass (100g) also have the same density
Wood and plastic objects float. Metal objects
sink
The size of an object is responsible for the
displacement of water.

Table 1: Relationships and misconceptions about density

Misconceptions in density happen at two levels, the micro and macro and it is argued that
learners require both levels to fully understand the concept of density. Due to the focus the

designers of density PhET computer simulation have on the macro aspect of density,
however, this research will only focus on density concepts at the macro level. Taking into
consideration the identified misconceptions about density and the macro focus of PhET on
density, 12 questions were designed for the questionnaire. Table 2 outlines content about
density that students have to learn, the context of the application of the concept and the
number of the corresponding question from the questionnaire.
Correspond
ing

Content about density

Application of concept

I

Defining floating and sinking and giving reasons 1
why objects float or sink
Different material and mass with similar volume
2, 5

II

II
I

I
V

V

General knowledge about
the phenomena (Density)
Density of a material is
specific to that material
(No two materials have
similar density).
Floatation of an object
depends on the material
that it is made up of and
not its weight.
Objects float if they are
light for their size and
sink if they are heavy for
their size.

Different material, different volume with similar 7
mass
Same material, same volume but different shape
11

Two of the same materials having similar mass
but different volume
4, 6, 8

Two of the same materials with similar volume 3
but different mass
The amount of water Displacement of water from different objects with 12
displaced by an object is the same volume at different submerged levels in
equal to the volume of the water
that object submerged
Objects float depending Two different materials with similar volume but 9, 10
on
their
density different masses submerged in two different fluids
compared to water; for (water & oil) Fluids with different density
an object to float its
density needs to be less
than that of water

Table 2: Content about density and corresponding question

The first question in this research questionnaire was taken from a tested research
questionnaire from Çepni, Şahin, & Ipek (2010) and the following 11 questions from a

research questionnaire developed by Derradj (2014) Each question required a two tier
response, a selection of the correct multiple choice answer and then a selection of the reason
for that answer. (See Appendix A for sample questions from the questionnaire) The second
tier response of the multiple choice reasons for the answer given, have been developed by the
researchers involved in this research. The second tier choices were created to explain the
possible reasons for the first tier selection. The score system used was adapted from (Şahin,
2010) with some amendments for the second tier reasoning response.


For the first multiple choice section the score is: correct choice (CC) 2 points; incorrect
choice (IC) 1 point; no response or empty (E) 0 point.



For the multiple choices section with reasons the score is: correct reasoning (CR) 5
points; partial correct reason (PCR) 4 points; reason including alternative concepts
(RIAC) 3 points; incorrect reason (IR) 2 points; unrelated reason (UR) 0 point.

An individual with a total point score of 7 for an item shows a correct reasoning for a
particular choice or concept. The scores obtained from the 12 questions during pre-test and
post-test were totalled out of 84 points.
Research design and data collection
The research was preceded by a period of familiarization with the software. The students had
two hours to explore PhET simulation computer under the teacher’s supervision. During this
familiarisation phase, students having difficulties with this software were identified and
assisted, giving them extra computer practice time if necessary to gain more confidence in the
use of the software. In this way, all students had a sufficient level of knowledge to use the
software during the research.

The research design was organized into three main phases:
I) Pre-test phase: consisted of the filling in of the 12 two-tier questionnaire in an hour. Each
student completed the questionnaire individually and anonymously. The tests were given a
numerical code so that individual student’s pre- and post- testing could be analysed.
II) Training session phase: consisted in the using of the PhET simulation computer software.
Students were given 30 minutes to learn how to navigate around the software.
The training session consisted of one hour of using PhET simulation on the topic of density.
In this session, a designed activity was used (http://phet.colorado.edu/sims/density-andbuoyancy/density_en.html,) (See Appendix 1 for an example of the activity tasks). To
perform this phase, the students were seated according to their randomly selected groups with
each group of 16 receiving their designated level of guidance. The three levels of guidance
were differentiated by the different levels of instructions provided, as outlined below.
1. Unguided group: the students receive only the simulation operational instructions
below
1
2
3
4
5
6

7

Identify PhET simulation logo on the desktop and double click to run
On the PhET interactive simulation interface, click on play with sims
On the PhET simulation category on the left side of the page, click physics
All physics PhET simulation will be displayed but only select density by clicking on
its icon
A density PhET simulation interface will be displayed
On the top right and top left of the interface are block settings which you can adjust
or manipulate to give an outcome on the block's material, mass and volume
depending on which setting you have selected.
To move the block, click and hold on the block then drag.

2. Minimum Guided Group: the students receive simulation operational instruction as
for the Unguided Group plus concept probing questions, outlined below, provided by
the teachers on paper to give some form of directions.

1
2
3
4
5
6
7

What is density?
What is the relationship between an object’s density and the change in its
volume?
What is the relationship between the density of one object with the density of
another object having the same volume?
What is the relationship between an object’s density and the change in its mass?
What is the relationship between an object’s mass and volume?
What is the relationship between an object’s mass and the amount of water it
displaces?
What is the density of an object that hangs (floats under the water surface) in
water?

3. Maximum Guided Group: the students receive simulation operational instruction; the
concept probing questions and detailed written procedures of the task activity
(Appendix B). In addition, the concept probing, questions were asked during the
experiment session in a personalized way.
In their respective groups, students worked collaboratively in pairs to acquire a conceptual
understanding of density using the computer simulation. A summary of the guidance for each
group is shown in Table 3:

Type of discovery
guidance

Simulation
operational
instructions

Concept
probing
questions

Procedures

Number of
students

Number of
pairs

I

Unguided

x

-

-

16

8

II

Min guided

x

x

-

16

8

III

Max guided

x

x

x

16

8

Table 3: Types of guidance in computer simulation
The training session was video recorded by the researchers to observe the discussions that
took place between the pairs as they worked through the simulation activities.

III) Post-test phase: the same questionnaire from the pre-test was once again filled in
individually and anonymously by the students.
Data analyses
First, a descriptive data analysis was used on the overall scores from the pre-test and post-test
questionnaire responses. Then, an inferential statistics method was used, to test the
hypothesis and to draw conclusions about the sample. Since the measuring scale was ordinal,
a non-parametric data treatment known as Mann-Whitney U test was used to test whether one
group performed better than another without making the assumption that the values showed a
normal distribution. It was expected that there would be a difference between the control
group (Unguided Group) at post-test in comparison with the two other groups when
analyzing the improvement in scores between pre-test and post-test. So, there was a
comparison of scores obtained from the three different groups during pre-test and post-test
analyses in order to find evidence of conceptual changes that may have occurred after the
experience.
Finally, there was an analysis of the videos taken during the training sessions and the
resultant ethnographic notes of the critical conversations between the student pairs, provided
evidence of the conceptual difficulties that were discussed by the pairs of students.
Results
The result section is divided into two sub-sections: the descriptive statistics and the
inferential statistics.
Descriptive statistics
This descriptive analysis section involves analysis of mode, median and range of the test
score results from the pre-test and post test data. The shift (in numerical numbers) refers to

the results obtained from the comparison of mode between pre- and post-test (mode at posttest subtract mode at pre-test for each group). A positive shift means, the mode has increased
in post-test compared to pre-test. The shift in the median can be interpreted as the shift from
intuitive concept towards a more scientific concept of density. A range is the simplest
measure of dispersion; it is the difference between the highest and the lowest scores obtained
in an assessed environment. In this research, the range is an indicator of how much scientific
concepts students know or the scientific scope on the topic of density.
In an analysis of the mode data, the Unguided Group’s score mode had shifted 2.5 units, the
Minimum Guided Group had a shift of 3.5 units while the Maximum Guided Group had a
shift of 4.5 units. The comparison of the range of the pre-test against the post-test for each
grouping showed a 2 units loss for the Unguided Group, while the Minimum Guided Group
showed a gain of 2 units while the Maximum Guided Group a gain of 8 units. The progress
of each grouping has been summarized in Table 4. It shows a comparison between individual
participants’ scores in the pre-test and the post-test.

The table of progress has three

indicators, the positive (+) representing progression; the zero (0) representing no progression,
and the negative (-) representing regression.
After the training session, results from the Unguided Group showed that 12 pairs had
achieved progression, one pair with no progression and 3 pairs with regressions. The
Minimum Guided Group had 10 pairs with individual progression, 6 pairs with regressions
and none with no progression. The Maximum Guided Group had 11 pairs with progression, 5
pairs with regression and none with a no progression result.

Group
I
Unguided
II
Min guided
III Max guided
Total

(-)
3
6
5
14

(0)
1
0
0
1

(+)
12
10
11
33

Tot
16
16
16
48

Table 4: Students’ scores after the intervention of computer simulation

A further analysis of individual scores for each question was also completed because of the
similarity of scores obtained across the groups. Scores for individual questions were then
tallied to give the whole group performance. The differences were represented by a number
with a sign which symbolised a gain in score, a positive ( +) sign for progression, a zero (0)
for a no gain and a negative sign (-) in front of a number for a regression. The three tables
showing question score differences for each grouping were then summarised into a summary
table of correct reasoning (Table 5). The positive sign (+) represents a gain in correct
reasoning for a particular concept tested by the question, with a shift from an
intuitive/preconception on density into a more scientific conception; zero (0) represent
sustaining of preconception, and a negative sign is a representation of a loss in correct
reasoning.

Groups
I
No guide
II Min guide
III Max guide

Q1
0
+
+

Q2
+
+

Q3

Q4
+
0
0

Q5
+
+

Q6
+

Q7
+
+

Q8
+
0
+

Q9
-

+
0
+

Q10
0

Q11
0
+

Table 5: Comparison of correct reasoning obtained in each groups
The Maximum Guided Group secured a gain in correct reasoning (CR) for 8 questions and 3
no gains. The Unguided Group secured a gain in correct reasoning for 6 questions, 2 no gains
and 4 questions where there was a loss of correct reasoning. The Minimum Guided Group
secured a gain in correct reasoning for only 1 question, seven questions where reasoning was
lost and four no gains.

Q12
0
0

Question eight was the only question where all three groups failed to gain in correct
reasoning and indeed each group showed a loss in reasoning. Taking into account the fact that
questions 4, 6, and 8 were all testing for the same effect by using the same material with
similar mass but different volumes and question 4 and 6 present a similar characteristic with
only the Minimum Guided Group with a fail in both, it can be concluded that maybe question
8 was not clear enough.
Inferential statistics
The results indicated that there are no two groups differing significantly on their scores of
pre-test and post-test except for the overall scores of post-test compared to pre-test. It can be
noted however, that the U-value of comparison of scores pre-test vs post-test is 857.5 and the
p-value is significant 0.03156 (p < 0.5).
Discussion
In this section a discussion about the three level of guidance for each group is presented,
taking into consideration the results from descriptive and inferential statistics. For a critical
analysis, in this section the video and the ethnographic notes taken during the training
sessions are also taken into account.
Students in the Unguided Group due to the lack of guidance, were required to self-organize
the information and take control of their own learning. Even though the candidates were in
senior high schools, they were not familiar with pure discovery learning methods and
therefore should be regarded as novice discovery learners, characteristically experiencing
confusion and discouragement whenever faced with difficulty (Alfieri et al., 2011). From the
video and the ethnographic notes, it was observed that students in this group spent the first
quarter of the hour in a high engagement of paired discussions but failed the first step towards
learning which is to set their goals.

In the Minimum Guided Group, the questions on paper might have acted as a guide however
students demonstrated a need for more probing questions. The central tendency and
dispersion results indicated that the Minimum Guided Group had a positive shift towards
scientific concepts. Students in this group, however, were weak in answering probing
questions and found difficulties in giving explanations for their answers. This result could be
related to the difficulty of the topic. Indeed, scientific concepts like density require
processing to reorganize and restructure the concept in order to achieve scientific knowledge
(Ünal & Coştu, 2005). From the video and the ethnographic notes, it was observed that
individuals in this group spent more time discussing and interacting with the computer
simulation in trying to find answers to the questions instead of internalizing the scientific
concepts the answers to the question were trying to promote.
The Maximum Guided Group seemed to reduce the cognitive complexity of the task in order
to maximize learning.and maximize learning. Even though the Maximum Guided Group had
a high number of students who regressed in the overall raw score performance, the central
tendency, the dispersion, and the correct reasoning score analysis demonstrated overall that it
had performed better than the two other intervention groups. A more vivid indication of
conceptual change was shown in the analysis of the correct reasoning results when the group
secured an eight out of twelve gain in correct reasoning with three questions unchanged in
correct reasoning and only one showing a loss of reasoning. Clearly with this group the
gains outweighed the losses. Furthermore, from the video and the ethnographic notes, it can
be observed that learners in this group tended to be more focused and engaged in only
minimum discussion.

Conclusion
The underlying purpose of the research presented is to identify the amount of guidance
required for the effective learning of science concepts when using computer simulation. From
the results, it can be concluded that construction of knowledge from discovery learning
activities occurs with or without guidance. Indeed, there is no significant difference between
the performances of the three groups. The amount of guidance however, had an influence on
the amount of conceptual gain achieved and its effect on learner’s intuitive knowledge
(Kirschner et al., 2006). It can therefore be concluded that the Maximum Guided Group’s
treatment was the most effective treatment for conceptual change when using computer
simulation. In addition, teachers who use computer simulation as a discovery learning tool
should always provide enough guidance for effective conceptual change.
It is also important to consider that being computer literate gives the learner a positive
computer self-concept which is completely linked to computer interest, engagement and
finally learning from the use of computer (Christoph, Goldhammer, Zylka, & Hartig, 2014).
On the other hand it is a challenge for developing and least developed countries like Vanuatu
where the majority of students have less exposure, knowledge and skills in the use of
computers (Iding & Singh, 2013; Iding, Skouge, & Peter, 2008): therefore having a low
computer-self-concept will directly influence their motivation and performance.

Finally, the results could be useful for the design of computer simulation activities.
Recommendations for future research include the need to test students from different grades
and extend the sample of students to provide a more significant analysis.
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Appendix A

Examples of questions take from the questionnaire based on the work of Çepni &
Şahin, (2012):

Questions n.: 3
Sketch the representation of the three bottles of water when dropped in the water-aquarium

Circle a letter of choice which gives a best explanation for your choice in question 3.1
Choice
A
B
C
D

Possible explanation
Each bottle’s position in the water is determined by the amount of water in it.
Each bottle’s position in the water is determined by its weight alone
Each bottle’s position in the water is determined by the amount of air in the bottle
Each bottle’s position in the water is determine by the density of liquid it contains

Question n. 10
This aquarium is filled with oil. Sketch the representation of these wooden and metal balls
when dropped into it.

Circle a letter of choice which gives a best explanation for your choice in question
Choice
A
B
C
D
E

Possible explanation
Each ball’s position in the oil is similar to that of water
Some part of both ball’s will be emerged on the surface of the oil
Both ball’s will be at the bottom of the aquarium
A larger part or larger fraction of the wooden ball will be emerged and the metal
ball will maintain its position compared to that if it was in water
Both ball’s hang in the oil with the wooden ball above the metal ball

Question n. 12
In the pictures below, substances with the same volume are placed into the barrels filled with
water. Which one of these substances will cause equal amounts of water from the barrels to
over flow?

A.II and IV

B.II and III

C.III and IV

D.I and IV

Circle a letter of choice which gives a best explanation for your choice in question 11.1
Choice
A
B
C
D
E
F

Possible explanation
Because the mass of both objects are equal
Because both of those two objects are heavier than water
Because the amount of overflowing water of the submerged object is equal
Because the displaced water is equal to the submerged volume of water
Because both objects are under the water
Because parts of both objects are above the water

Appendix B

Task from the activity on density proposed in the training sessions (Retrieved online
from
http://phet.colorado.edu/sims/density-and-buoyancy/density_en.html
the
17/12/2014):

Material

Mass (kg)

Volume (L)

Density (kg/L)

Does it Float?

Styrofoam
Wood
Ice
Brick
Aluminum
In the custom setting, choose the ‘My block’ option in the material drop down box. Set the
mass of your object to 4 kg. Adjust the volume to find the minimum volume needed to make
the object float.

Volume_________________

Density__________________

How does the density of a large piece of aluminium compare to a small piece?

