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Abstract 
This paper aims to present the step-by-step development of an educational simulating software for 
Science in Kindergarten, relating to Soluble and Non-Soluble Materials, as well as to the Thermal 
Effects of Melting and Freezing. The lack of educational software on the discipline of Science, as far 
as the Greek context is concerned, and the desire of contemporary learners to interact with digital 
content, served as a fact. 

During this process, we took into account in order to design the software the relative Learning 
Theories, the specific characteristics of preschool age children, the nature of Science as a learning 
discipline, as well as usability rules.  

The named software, titled “Let’s Play with the Materials”, was designed and implemented within this 
framework, using the Adobe Flash Professional developing tool. The paper describes all the factors 
taken into account during the development, as well as the usability evaluation held through the Think 
Aloud Protocol. 

After the evaluation, the software was improved and integrated into the kindergarten's school practice, 
aiming to amend children's pre-existing knowledge on the natural phenomena into knowledge that is 
more consistent with the scientific cognition. 
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1 USING DIGITAL APPLICATIONS IN THE APPROACH OF SCIENCE 
The integration of ICT positively motivates children and helps their involvement in the learning process 
(Brooks et. al., 2005), but has also significant results in the approach of various subjects of the 
curriculum (PI, 2011), including the discipline of Science (Ke, 2009). In physical sciences, it is very 
important to activate students' analytical and synthetic thinking through a data collection and 
processing method (Raptis-Raptis, 2007). The creation of mental representations on which the 
experiences of transformation or the abolition of natural laws and the creation of "alternative worlds" 
(Solomonidou, 2006) are built, is also considered very important. 

There are four main effects when the using ICT in the approach of Science. Initially, ICT contributes to 
the child's cognitive development, offering a range of experience. Through this experience, students 
can connect Science with their everyday life through their interactions with the world (Webb, 2012). In 
order to approach this particular subject, software with simulations and modeling, digital games and 
virtual worlds can be used. The use of educational software favors children in approaching concepts of 
Physics and, as has been shown by studies, digital media can bring children into contexts from the 
science of science, which as they are rather abstract are difficult for the mental level of infants 
(Lieberman, 2009). 

An appropriate educational software for natural sciences should encourage children to collaborate and 
share ideas through this interaction (Webb, 2012). Appropriately designed educational software 
should stimulate pupils' interest in various physical phenomena and contribute to the cultivation of 
skills that will be useful in their lives (Solomonidou, 2006). At the same time, it must provide for the 
creating a high level of exploration, in order to lead them to understand difficult phenomena and to 
modify their pre-existing ideas with new ones that are in line with scientific knowledge (Solomonidou, 
2006). 

Educational simulations are a useful tool for approaching natural phenomena and concepts. In order 
to define educational simulations we would say that it is a software that allows users to work in a real 
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or imaginative computer model to learn how things really work (Roblyer & Doering, 2014). Through 
simulative situations, students are able to observe large-scale phenomena, macroscopic and 
microscopic (Clark, 2009, in Clark et al., 2009). At the same time, they are able to connect natural 
science subjects with the real world in a rather easy way (Wieman & Perkins, 2006). 

2 TARGET GROUP AND LEARNING GOALS 
The software is designed for preschool children aged from four to six years. It refers to the Cognitive 
Subject of Science and more specifically to the approach of the Units: "Soluble and Non-soluble 
Materials in Liquids" and "Thermal Phenomena: Melting and Freezing of Materials". As a general 
purpose, in the upper hierarchical level of the digital application, it is aims to initiate children to the 
"scientific literature". This goal is based on research data, according to which there is a need for a 
different approach to natural sciences (OECD / PISA, 2015). Thus, the group of users for whom it was 
designed that will come into contact with the two phenomena, will observe them through the free 
interaction with the materials and perceive the different principles that govern the phenomena. 

The general purpose will be accomplished through the fulfillment of individual cognitive goals for each 
module separately. As far as the software module "Soluble and Non-soluble Materials in Liquids" is 
concerned, the individual learning objectives that are set are at a cognitive level. The objectives to be 
fulfilled are: 

1 Understand that a solution is obtained by mixing at least two components, in this case a liquid 
and a solid 

2 To distinguish soluble to non-soluble materials 

3 Understand that a material that dissolves does not disappear, but it continues to exist in the 
solution 

4 To engage with the scientifically acceptable term "dissolves" in order to replace the words 
"disappears," "hidden," "mixed," "transformed," which children tend to use 

For the "Thermal Phenomena: Melting and Freezing of Materials" section, the individual learning 
objectives put on a cognitive level are: 

1 Observe the melting phenomenon, i.e that some materials pass from the solid to the wet state 

2 Understand the causality relationship, ie to connect melting with the heat supply, either from a 
heating device or from the environment. This goal is aimed to "retreat" the annoying type of 
explanations that children of this age usually give and replace them with the scientifically 
acceptable ones 

3 To recognize freezing, that is to say, that certain materials pass from the liquid to the solid state 

4 Connect coagulation with freezing in a freezer 

The cognitive objectives described are in line with the objectives set for the science activities in 
kindergarten, that are carried out experimentally (hands-on actions) within the classroom (Ravanis, 
2003). At the same time, the skills objectives of scientific writing are being cultivated. 

3 THE SCENARIO OF THE EDUCATIONAL SOFTWARE 
The software scenario takes into account: 

• the basic principles of the theory of Constructivism, Learning Discovery, and Playful Learning, 

• the level of mental development of the children to whom it is addressed, 

• their existing ideas for phenomena to be examined, as they arise from both the relevant 
literature and the group of children who participated in the exploratory phase of the present 
study); and 

• their views on the aesthetics of digital applications. 

At the homepage a central menu is offered, with the name of the application being animated in the 
center of the interface. It is also offered to the user the choice to instantly navigate to the four distinct 
environments (stages). These are: a. Soluble and non-soluble materials (stage: kitchen); b. The 
thermal effects of melting and freezing of materials (stage: kitchen); c. Soluble and non-soluble 
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materials (stage: garden) , and d. The thermal effects of melting and freezing of materials (stage: 
garden). The user can choose to enter any of the stages he wants by clicking the corresponding icon. 
Children can interact with a variety of materials in the yard and kitchen area. Inside the software, there 
is a Non-Active Character or Non-Player Character, through which the user is mobilized and is 
provided the necessary feedback (Funge, 2004, by Ketamo et al., 2009). The aim of this NAC 
character is to create concerns for children-users to begin experimenting with materials. 

One of the choices the user has is to experiment with the dissolution of materials in the water in the 
kitchen area. The Non-Active Character mobilizes him to open the cabinets and the refrigerator and 
find out where the materials are. Then he may select (using the mouse), , a solvent, a solute and the 
experiment container out of the offered the materials. The user can each choose only one solvent and 
only one soluble substance, in order to realize that a solution is obtained by mixing at least two 
components, in this case a liquid and a solid. When the appropriate choices are made, an animated 
representation of the dissolution begins by zooming in on the experiment table (as shown in Figures 1-
3). The animation is performed at a speed appropriate to make the process of dissolving soluble 
material in the solvent noticeable by the children. 

 
Figures 1-3:  Scenes from the dissolution experiments 

Immediately after the experiment, the user returns to the kitchen area, where he has the choice to 
choose another combination of materials. The materials were selected from the daily life of children, 
as according to the literature (Parchmann, 2006), the basic feature of a context-based software is the 
selection of content related to pre-existing experience. The materials found in the kitchen area are: a. 
Sugar, salt, coffee (soluble materials); b. Lentils and beans (non-soluble materials); and c. Orange 
juice, water and milk (Solvents). We chose to have variety of materials in order to offer many choices 
and some freedom for the user. When such a principle is maintained, active engagement, self-action 
and autonomy are enhanced, while the user himself has increased control over the learning process 
(Bull, 2013).  

The user can perform fifteen different experiments by interacting with all the materials. On the lower 
left side of the scene, the Non-Active Character holds a table with two active buttons. One navigates 
to an evaluating table board and the other is a home clipart, which is used to exit and return to the 
main menu. When navigating to the sorting table, the Non Active Character says: "Put the materials 
that do dissolve in the yellow table and those that do not in the pink." The materials can be placed in 
the tables by dragging and dropping. Even if misplaced no correction of feedback whatsoever is 
offered, as the purpose of the tables is for our evaluation of the learning process. In this scene there is 
also a home clipart (active button), which can be used to exit and return to the main menu. 

When the child returns to the main menu, he can choose to experiment with materails in the garden. 
He can also navigate to the stage by clicking on the door located in the kitchen area. This choice has 
been made in order to offer direct and physical access to the exterior, enhancing the usability of the 
navigation. The materials offered in the yard are: a. Gravel, sand, stone, leaves (non-soluble 
materials), and b. Water (solvent). 

By choosing any material, children can drag and drop it over a bucket with water. Then an animated 
simulation begins, which results in a zoom in to the bucket and shows the non-dissolution of the 
materials in the water. Returning to the main menu, the user can choose to enter the next stage, which 
refers to the thermal phenomena of melting and freezing of materials in the kitchen area. He can open 
the cabinets and the cooler by clicking on them and reveal the materials to explore (wax, glass with 
water, orange juice, ice cream bowl, ice cream bowl, ice cube, chocolate and butter). The materials 
are such that they can melt and freeze in such a way that the users will be able to observe the process 
from the solid to the liquid state and from the liquid to the solid respectively. 
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The user can drag and drop the butter to either of the heater, i.e in the oven or in the kitchen 
apparatus. When the material are placed on a heater, then an animated representation of the melting 
starts. At the same time, a thermometer is displayed next to the material. The animation is performed 
with a zoom in on the heater. Especially in the case of the oven, its door do not close so that children 
can observe the intermediate stages of melting (as shown in Figures 4-5). 

 
Figures 4-5: Scenes from the experiments of melting 

Once the melting of the material has been observed, the user returns to the kitchen area, where the 
molten material is on the table. Then the user has the option, if he wants, to drag and drop it to the 
refrigerator, or otherwise to interact with the rest of the materials. When he draggs the material into the 
refrigerator, we automatically zoom in to the freezer compartment, and an animated representation of 
the freezing begins. Inside the refrigerator there is a blue mercury thermometer, which refers to 
cooling the refrigerator. In order for facilitate the user to understand that the material has frozen, the 
material is overturned and shacked up and down in an animated representation. 

On the lower left side of the stage, the Non-Active Character re-holds the board with the two active 
buttons: the sorting tables and the clipart of the house to return to the main menu. When the user 
chooses to navigate to the first sorting table, the Non-Active Character says: "Put the materials that 
freeze in the yellow table and those that do not in the pink." On the scene there is the home clipart 
(active button), which can be used to exit and return to the main menu. There is also an arrow button 
which enables the user to move to the next sorting table, the one for the materials that can or cannot 
melt. In both the first and the second case, the materials are placed on the tables by dragging and 
dropping. Even if a mistake is made, no correction or some other kind of feedback is provided. With 
these evaluation activities, we seek to examine if the children perceived that some of the materials: a) 
can freeze, i.e. they change the state (from liquid to solid), while others cannot, and b) can melt, i.e. 
they change state (from solid to liquid), while others cannot. 

By returning to the main menu the user can also choose to enter to the fourth stage, the one that 
refers to the thermal phenomena of melting and freezing in the garden area. In the same environment 
the user can be navigated by clicking on the door in the kitchen area where he deal with the materials 
for the thermal phenomena. In this stage the user: 

a) can click on the cloud thus revealing the sun. Then a simulation animation will begin showing 
the process of snow melting. This activity refers the second objective of unit, as the causal 
relationship between the natural heat source (sun) and the melting of snow is highlighted. Also, 
while the phenomenon is carried out, we demonstrate not only that the snow is the solid form of 
the water, but also the gradual change of its state (solid state (snow)  liquid state (water). 

b) can drag and drop to the fire the three objects in the garden (stone, brick, tile). By dragging the 
material to the fireplace, a focusing is automatically performed and relevant animations are 
carried out. 

By clicking on the clipart of the house the user can navigate to the main menu and repeat which 
activity he wants. 

4 NAVIGATION IN THE SOFTWARE 
In order to assess the navigation, we quote the Nielsen criteria, as analyzed by Squires and Preece 
(1999). In order to properly navigate in an educational software, the designer should: 1. Provide an 
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interface designed in such a way that the user can discover the paths to the various locations within 
the software (those in which he was before, the one in which he now is and those that he may be 
found); and 2. there must be offered representations that will make it easier for users to evaluate the 
different stages of the software in which and the ways that those relate to the various requirements of 
the activities. 

The first criterion is fulfilled as the user is provided with multiple ways to navigate to previous and next 
stages (main menu clipboard house, kitchen door leading to the garden, dartboard on scoreboards). 
The transitions are made by using buttons designed in accordance with the Semantics Domain 
characteristics of the Buttons (Gee, in Caperton, 2012). The user is asked to discover the navigation 
paths between the various points, i.e. to discover the buttons, but in order to do so he must 
understand and form cognitive shapes for the characteristics of the same Semantic Field. Regarding 
to the second criterion, Squires and Preece (1999) refer to internal feedback, which in our case is 
covered by the Non Active Character’s feedbacks. Such feedback is generated by the program in 
response to a specific user attempt to complete an activity. 

5 USABILITY OF THE SOFTWARE 
In order to evaluate the usability of the designed software, we adopted the predictive heuristic 
assessment as proposed by Squires & Preece (1999), as forms a suitable approach for teachers. With 
regards to the system status view, the software continually provides information about the progress of 
the user’s actions. Different environments (stages) are clearly designed, while the Non-Active 
Character activates and provides feedback with suitable sayings with words that are familiar to 
preschool children, thus linking the system to the real world. 

As far as the user’s control and the freedom of control that is offered, users are provided with the 
"home" button that navigates them to the main menu. Another feature that facilitates users and 
generally offered in applications is the reset button to resume a specific scene. In that way we 
implemented an indirect rollback option at the beginning of the scene by placing a button with a 
relevant graphic feature next to the "return to main menu" button. 

In order to predict error prevention, the software was designed taking into account the technical 
characteristics of a current computer. In other words, the size of the executable file (.swf) does not 
require too much memory, and graphics can also be reproduced by means an average graphics card. 
By faithfully following the criterion of consistency and standards, the user can easily recognize both 
the objects (buttons and materials) and the actions. So he is not obliged to return to previous stages to 
recall information. The criterion of flexibility and efficiency of use is respected, as a number of buttons 
included ('home' clipart, reset, kitchen door) can act as accelerators. Those elements facilitate the 
quick navigation of the experienced user, but they do not prevent or reduce the navigation experience 
for the beginner. The criterion for tasteful and minimalist design is fulfilled, as the graphics are simple, 
well-designed and colored appropriately. The words used by the Non-Active Character are simple, 
concise and to the point. The sounds are suitable, in harmony with the environment and the 
development of the storytelling, offering an attractive digital interactive environment. 

6 DESIGNING THE BUTTONS AND THE MOUSE HANDLING 
For designing the buttons and the usable handling of the mouse, we took into account the principles of 
Gee's theory (in Caperton, 2012). 

1 Active and Critical Learning Principle: All software components are configured in such a way 
that encourages active and critical rather than passive learning. 

2 Design principle: Designing the software environment and adhering to design principles for 
stylish and functional environments is very critical to the learning experience that the software 
offers. 

3 Semantics Principle: The software must be designed in such a way that each element has 
distinguished features and a meaning that characterizes it. For example, when designing the 
"return to the original menu" button, we chose the drawing of a house, which is clipart, to 
maintain a playful character (signified). On a second level, this house is not a simple drawing, 
but when mouse-overed the cursor turns into a dart, allows the user to press it and after being 
pressed the user is navigated elsewhere (signifier). 
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4 Semantics Domains: Learning is related to the overall respect of the common attributes one 
signifier shared with others with which they form a common semantic field. For example, the 
buttons have some common properties, meaning that for designing a button one shall first 
deeply know the relevant attributes and then respect those attributes when constructing every 
new button. 

5 Metalevel Thinking Principle: Learning includes active and critical thinking about the relations 
between objects belonging to a semantic field (a group of objects with common properties and 
attributes), with objects belonging to others semantic fields. In other words, the user has 
realized that the buttons belong to a semantic group with features such as: a. can be clicked; b. 
they are clipart patterns that imply a navigation; c. when the mouse-overed the mouse pointer 
changes shape (from dart to hand); d. they do not exactly match with the main story, but form 
choices for alternative (auxiliary, minor) actions, such as going to the main menu, changing the 
scene, etc. 

7 STUDY ON THE SOFTWARE’S USABILITY: METHODOLOGY- SAMPLE 
The usability of an Educational Software is a fundamental element when assessing its suitability. The 
components that determine the usability of the evaluated software refer to a number of axes and 
include navigation, buttons, commands, sound, music, and operation. In order to evaluate these 
elements, the literature favors the opinion of the end user of the software himself (Krug, 2010), rather 
that the expert’s. In this context, we adopted the Think-Aloud-Protocol in order to carry out a study on 
the evaluation of the proposed software, as this Protocol puts the user's opinion on the usability of 
software (Krug, 2010) in the center. 

The elements proposed by the Think-Aloud-Protocol are suitable for assessing the user-friendliness of 
educational software by the students themselves as they serve the principles of a learner-centered 
approach. The user is asked to express loudly his thoughts, opinion and feelings about the material 
with which he interacts. The researcher encourages children to express themselves with sayings such 
as "what do you think", "what troubles you", "what difficulties did you encounter", "what do you like", 
"what do you dislike", "would you like to try something else". This non-directional perspective 
characterizes the overall Methodology of the Think-Aloud-Protocol. 

The sample of our intervention consisted of eight children aged form 5 to 6 years. The sample was 
selected randomly, from all the pupils of the All Day Kindergarten class where the research was 
carried out. All children had previous experience in computers and their knowledge was average to 
high. The intervention was carried out at the end of April 2016. The duration of each intervention 
varied depending on the interest shown by each individual. The research process was carried out at a 
suitable school class after having taken into account, all the parameters proposed by the Protocol 
(environment stability, space comfort, quietness). 

The recording of the children's moves on the computer screen was done using the Camtasia Software 
and the supplementary researcher’s notes in paper, as the Think-Aloud-Protocol methodology 
suggests their use in order to focus on both verbal and non-verbal communication. Written notes were 
the source of rich qualitative data that we then transformed into quantitative records using a structured 
evaluation questionnaire. In the questionnaire, each child's individual details (age, sex, degree of 
computer literacy) are initially recorded, as well as the overall time the child interacted with the 
software. 

Finally the software’s rating categories were set, taking into account the criteria set by Squires and 
Peerce (1999). The categories are: structure, handling, graphics, sound / speech, way of conducting 
experiments, emotions. The questionnaire for the above categories was formed by using the Likert 
scale, i.e. a scale from one to five for each answer. The rating categories of these elements were the 
following: buttons, objects and interaction. Finally, we performed the statistical processing of the 
quantified data through the SPSS program. 

8 RESULTS 
As far as navigation is concerned, all children managed to navigate without any difficulty. In the 
specific software environment, there are two ways to navigate: either through the Main Menu Button or 
via the door leading outdoors. All children naturally used both routes. The children had no difficulty in 
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selecting a scene from the Main Menu. This observation leads to the conclusion that the Central Menu 
scene was successfully designed. 

Furthermore we used three programming variables, the “click” to select objects by double-clicking, 
“doubleclick” to return an object to its original location, and the “draganddrop” variable ("drag and 
drop") to move the objects. The results indicate that while all children used the choice of clicks easily, 
none discovered the double-click option. 

From the above we conclude that the single click derives as a natural choice for mouse handling, as it 
does not require special skill or focus on the object. Instead, double-click is a more developed skill that 
children have not yet developed. The choice of drag and drop is also a more developed skill in relation 
to clicks, but the reason children have discovered must be sought in their effort to respond to the 
"rules" of the scenes that required it. In other words, when children interacted with the materials and 
failed to move with a simple click, they insisted until they discovered the drag and drop. Instead, 
double click was not a necessary "rule" for the evolution of the game’s story, as restoring the objects 
to their original position could be served in an alternative way (reset button). 

As for sound (music and sound effects - variable music), no child showed any decongestion, but on 
the contrary everything worked normally, while on several occasions the children expressed that they 
liked the music. Regarding to the Non-active Prophecies, all children except one fully responded to its 
sayings. 

The children accomplished all the actions required to conduct the experiments in the Soluble – Non-
soluble stage in the kitchen. We noticed, however, that three out of eight children delayed to discover 
the rule of the necessary combination to perform the experiments (solvent, material-to-be-dissolved 
and glass). Regarding to the actions they had to perform for the Soluble-Non Soluble Materials 
experiment in the yard, most children had no difficulty, as they naturally "dropped" the materials into 
the bucket with water. 

With regard to the choices they had to make to carry out the Experiments on Thermal Phenomena in 
the Kitchen Area, all children did the necessary actions without any difficulty, except for one child. In 
the case of children's interaction in the "Thermal Phenomena in the Garden Area" section, the four 
children fully met the requirements, while the other four responded after some difficulty. By 
experimenting, however, they managed to find out that they had to put the materials in the fire and 
continued their game without showing any apprehension. As far as the buttons are concerned, all the 
children discovered the navigation button to the Main Menu and half of them discovered and used the 
music button. 

All children expressed feelings of intense joy of engagement, both verbal and non-verbal, and sought 
to interact with the software either by playing all the scenes from scratch or by choosing the one that 
they liked most. 

Finally, the comments and actions of children served as feedback to improve the usability of the 
software. 
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