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Abstract 
Our research focuses on simulations designed to test students’ ability of controlling the variables in a 
phenomenon. For this purpose, we created simulations to promote inquiry-based activities, following a 
four-level inquiry continuum, namely: closed, structured, guided and open level. Digital worksheets are 
included within the simulations and interact with the simulations, altering the simulations’ settings, 
depending on the users’ preferences. All the actions (clicks, changing the parameters, etc.) that 
students perform in the simulations are recorded into log files. 

In order to test students’ understanding about the control of the variables, we conducted a research in 
Greece, where 18 High School students participated without any prior experience in inquiry-based 
activities. Students filled 8 digital worksheets each, 2 per level of inquiry.  

The results showed that students had difficulties in controlling the variables on multi-variable problems 
at the initial levels of inquiry, but later they were able to deal successively with them. Students’ ability 
to provide correct answers in the worksheets was increased, after interacting with the simulations, as 
well as the quality of the given answers, i.e. students could justify their answers based on the results 
of their activity. 

The study of the log files showed an increment of the actions taken by the students, as we move from 
closed to open level of inquiry. The increment of the clicks was recorded in all types of actions, 
especially in click-types such as clicks on the graphic plots, which in the first levels of inquiry students 
didn’t make much use of them. More elements of the simulations were exploited in open level, rather 
in the first levels of inquiry. 

In conclusion, our research showed that students developed a strategy of controlling the variables 
related to a phenomenon, in order to determine the relationship between key variables. Students also 
developed additional important conceptual and procedural skills, such as controlling the simulations, 
problem solving, designing procedures to acquire data, analyzing data and explaining their findings in 
more scientific ways. 
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1 INTRODUCTION 
Simulations and simulated Labs are computer programs with great significance in teaching, especially 
in Natural Sciences [1], [2]. By using simulations, teachers can engage students in inquiry-based 
activities that promote the acquisition of important both conceptual and procedural skills and alter 
students’ opinion about Science [3], [4], while providing a concrete framework for the creation of 
mental models [Buehl]. Researches prove the above conclusions in pre-class, in-class and after class 
activities [5-11].  

Control of Variables Strategy is a method for studying multi-variable phenomena [12], [13]. In inquiry-
based processes we must determine the relationship between the variables. To do so, we experiment. 
In multi-variable phenomena we seek for the relationship between the “key” variables (dependant-
independant) considering all other variables as control parameters. Control of variables strategy is 
considered highly important in scientific literacy, but the procedural skills needed for being able to 
conduct controlled experiments come only after practice and instruction of inquiry-based activities, 
either in real or in simulated laboratories [14]. The control of variables strategy can be admitted into 
the accompanying worksheets. 

The theoretical framework that supports and describes every aspect of the activities is Activity Theory 
[15]. Activity theory provides an appropriate framework for analyzing needs, tasks, and outcomes for 
designing educational activities. If an activity is not well designed, it will lead students in confusion, as 
they will not understand what we ask them to do [16]. 
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In order to help students understand concepts and acquire knowledge and skills, a simple involvement 
in the activities is insufficient [17]. Students are incapable of being immediately engaged in inquiry-
oriented activities and designing investigations, which they must carry out on their own [18], without 
the proper scaffolding. It is necessary to offer support and help them gradually perform open inquiry 
investigations, as the level of inquiry is critical for the skills we expect from the students [19]. 

In the first section we provide the details of the theoretical framework and methodology of our 
research. Afterwards, we describe a research contacted in Greece in order to answer our research 
questions about the effectiveness of our work and then we present the results and conclusions.  

2 METHODOLOGY 
Our methodology adopts strategies for every aspect of our research, from the design of the 
simulations, to the worksheets and the recorded log-files.  

2.1 Activity Theory 
Activity theory constitutes the theoretical framework, under which all of our activities take place [15]. 
As a framework it helps to set the right questions, not the right answers [20]. Activity Theory 
concerned the designers of educational technology from the very beginning [21], as it is a framework 
capable of supporting computer-based activities, such as simulations [22].  

In reference to Figure 1, the simulations are the tools which students use for the activities. The 
students, the subject of the activity, use the simulations in order to solve problems, the object of the 
activity, as they are described in the accompanied worksheets. As in our application, students work 
with the simulation at home, the community for the activity consists or the pair teacher-student. 
Teacher is the designer of the activities and the students. The teacher creates the activities, by 
designing the worksheets, with respect to the rules, as described by the inquiry continuum. The 
students complete the activities described in the worksheets, by following these rules. In our case, the 
division of (internal) labor is the different types of actions (clicks) that the students perform in their 
activities (Fig. 1). 

 
Fig. 1: Activity Theory in the case of inquiry-based simulations 

The goal of the activities is the gain of knowledge, but most important is the gain of useful skills, such 
as critical thinking, process design and problem solving. What is the most important of all is the 
creation of ideal conditions in order to alter students’ perception about Natural Sciences [23]. 

2.2 Simulations & Worksheets 
Simulations are designed in a way to support inquiry. They consist of three panels, the “action panel”, 
where the phenomenon takes place, the “representations panel”, where students observe the graphic 
plots, and the “control panel”, where students can make changes to the variables and alter the initial 
conditions of the phenomenon [24]. To support many problems of different levels of inquiry, the 
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simulations need many versions of the same phenomenon. Actually, there is a main simulation whose 
properties can change and it has the ability to adapt to each of inquiry levels [25], [26]. 

Simulations are created with the program Easy Java & JavaScript Simulations (EjsS) [27] and are java 
applets, capable of running in all main operation systems, such as Windows, Mac and Linux. The 
output is a MS-windows program representing a physics phenomenon. On the background, the 
applets are recording the clicks that the students perform and create an xml-type file, which is later 
send to a server for analyzing students’ actions.  

The worksheets are part of the simulations. From the main menu of the simulations, the students can 
choose a worksheet. These e-worksheets make easier the interaction with the simulations. The 
worksheet has the ability to hide the simulation for as long as the user fulfills a part of the worksheet, 
can alter the initial conditions of the simulations or the enabled features. 

Another program reads the log-files and has the ability to summarize the recorded actions and present 
them in graphic plots for further analysis. 

2.3 Inquiry Continuum 
The worksheets adopt the strategy Predict-Observe-Explain [28] and the complexity of the given 
problems increases, as we move from the 1st worksheet to the next, as this is needed in order to keep 
the interest of the students high and promote inquiry (Fig. 2). The answers to the problems must not 
be easy to find or guess. 

 
Fig. 2: Complexity to Level of Inquiry 

The designed activities follow an inquiry continuum consisting of four levels, namely closed, 
structured, guided and open level [19]. The initiative of the actions taken in the activities gradually 
shifts from the teacher to the students. In our series, there are 8 worksheets, 2 for each level of 
inquiry. As can be seen in Figure 3, the guidance provided to the students fades continuously from 
large to none as we move from closed to open level. The responsibility of the tasks is gradually shifted 
from the teacher to the students, until, at the open level of inquiry, all the tasks are of students’ 
responsibility, with no help at all, for truly open inquiry investigation [29], [30]. 

 
Fig. 3: Inquiry Continuum & Responsibility of the Tasks 

8777



2.4 Variable Control 
The simulations also support variable control. This means that the simulations interact with the 
worksheets and change their behaviour according to students’ choices. This way, the students have 
the control of the variables of the phenomenon. This is done with electronic worksheets, which are 
included in the simulations and have the ability to communicate with them.  

In the activities we created, there are four independent variables and three dependent ones. The 
variables have distinguished roles for each activity. At the first two levels of the inquiry continuum 
(closed and structured), as it is described below, there are only one-parameter problems. This means 
that the students can choose only one independent variable at a time and, of course, one dependent 
variable. The next two levels of inquiry (guided and open) deal with two-parameter problems and the 
students have to choose, except from the one dependent variable, two independent variables; the first 
one is called variable and the second one parameter.  

In every worksheet, students are called to choose the variables to be enabled. After their choice is 
made, the variables are locked and no further changes can be made. If the students want to change 
their choice, the can press a cancellation button which allows them to choose again the desired 
variables, but the process starts over from the beginning. 

2.5 Action Categories 
In order to better understand the actions taken by the students in the simulations, we divide these 
actions (clicks) into three basic categories. The three categories are divided according to the panels of 
the simulations (Fig. 4).  

In Action Panel, students can handle the simulation (play, pause, step, reset), click on the 
phenomenon or enable some visual tools, such as vectors, forces, trajectory, etc. In Representations 
Panel, the user can either select which graphic plot to be displayed or click on the graphic plot. Finally, 
in Control Panel, the students can change the parameters of the simulation and alter the initial 
conditions of the phenomenon. There are totally six types of actions – clicks, distributed to the three 
basic categories, as mentioned above. 

 
Fig. 4: Types of Actions (Clicks) 

The types of actions are recorded by the simulation and a log file is created. Log files also contain the 
answers given to the worksheets, in order to have a complete recording of the activity. 

3 RESEARCH 
18 High School students participated to a research regarding inquiry-based simulations on horizontal 
throw. 11 of the students were male and 7 female, aged 16-17 years old, all without any previous 
experience in simulations or activities regarding control of variables. Students were asked to fill 8 
worksheets, as homework, working alone at home. Students had to open the simulation and choose 
the worksheet. Then, following the instructions, they were asked to write down and justify their 
prediction about the phenomenon, choose the methodology for solving the presented problem, select 
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the proper variables and use the simulation to gather data. Afterwards, students were asked to explain 
the data and make conclusions about the phenomenon. 

The research questions, that we were interested in, were: 

• Does the structure of the worksheet affect the actions taken by the students? 

o Does it also affect the total number of clicks per level of inquiry? 

• Can students control the variables effectively? 

4 RESULTS 
A total of 144 worksheets were completed, containing about 18900 words, which gives an average of 
131 words per worksheet, or 1050 words per student for of his worksheets. Correspondingly, in the log 
files, 3400 actions were recorded in total, an average of 24 actions per worksheet or 192 actions per 
student. 

4.1 Worksheets 
The worksheets were examined about the correctness of the given answers. Each answer was rated 
as correct, partially correct or wrong. All the answers per level of inquiry, except those at the closed 
level of inquiry, are presented in Fig. 5. As we move from “structured” to “open” level of inquiry, the 
number of correct answers in the Predict part of the worksheet decreases. This is due to the 
complexity of the problems which tend to be more difficult as the level of inquiry increases. Despite 
that, in every level of inquiry, the number of correct answers between the Predict and the Explain part 
of the worksheet increase.  

 
Fig. 5: Performance in the Worksheets per Level of Inquiry 

The worksheets were also examined about the correctness of choosing the appropriate variables 
regarding the presented problem. In Fig. 6 the results are presented.  
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014 Mistakes in choosing variables in all worksheets 
• 4 in 1st independent variable 
• 6 in 2nd independent variable 
• 4 in dependent variable 

Mistakes per level of inquiry 

Level 1st 
independent 

2nd 
independent dependent 

Closed 0 0 0 
Structured 0 0 2 

Guided 2 5 2 
Open 2 1 0 

 

Fig. 6: Mistakes Made in the Selection of the Variables per Level of Inquiry 

Students made 14 wrong choices. 4 of them were about choosing the correct Independent variable 
(variable), 6 were about the 2nd independent variable (parameter) and another 4 about the dependent 
variable (measuring variable). In the closed level of inquiry, no mistakes were made, as the 
worksheets had already pre-selected the correct variables. In the Structured level, there are one-
parameter problems. Students made 2 mistakes in selecting the dependent variable. Guided level 
includes two-parameter problems, which made students to commit more mistakes, 2 in selecting the 
1st independent parameter, 5 in selecting the 2nd independent parameter and 2 in selecting the 
dependent variable. What is important to notice is that, despite the difficulties that the students faced 
in the selection of the appropriate variables in guided level, where they faced two-parametric problems 
for the first time, in the open level of inquiry they managed the variables well, making only 3 mistakes 
in total, 2 in the selection of the 1st independent variable and one for the 2nd independent variable. 

The answers in the worksheets were also examined about the quality of the answers given. Despite 
giving a correct or wrong answer, the explanation that students give on their answers plays a critical 
role in the examination of their understanding about the phenomenon. Answers with sufficient 
justification show that students have acquire knowledge in a level that allows them not only to answer 
correctly, but also to justify that answer with facts and data from their interaction with the simulations. 
For example, in a structured level problem where mass of a ball and total time of the motion were 
examined, a student said: 

“I believe that it will take more time for the ball with the less mass to hit the ground.” 

In the question why he believed that he said: 

“At the ball with the less mass, less gravitational force is applied, so the ball has less 
acceleration.” 

Afterwards, in the guided level, the same student gave the answer below, in a problem about 
total time and air resistance: 

“I believe the motion of the ball will be affected by air resistance. If the air resistance increases, 
so does the total time of the motion of the ball.” 

In the question why he believed that, he said: 

“Air will impede the motion of the ball. In the simulation, when there was no air resistance, the 
total time of the motion was 1.34 seconds. When the air resistance factor took the value 0.5, the 
total time was 1.47 seconds, and when air resistance was 2, the total time was 1.82 seconds.” 

So, the student not only understood the relationship between air resistance and total time of the 
motion, but he also was in position to use the data he gathered from the simulation to justify his belief. 
The more students familiarize themselves with the simulations and the inquiry process, the more 
quality is embedded in their answers. 

4.2 Log-Files 
The log-files contain not only the answers in the worksheets, but the actions (clicks) taken by the 
students in the simulations, while fulfilling the worksheets. As it was expected, the total number of the 
actions taken in closed level was small, opposed to the other levels, as the closed level of inquiry has 
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the task of teaching to the students the process and familiarizing them with the simulations and the 
worksheets. In Fig. 7-10 we see the actions per type of clicks and per level of inquiry (2 worksheets 
per level). 

In Closed level, 299 actions were recorded, 142 handling actions, 140 settings, 0 on plots and 17 on 
action panel. In worksheets 1 and 2 students mostly pressed play and changed the value of the 
independent variable. So, a few actions were taken, mostly as the teacher instructed the students. 

In Structured level, 526 actions were recorded, 270 in handling actions, 235 in settings, 0 on plots and 
21 on action panel. Worksheets 3 and 4 provide detailed instructions in order to guide them, so 
students mostly follow the instructions. This is the reason that the type of actions taken in these 
worksheets are similar to the ones in closed level, but with an increment in the total number of the 
actions, as these worksheets have more complex problems than the previous ones. 

In Guided level, 1224 actions were recorded, 499 handling actions, 660 settings, 11 on plots and 54 
on action panel. Worksheets 5 and 6 introduce two-parameter problems for the first time, with the help 
being reduced. This means that the students have to make more settings and for the first time actions 
in settings overcome actions in handling. The complexity of the problems forces students to try new 
actions, such on clicks on graphic plots, in order to help them come to the solution. 

In Open level, 1351 actions were recorded, 373 handling actions, 388 settings, 436 on plots and 154 
on action panel. Worksheets 7 and 8 were two-parameter problems with minimum to none guidance. 
Students, despite taking more actions than in the Guided level, have fewer clicks in handling and 
settings and far more clicks on plots and on action panel, compared with the previous levels of inquiry. 

 
Fig. 7: Number of Actions Taken per Type of Actions in Closed Level of Inquiry 
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Fig. 8: Number of Actions Taken per Type of Actions in Structured Level of Inquiry 

 
Fig. 9: Number of Actions Taken per Type of Actions in Guided Level of Inquiry 
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Fig. 10: Number of Actions Taken per Type of Actions in Open Level of Inquiry 

5 CONCLUSIONS 
In first sight, we notice that the structure of the worksheet (level of inquiry) does affect the actions 
taken by the students. The closed level worksheets restrict students’ actions into a few clicks of 
specific type. Moving to the next levels of inquiry, and as the problems get more complex, the number 
of clicks increases, in total and in every category individually. More types of actions are added to the 
last levels of inquiry; students are using actions which require higher cognitive level of thinking. 

Scaffolding on the actions shows that the actions that are imposed at the first levels of inquiry are 
used by the students at the next levels. This is what the activity theory describes as the transformation 
of an action to operation [31].  

What is noticed by the analysis of the log files is that, at the first worksheets, when students try to 
collect data, they test all the available values of a variable (variables are given in the form of sliders 
with upper and lower limit). Later, they understand that there is no need to test all the values, but the 
ones in the “area of interest”. Students develop a technique of finding the area in which they must 
seek for the solution. 

As for the variable control, our research shows that the students, initially had difficulty to select the 
correct variables, especially when they first encountered two-parameter problems. The most false 
choices were made at the selection of the second independent variable. Through the activities and 
with the appropriate scaffolding, the students were able to understand the strategy of variable control. 

As we move from closed to open level of inquiry and the problems become more complex, students 
realize that they need multiple ways to search for the solution. This fact forces them to use more 
elements of the simulations and confirm their findings with more than one way. This is reflected at the 
number and the type of actions that the students perform in the simulations in the different levels of 
inquiry. 

The quality of the given answers in the worksheets is increasing from closed to open level of inquiry. 
Students understand how to use the data they extract from the simulations and make conclusions, 
which they try to prove with this data. This means that the students understand the significance of the 
extracted data and how important is to use it in order to support your conclusions. 

This research showed that students, with the necessary help and the escalation of the complexity of 
the phenomena, are in position to develop a strategy of controlling the variables and determine the 
relationship between key variables. Students also developed additional important conceptual and 
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procedural skills, such as controlling the simulations, problem solving, designing procedures to acquire 
data, analyzing data and explaining their findings in more scientific ways. 
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