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Abstract 
The constant development of information technology expands access to new content in the sciences 
and engineering. As the complexity of the issues we want to learn grows, the cost of getting of 
learning by doing is usually increases. It seems that the cost of teaching and learning can be 
expressed by: the financial outlays required to construct the research station, the size of area in which 
the research station will be located, the time needed to prepare, conduct and reconstruct the 
conditions for the experiment, and the time needed to acquire and understand all basic concepts of 
new issues. In the paper, the authors present the use of 3D visualisation and simulation technology to 
reduce the mentioned costs and consequently increase the availability of complex science and 
engineering content. 

The authors also took into account the fact that virtual simulation environments provide the ability to 
independent define the purpose of the experiment. As a result, each participant can not only gain 
knowledge from top-down scenarios, but can also gain insights into the behaviour of objects in 
a simulation environment. The experimental problem described in this article was concerned with the 
study of the behaviour of a collection of moving virtual robots. This problem is directly related to the 
so-called collective programming of objects that communicate each other in order to solve problems. 

This article describes the design of the simulation environment based on the Unity graphics engine. 
The project assumed a modification of the standard graphic engine interface and making it more 
accessible to people not familiar with information technology. In addition, the article presents 
examples of prepared experiment scenarios and selected results of student experiments and the 
results they achieved.  
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1 INTRODUCTION 
The development of a variety of computer technologies has also contributed to the change in the 
teaching process. It is now possible to use many technologies in virtual space [1], e.g. asynchronous 
distance learning – e-learning [2], the use of serious games concept [3] automated motivation 
methods – gamification [4, 5, 6] and the ability to present complex processes and concepts at a high 
level of abstraction by creating mathematical and physical models embedded in a controlled 3D 
environment – computer simulation [7, 8].  

The expansion of information technology, including in the teaching process, necessitates learning new 
languages, frameworks, and libraries, using their own syntax and typically designed for specialised 
purposes. At the same time most new technologies are based on already defined paradigms. This 
means that the general knowledge of the way IT tools operate (procedural knowledge) is more 
permanent and consistent than knowledge of how to use specific tools (declarative knowledge). 
According to the authors, procedural education will play an important role in educating future IT 
experts. The inquiry-based learning method (IBLM) proposed in this article is an example of 
procedural learning.  

The study described in this article is concerned with the effectiveness of simulated experiments as 
a method for imparting expertise, in this case based on the simulations of collective behaviour of 
objects in 3D space.  

So far, research conducted by the authors [8] has found that the presentation of complex physical 
problems described by adequate mathematical models aimed at trajectory optimisation, the time of the 
transition process of virtual robots in the form of controlled computer simulation is verified.  
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The new survey research is a continuation of the first experiment [8]. This research was meant to  
determine whether the form of task assignment, by increasing the students' didactic role by choosing 
the order of task performance could have an impact on the improvement of the method using 
computer simulations. The aim of the study is to compare the effectiveness of traditional teaching by 
applying the learning-by-doing method (LBDM) with the inquiry-based learning method. In addition, it 
has been verified whether the presentation layer, the look of the graphical interface, has an impact on 
the formation of the barrier to entry into a new issue for those who have never had a chance to try the 
Unity software. 

2 INQUIRY-BASED LEARNING METHOD  
The inquiry-based learning method (IBLM) differs from traditional teaching in that it gives students 
a greater role in the learning process in the following areas: 

− thematic scope – self-determination of the research problem,  
− order of the topics studied, 
− way of accomplishing the task, 
− selection of the verification criteria of task correctness. 

This method was first described by Jerome Bruner in 1960 [9] as a manifestation of the traditional 
forms of instructing students, who merely memorised information from the instructions given. Bruner 
describes it as "the way that it is reassembled to add new insights" [10].  

This method was developed by Tafoya [11], offering four levels of inquiry: Level 4 – Open inquiry, 
Level 3 – Guided inquiry, Level 2 – Structured inquiry, Level 1 – Confirmation/verification. At each 
level he identified 3 categories: Problem, Procedure, Solution. At level 4, the responsibility lies entirely 
with the student; at the subsequent levels, the responsibility is partly passed on to the tutor, to be 
taken over completely at level 1. Another approach to detailing the IBLM method is presented in [12], 
which presents a process of self-evolved looping.  

According to report [13], the IBLM method has so far been used sporadically in the teaching process 
at the university level in the areas of humanities, social and natural-physical sciences. This method 
was not used in the teaching of technical and IT subjects. Paper [14] presents a multidimensional 
comparison (in terms of history, principle, instructional procedure and outcomes) of the IBLM method 
with a set of methods included in Problem Based Learning Methods. 

A simplified scheme of traditional learning-by-doing method (LBDM) commonly used in the teaching 
process in higher education is shown in Figure 1.  

In the learning-by-doing method the student is asked to perform computer simulations according to the 
research scenarios prepared beforehand by the teacher conducting the class. The teacher provides 
a research object (in the form of a simulation project), a simulation environment (configured Unity 
software), research methods (set of scenarios, procedure, variation ranges of the simulation process 
variables) and a set of evaluation criteria. Students are outside the area of constructing the research 
process. A simplified inquiry-based learning method is shown in Figure 2.  

 
Fig. 1. Scheme of the learning-by-doing method (LBDM) (own work). 
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Fig. 2. Scheme of the inquiry-based learning method (IBLM) (own work). 

In this method proposed by the authors, students were included in the research and teaching process. 
Compared to the learning-by-doing method, the student has the ability to define his or her own 
research methods and subset of assessment criteria. Out of the set of research scenarios prepared by 
the teacher, the student chooses an interesting subset. Similarly, it is possible to choose a subset of 
the evaluation criteria from the proposal presented by the class teacher. Students also decide at which 
point to break the learning process, recognising that they had mastered the material and took the test.  

In tests using the LBDM, questions posed directly to students concerned the role of each of the 
simulation parameters. In studies using the IBLM, the questions were of an exploratory, abstract 
nature and did not provide a way to achieve the goal. Getting to the solution required a prior 
understanding of the question, as is the case with reading logograms that do not impose order of 
reading (content is passed by shape). Suggestions presented to students in IBLM research enabled 
them to independently select the activities of the research process and the order in which they were 
taken.  

In the research process the authors made a distinction between students who participated in the 
LBDM and had previous experience of simulation programs and students who took no part in this and 
did not use simulation programs such as Unity. 

3 DESCRIPTION OF THE RESEARCH METHODOLOGY    

3.1 Simulation of virtual robot behaviour in Unity environment    
The subject of the simulation was the recognition of the boundary values of the parameters included in 
the algorithm for the description of members of a flock (flocking algorithm).  

For the presentation of the principle of action of swarming behaviour, the authors selected the Unity 
program. This is a free (for educational and non-commercial use) integrated environment for creating 
3D and 2D games, simulations, presentations and visualisations. It enables the production of desktop 
applications, web applications, and applications for specific platforms (game consoles including 
Microsoft Xbox 360) and operating systems (including Windows and Linux). Its equipment includes: 

• integrated script interpreter based on the UnityScript, C#, JavaScript and Boo languages – this 
allows for a great deal of freedom in creating control algorithms through a variety of 
development teams, 

• rich graphical interface, providing the ability to continuously visualise the course of simulations. 
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3.2 Implementation description of the inquiry-based learning method 

3.2.1 Unity environment  
For the purposes of testing the IBLM method, modifications were made to the graphical interface of 
the Unity environment, Figure 3. 

 
Fig. 3. Interfaces comparison: A) stock interface, B) modified interface (own work). 

3.2.2 Decomposition and reconfiguration  

For the inquiry-based learning method a decomposition of the test method described in [8] was 
performed. Changes related to the content of tasks, their number and order of their implementation. 

Sample questions for students in pilot studies according to the learning-by-doing method [8]: 

− determine the effect of the value of the Separation parameter on the simulation run, 
− determine the effect of the value of the Convergence parameter on the simulation run, 
− determine the effect of the value of the Cohesion parameter on the simulation run, 
− determine the effect of zeroing the value of one or more parameters on the simulation run. 

Sample questions suggested to students to consider using the inquiry-based learning method [8]: 

• how to modify the simulation parameters so that the objects in the swarm begin to move "one by 
one"? 

• how to modify the simulation parameters so that the movement of objects is more similar to the 
movement of bacteria (chaotic, rapid change of direction of movement)? 

• is it possible to determine the simulation parameters in such a way that only part of the objects 
of the flock reach the destination? 
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Table 1.  Research types description. 

Feature  Research based on LBDM Research based on IBLM 

Study topic • Presentation of the principle of operation 
of the flocking algorithm in the Unity 
simulation program 

• Presentation of the principle of operation 
of the flocking algorithm in the Unity 
simulation program 

Appearance of the 
simulation 
environment 

• Default interface appearance • The program interface contains only 
significant elements from the perspective 
of the simulation project 

• The interface has descriptions in Polish 

Questions asked by 
the teacher 

• Determining the influence of the 
parameter values on the simulation run 

• Determining the conditions that favour the 
situation 

Student role • Finding answers to questions asked by 
the teacher 

• Getting to know the nature of the 
phenomenon by searching for answers to 
questions developed on one’s own 

Time frame • Specified time frames (up to 70 min.) • Unspecified time frame 

Assumed effect • Creation of knowledge to understand the 
significance of the features of the 
phenomenon studied 

• Creating one’s own tasks 

• Creation of knowledge on the basis of 
self-collected evidence, conclusions 

The questionnaire was used to determine the extent of knowledge acquisition in the use of Unity 
environment and algorithms to control the behaviour of virtual robots. Sample questions in the survey 
and possible answers are presented in Table 2. 

Table 2.  Examples of questions and answers. 

Questions Answers 

Have you previously run simulations using Unity  
or other similar software? No/Yes 

Do you see the role of cohesion vector in shaping the 
swarm/flock behaviour? No/Yes 

Did any of the elements of the exercise have  
a problem and prevent you from getting acquainted with 
the subject matter of the simulation? 
Choose the most suitable answer. 

• The service was a great barrier 

• The subject is too complex in its entirety 

• The service is too complicated 

• The service and the topic are properly  
chosen for the exercises 

4 RESEARCH AND RESULTS 
The study was conducted on a group of 134 students aged 19-25 (students from the 1st year of 
undergraduate/engineering studies to the final semester of master's degree studies). There were 99 
students who studied ‘Computer Science’ at the Lublin Universty of Technology (PL) and 35 students 
came from the Maria Curie-Skłodowska University (UMCS) in Lublin where studied ‘Digital 
technologies in culture animation’. So students of both faculties were familiar with IT problems, but 
they were focused on different competences and areas of digital technology. The tests were run in 
groups of about 15 people. Each student was assigned to an individual computer station. Groups of 
participants were randomly selected, which to some extent prevented the transmission of information 
between groups and participants. The tests were as follows: execution of the experiment at the 
simulator station, followed by completion of the knowledge acquisition questionnaire. 

The experimenter measured the student's time at the computer desk and recorded it in a special form 
and conducted an interview with him. The results are presented in Figure 4 and 5. 
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Fig. 4. Results of measuring the duration (in minutes) of the experiments performed by the PL students, 

taking into account extreme values (own work). 

 
Fig. 5. Results of measuring the duration (in minutes) of the experiments conducted by UMCS students, 

taking into account extreme values (own work). 

Based on the collected measurements (Figures 4 and 5) it was found that the time of task 
performance by the students did not differ significantly. This applies to both experienced and 
inexperienced students participating in LBDM and IBLM research, as well as PL and UMCS students.  

For research using IBLM, the authors prepared a modified version of the simulation project. The 
changes introduced included modifications to the counting of obstacles in the way of swarms, the to 
the distance between the starting point and the final swarm, and to the motion algorithm of the swarm 
objects improving the vector of object orientation relative to the direction of movement. A few words 
about the current simulation, 2 different situations. 

 
Fig. 6. Comparison of the simulation project versions: A) original B) modified (own work). 
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The level of understanding of the new message was measured by counting the affirmative answers 
(Yes) to the five substantive detailed questions about perceiving the role of individual interaction 
vectors between a swarm objects and other simulation parameters. Tables 3 to 7 show the 
quantitative and percentage results in the content questions, taking into account the student 
distribution by university, according to the following schemes: value measured for all students (value 
measured for PL students / value measured for UMCS students).  

Table 3.  Comparing the types and number of answers given to the first substantive question 

Can you notice the difference in the impact of individual parameters and their values on the overall simulation? 

 Research based on LBDM Research based on IBLM 

Q
ua

nt
ita

-
tiv

e 
da

ta
 

students group inexperienced 
students 

experienced 
students 

inexperienced 
students 

experienced 
students 

Answer ‘yes’ 27 (15/12) 10 (9/1) 60 (48/12) 28 (23/5) 
Answer ‘no’ 5 (1/4) 0 (0/0) 2 (1/1) 1 (1/0) 

Pe
rc

en
-

ta
ge

 d
at

a students group inexperienced 
students 

experienced 
students 

inexperienced 
students 

experienced 
students 

Answer ‘yes’ 64 (60/71) 24 (36/6) 66 (66/67) 31 (32/28) 
Answer ‘no’ 12 (4/24) 0 (0/0) 2 (1/6) 1 (1/0) 

Table 4.  Comparing the types and number of answers given to the second substantive question 

Can you see the part of separation vector in the swarm/flock behaviour? 
 Research based on LBDM Research based on IBLM 

Q
ua

nt
ita

-
tiv

e 
da

ta
 

students group inexperienced 
students 

experienced 
students 

inexperienced 
students 

experienced 
students 

Answer ‘yes’ 28 (16/12) 7 (7/0) 55 (43/12) 27 (22/5) 
Answer ‘no’ 4 (0/4) 3 (2/1) 7 (6/1) 2 (2/0) 

Pe
rc

en
-

ta
ge

 d
at

a students group inexperienced 
students 

experienced 
students 

inexperienced 
students 

experienced 
students 

Answer ‘yes’ 67 (64/71) 17 (28/0) 60 (59/67) 30 (30/28) 
Answer ‘no’ 10 (0/24) 7 (8/6) 8 (8/6) 2 (3/0) 

Table 5.  Comparing the types and number of answers given to the third substantive question 

Can you see the role of alignment vector in the swarm/flock behaviour? 
 Research based on LBDM Research based on IBLM 

Q
ua

nt
ita

-
tiv

e 
da

ta
 

students group inexperienced 
students 

experienced 
students 

inexperienced 
students 

experienced 
students 

Answer ‘yes’ 22 (15/7) 9 (8/1) 45 (38/7) 27 (23/4) 
Answer ‘no’ 10 (1/9) 1 (1/0) 17 (11/6) 2 (1/1) 

Pe
rc

en
ta

g
e 

da
ta

 students group inexperienced 
students 

experienced 
students 

inexperienced 
students 

experienced 
students 

Answer ‘yes’ 52 (60/41) 21 (32/6) 49 (52/39) 30 (32/22) 
Answer ‘no’ 24 (4/53) 2 (4/0) 19 (15/33) 2 (1/6) 
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Table 6.   Comparing the types and number of answers given to the fourth substantive question 

Can you see the role of cohesion vector in the swarm/flock behaviour? 

 Research based on LBDM Research based on IBLM 

Q
ua

nt
ita

-
tiv

e 
da

ta
 

students group inexperienced 
students 

experienced 
students 

inexperienced 
students 

experienced 
students 

Answer ‘yes’ 26 (15/11) 9 (8/1) 58 (48/10) 27 (22/5) 

Answer ‘no’ 6 (1/5) 1 (1/0) 4 (1/3) 2 (2/0) 

P
er

ce
nt

ag
e 

da
ta

 students group inexperienced 
students 

experienced 
students 

inexperienced 
students 

experienced 
students 

Answer ‘yes’ 62 (60/65) 21 (32/6) 64 (66/56) 30 (30/28) 

Answer ‘no’ 14 (4/29) 2 (4/0) 4 (1/17) 2 (3/0) 

Figure 7. shows a summary of the measurement of the level of assimilation of new knowledge in 
relation to the number of affirmative replies to questions about content. 

 
Fig. 7. Collective results of the experiment (own work). 

Most of the percentage results of LUT and MSCU students are similar, which may mean that the 
profile of students' education (technical and interdisciplinary, humanities and computer science) does 
not have to influence the pace and extent of material acquisition.  
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Table 7.   Comparing the types and number of answers given to the fifth substantive question  

Can you see the impact of other parameters on the swarm/flock behaviour? 
 Research based on LBDM Research based on IBLM 

Q
ua

nt
ita

-
tiv

e 
da

ta
 

students group inexperienced 
students 

experienced 
students 

inexperienced 
students 

experienced 
students 

Answer ‘yes’ 23 (11/12) 7 (7/0) 50 (41/9) 25 (21/4) 
Answer ‘no’ 9 (5/4) 3 (2/1) 12 (8/4) 4 (3/1) 

Pe
rc

en
-

ta
ge

 d
at

a students group inexperienced 
students 

experienced 
students 

inexperienced 
students 

experienced 
students 

Answer ‘yes’ 55 (44/71) 17 (28/0) 55 (56/50) 27 (29/22) 
Answer ‘no’ 21 (20/24) 7 (8/6) 13 (11/22) 4 (4/6) 

Base on the interview with the students, it was found that those who had not performed any 
simulations found that both projects (original and modified) were equally difficult to handle, while those 
who had already experienced simulations did not recognise the modifications as an advantage. It 
turned out that each person who had used Unity before, introduced their own modifications to the 
interface during the study, claiming that "they are already accustomed to their own fixed format of 
content presentation".  

5 CONCLUSIONS 
The research shows that the inquiry-based learning method did not affect the minimisation of learning 
time. Quite often students extended the duration of their simulation sessions to test their own 
hypotheses that had developed during their basic experiments. 

The authors found that the change in the form of the presentation of the simulation, taking into account 
the changes in the interface appearance, did not significantly influence the level of understanding of 
the operation principles of algorithms controlling the behaviour of the individual objects forming the 
swarm.  

Based on the surveys conducted by IBLM, it was found that this type of freedom allowed students to 
become aware of the movement of objects in a way that best suits their preferences. 

It was also found that giving more decision-making power in the area of work pace, choice of tools and 
the way to reach solutions helped to better understand the issue discussed to those who had no prior 
experience with simulation software. 
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