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ABSTRACT 

The paper provides a support in the definition of COVID-

19 protocols in order to allow the safe re-opening of an 

educational building. It also derives a reusable approach 

extendable to other building typologies. The integrated 

adoption of multiple simulation-oriented technologies is 

investigated. A case study is considered, where crowd 

simulation, agent-based simulation and communication 

tools have been integrated with a hybrid approach. By 

means of computer games, the adoption of which is within 

the scope of this paper, end-users can experience school 

use processes within a virtual environment (1) contrib-

uting to the realism of the simulation and (2) obtaining 

useful information regarding the protocols in force to re-

duce COVID-19 risks. 

INTRODUCTION 

The pandemic emergency due to SARS-CoV-2 has 

made occupancy and behaviour analyses a crucial topic of 

the international research on building performance. Edu-

cational buildings are among the most impacted ones by 

the coronavirus pandemic, with distance learning provid-

ing only a palliative solution to the education necessities 

of students. The paper describes a case study where crowd 

simulation, agent-based simulation and communication 

tools (i.e., training videos, interactive mini-games, videos 

and formative survey) have been integrated with a hybrid 

approach in order to train end-users for a safe return to 

school.  Moreover, potentially critical behaviours of stu-

dents have been identified and new rules have been im-

posed to minimise the risk of spreading COVID-19. 

The SARS-CoV-2 effect in teaching and learning ac-

tivities 

The COVID-19 pandemic has had a strong impact on 

teaching and learning activities. In Italy, for example, the 

critical situation forced Italian schools to close from Feb-

ruary 2020 to September 2020, changing the teaching 

methodology from face-to-face to distance learning. Pre-

vious studies show that the COVID-19 crisis, as well as 

the measures taken to contain the pandemic curve, had af-

fected student learning and children's performance with 

short- and long-term effects, negatively impacting on 

skills acquisition (Di Pietro et al., 2020). For these rea-

sons, during lockdown months, analyses have been per-

formed in order to reorganise school activities and use 

scenarios with the aim to allow face-to-face teaching from 

September 2020. 

Within such a context, the Italian government developed 

protocols to allow school re-opening ensuring COVID-19 

containing, which include: 

• social distancing in both circulation paths and 

learning spaces of educational buildings; 

• mask wearing in circulation paths; 

• body temperature checking before school access 

through thermo-scanner (37.5°C is the maximum 

temperature allowed); 

• frequent hands disinfection with a hydro-alcoholic 

solution and washing; 

• micro-community organisation and segmentation; 

• regular and adequate room ventilation. 

 

In addition to the protocols issued by the Italian gov-

ernment, two guidelines have been also issued by the so-

called Technical Scientific Committee (CTS). These tech-

nical documents indicate the behavioural rules that end-

users, teachers and students in particular, have to follow 

in learning spaces. Particularly, the protocols contain 

rules regarding interpersonal distances and maximum 

number of people allowed in classrooms and in circulation 

paths. 

The first guideline was published in May 2020 (Offi-

cial Report, n.82, 2020) and determined that at least 1 me-

ter of interpersonal distance must be respected between 

end-users, both sitting at school desks or in circulation 

paths (i.e., dynamic meter). The second protocol was re-

leased in July 2020 (Official Report, n.94, 2020), with the 

aim to facilitate school directors to guarantee in-presence 

teaching activities and determine the observance of 1 me-

ter of interpersonal distance in classrooms (i.e., static me-

ter). Nevertheless, both technical documents establish that 

students over six years old must wear face masks for 

movements among circulation paths. 

Simulations of end-users’ activities in a virtual envi-

ronment 

In the last years, crowd simulation technology has 

been more and more adopted in the design phase in order 

to predict occupancy of indoor spaces. In the Architecture, 

Engineering, Construction and Operation (AECO) field, 
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this approach is often used to analyse pedestrian move-

ment inside extensive buildings (i.e., stations, shopping 

malls, airports) (Sung et al., 2004 and Lovreglio et al., 

2018). Nevertheless, some research has applied crowd 

simulation in other building typology, such as educational 

facilities (Mastrolembo Ventura et al., 2016). On the other 

hand, educational facilities imply the analysis of more 

structured use processes than other building typologies. In 

this context the Agent Based Modeling limits emerge. 

Moreover, the need of reaching high levels of realism of 

simulated phenomena has led, in the last 10 years, to hy-

brid systems that integrate agents (BOTs), multiple play-

ers (avatars) and smart narratives, frequently supported by 

agents progressive training using reinforcement learning 

techniques (Taylor et al., 2014). 

Although the application of crowd simulation to pan-

demics control strategies is quite unexplored, there are 

some primitive studies that analyse the required steps in 

order to secure to safe re-opening schools (Comai et al., 

2020) and some useful pre-pandemic research dealing 

with aspects that are relevant for epidemics and related 

risk assessment, such as social distancing and exposure 

time (Harweget al., 2020). 

In the presented research these simulation technologies 

have been integrated with additional digital technologies 

in order to create a communication environment where 

children can be involved effectively in order to be trained 

about in-force protocols. These communications have 

been important considering risk assessment, and therefore 

perception, is influenced by numerous individual, social, 

cultural and contextual factors (Cori et al., 2020). In the 

last decade, technology education has been established as 

a new approach for all stages of education, in particular to 

children and teenager. Computer games are an effective 

and highly motivational educational tool that has proved 

to be capable of changing users’ attitudes and raising 

awareness in a great variety of field, including healthy 

lifestyle promotion (DeSmet et al., 2014), pro-social be-

haviors (Calvo-Morata et al., 2020) and also for teaching 

hygiene principles (Kostkova et al., 2010). Game princi-

ples are also useful for everyday activities, planning, and 

organising tasks in a playful way (Szabo et al., 2020). 

Content of the paper 

The research work described in this paper has been de-

veloped adopting an existing school building, located in 

Milan (Italy) as a case study (Comai et al., 2020). The se-

lected building accommodates students from 2-to-10 

years old and consists of three floors above ground and 

one semi-basement. In the semi-basement the kitchen and 

the canteen are located; the ground floor comprises com-

mon spaces such as the atrium and the gymnasium, the 

nursery classrooms (4-5 years old children) and the kin-

dergarten classroom (2-3 years old children). In the first 

floor it is located the nursery room for 3 years old chil-

dren, while the second floor contains the classrooms of 

the primary school (6-10 years old students).  

In order to narrow the scope of the research down, a 

target group (i.e, 6-to-10-year-old students) has been con-

sidered. Training videos and interactive games based on 

crowd and agent-based simulations have been prepared to 

support the re-opening process, with the aim to analyse 

the targeted end-users’ distribution flows in circulation 

paths (i.e., atrium and corridors). The main objective of 

adopting simulation-based computer games as communi-

cation tools has been to develop and promote the correct 

behaviours among end-users in order to train them in fol-

lowing the COVID-19 protocols in force and to avoid crit-

ical situations of overcrowding. 

The continuous collaboration with the school director, 

the teaching staff and Occupation Medicine made it pos-

sible to understand the real problems that might have af-

fected the application of COVID-19 protocols and to pro-

pose effective solutions. In this context, this document 

mainly presents the last phase of the research, namely the 

different types of communication tool for promoting a 

correct and safe behaviour. 

RESEARCH METHODOLOGY 

The presented research work has been developed in 

the last months with the clear intent of providing support 

in the definition of COVID-19 protocols to a real case 

study and contemporarily derive a replicable approach ap-

propriate for other schools but also extendable to other 

building typologies. 

Figure 1: Research phases 



Four different phases can be identified in the organi-

sation of the research (Figure 1): 

• creation of the building information model: this 

preliminary phase includes the development of 

the school building parametric model;  

• simulation phases: in this phase preliminary 

crowd simulations have been developed to cali-

brate the intended use scenarios and agent-based 

simulation have been adopted to assess the be-

haviour of single students; 

• children behaviour: analysis and identification of 

dynamic behaviour; 

• communication tools: in this phase new digital 

technologies have been used for effective com-

munication of the simulated use processes to the 

targeted end-users. Training videos, interactive 

mini-games and a formative survey have been 

generated to communicate COVID-19 proto-

cols’ rules to teachers, students and their fami-

lies. 

The exchange files took place in a traditional way us-

ing email and a cloud environment. 

The first step was essential to know the state of the art 

of the school building and to carry out preliminary anal-

yses related to the available learning and circulation 

spaces. Once the building information model was created 

(Comai at al., 2020), each floor was exported in the IFC 

neutral data format in order to be used as a basis for crowd 

and agent-based simulation as well as for the development 

of training videos and mini-games. 

Creation of the building information model 

The first methodological step involved data collection 

concerning the state of the art of the school building. The 

school director provided the research team plants and el-

evations of the building in a .dwg format. Moreover, in 

order to acquire a three-dimensional geometry and georef-

erenced photographic documentation, an innovative 

Heron mapping system was used through an indoor Mo-

bile Mapping Survey (iMMS). A 3D point cloud model 

was generated and used for the extraction of measures that 

would not be available otherwise based on the 2D docu-

mentation originally provided by the school director (Fig-

ure 2). 

 

Figure 2. 3D point cloud model of main elevation of the school 

Subsequently, a three-dimensional parametric model was 

manually generated by using the Autodesk Revit BIM au-

thoring platform. The model was then used as a basis for 

analysing classrooms’ functionality (e.g., maximum num-

ber of students allowed in each classroom) and for devel-

oping use processes’ simulations in circulation paths in 

compliance with the COVID-19 protocols in-force at the 

time of the case study’s development. 

Simulation phases 

In order to support the re-opening process, tools for 

the simulation of people flows have been developed at 

both crowd and agent-based levels. These simulations 

(Figure 3) describe children movements in a collective 

scenario. In particular: 

(1) for students of all three levels of education, en-

trance and exit processes from the building have 

been studied; 

(2) for primary school students, who are within the 

scope of this paper, also the lunch break move-

ments have been considered in the simulations.  

These analyses allowed the research team to calculate the 

maximum number of students acceptable inside the build-

ing for a specific activity according to the COVID-19 pro-

tocols. Additionally, these data were used to organise 

school timetables for students’ entrance and exit from the 

building considering the need to guarantee a minimum in-

terpersonal distance. 

 

Figura 3. Simulation in the collective scenario 



Oasys MassMotion has been adopted as crowd simu-

lation tool. In order to obtain a more realistic crowd sim-

ulation, the software settings have been implemented with 

real movements speed of children (m/s) and with the me-

ter of interpersonal distancing imposed by the national 

CTS. To allow users’ safety during entrance and exit 

phases, the large atrium of the school has been divided in 

different zones (Figure 4). The first area is in proximity to 

the building entrance and hosts the thermo-scanner check-

point. In this zone, the body temperature of each student 

is measured, allowing his/her entrance to the schools only 

if it results lower than 37.5°C. The next zone, a few meters 

away from the previous one, is equipped with an appro-

priate hand disinfection dispenser.   

The remaining space in the atrium is divided into two 

additional zones called “waiting” and “circulation” areas. 

These areas facilitate the organisation of students in 

groups and allow the coexistence of children of different 

educational levels:  

• in the central part of the atrium, five play areas 

for the nursey students;  

• three zones have been selected to facilitate the 

organisation of primary school students during 

entrance/exits flows; 

• circulation paths link the previous areas. 

In each zone, primary school students, teachers and all 

the end-users with an age greater than 6 years old must 

wear a mask and maintain social distancing. 

 

Figure 4. The atrium organisation in zones  

In order to reach a higher level of accuracy of the sim-

ulation and of the related emerging use phenomena, it has 

been chosen to implement a behavioural simulation model 

within a game engine (Unity3D). In this environment it is 

possible to integrate (Figure 5): 

• the building information model of the educa-

tional facility, including furniture and COVID-

19-related equipment; 

• agents (BOT) representing end-users involved in 

the use process; 

• a process controller able to coordinate agents’ 

behaviour to improve adherence to the evaluated 

scenario; 

• characters directly controlled by real users (ava-

tars), with a dedicated first-shooting interface. 

 

 

 
Figure 5. The behavioural simulation of school use as simu-

lated in Unity3D 

This integration allows simulating more complex be-

haviours and interaction among agents than crowd simu-

lation, while the process controller assesses the status of 

the system and steer behaviours accordingly to objectives 

and activities of the intended use scenario. 

By means of a simplified user interface, it is also possible 

to involve real users in the simulation/serious game, and 

to allow them to move within the school, interact with 

agents and other avatars, and receive suggestions and ob-

jectives from the process controller. The direct involve-

ment of real users, in particular children and teachers, al-

lows to improve the level of realism of the simulation. In 

this way, introducing decisions, movements and actions 

taken by the player are introduced; moreover, it helps the 

understanding of the protocols and measures adopted for 

COVID-19 risk reduction because it provides preliminary 

training. 

 

Children behaviour 

After the simulation phase, there was a need to train 

users to avoid critical behaviours within the school. The 

cooperation with Occupational Medicine has been the 

crucial point in order to identify critical behaviours. The 

typical day was divided into four phases in order to map 

the related use processes: entrance/exit, lesson’s time, 

break time and lunch break. In each phase, behaviours that 

usually occur in the schools have been analysed and se-

lected according to the potential risk of transmission of 

the infection. Instructions have been identified for each 



potentially dangerous behaviour according to contain-

ment measures of COVID-19. 

Beyond social distancing and frequent hygiene prac-

tice as hands sanitising after sneezing or coughing, the fo-

cus has been on behaviours that, in normal situations, peo-

ple instinctively do. This paper will focus on two situa-

tions, presenting their problem and the resolution of it. (1) 

One of the most common situations in the classroom is the 

sharing of stationery materials (pencils, erasers), for this 

reason it is necessary for teachers to slavishly control the 

students. Each class must have a common box, under the 

control of the teacher, containing writing materials to sup-

port children needs. Once an object from the box has been 

used, it must be placed in a second box which will be san-

itized at the end of the day. Whereas, if the sharing of ma-

terial took place between two students, the teacher is re-

quired to disinfect the hands of the children involved and 

disinfect the shared object. (2) Another common situation 

is helping children to put on coats, zipping up or tie their 

shoes. In this case, the people involved must wear masks 

and must disinfect their hands before and after helping.  

Each potentially dangerous behaviour has been re-

ported in a table. The problem and the resolution were de-

scribed and it has been identified at what phase of the 

school day it could occur. In Figure 6, the conceptual 

framework created to have an overview of the situation is 

shown. 

 

Figure 6. A conceptual framework of potentially dangerous be-

haviour 

Communication tools 

The use of new communication technologies (training 

video, interactive game) in childhood education is becom-

ing more and more relevant. Moreover, the COVID-19 

emergency has pushed the use of new digital methods 

(Figure 7). These new digital technologies help to build 

effective communication environments, in fact, they stim-

ulate the child’s curiosity and make him have fun (Ar 

Rosyid  et al., 2018)). With the authorisation of the school 

director, it was decided to produce training videos and in-

teractive mini-games to communicate new rules of con-

duct to be followed to return to school safely, which are 

the results of the simulations previously described. Fur-

thermore, a critical situation questionnaire was created to 

convey information on specific behaviours.  

 

Figure 7. Communication tools and their use 

In order to support primary and nursery students to 

come back to “in-presence” teaching activities, two train-

ing videos typology were generated. These videos were 

composed by different media contents, which comprise 

simulations of correct behaviours to maintained in collec-

tive scenarios showing the new identified circulation 

paths to avoid over-crowded conditions (Figure 8). Addi-

tionally, these videos were integrated with formative sign, 

indicating the appropriate conduct to maintain inside and 

outside the school. Considering the different capabilities 

between primary students and nursery users, different us-

ers’ group were targeted with dedicated videos (Figure 9). 

These communication method was chosen because read-

ing and viewing images accompanied by a voice guidance 

creates a stimulating context for the child's learning. In 

addition, the COVID-19 emergency has forced schools to 

use new digital methods by promoting tools that are com-

monly already used normal in other fields. 

 Finally, these videos were accompanied by a voiceo-

ver recording which explains, with friendly and engaging 

rhymes the new behavioural rules. 

 

 
Figure 8. Screenshot of the simulation on the circulation paths 



 

Figure 9. Educational images. Left: sign for nursery users; 

Right: sign for primary students 

The second communication tool developed are inter-

active mini games. They teach children the importance of 

rules to minimize the risk of COVID-19 spreading and 

teach the procedures to be adopted for returning to school. 

Each game is presented through explanatory illustrations 

and captions. Moreover, between one game and another, 

illustrated screens were developed to present situations 

which take place in a typical day.  

 

Mini-games have been developed regarding the proce-

dures to be performed before going to school and before 

entering the school building. Below are the three phases 

analysed: 

● backpack preparation; 

● use of thermo-scanner at the school entrance; 

● hands sanitizing at the entrance. 

 

When entering the game, the first choice that the player is 

required to make is the choice of the student profile. Sub-

sequently, the first step to comply, while there are still at 

home, is to measure their body temperature which has to 

be under 37.5 °C. Next, the gamer has to prepare the back-

pack, then a backpack and objects around it appear on the 

screen. The player must drag and drop the object into the 

space provided. When the gamer selects the object and 

place it inside the backpack, a congratulatory exclamation 

and an explanation of why it is important not to forget the 

object appears on the screen.  (e.g, ‘Good job! Wearing 

the mask is important to protect yourself from the virus’) 

(Figure 10).  

 

 
Figure 10. Backpack preparation game 

The game continues following the child in path from 

home to school. In this case the instructions emphasize the 

importance of respecting social distancing on the side-

walk at the school entrance. Upon entering the school 

building two games appear, the first one requires the child 

to approach the thermos-scanner point where the gamer 

must wait for a time equal to 6 seconds, the time necessary 

for the device to correctly measure the temperature. The 

second mini-game requires the sanitization of the hands: 

two hands full of bacteria appear on the screen and, by 

moving the mouse or finger over them, the gel will elimi-

nate them (Figure 11).  

The game continues automatically by showing the paths 

to follow in the school atrium. 

 

 
Figure 11. Hands sanitizing game 

The latest communication tool developed in this re-

search is the formative survey on critical situations that 

can occur in the school.  



The final illustrations regard the rules to follow in 

common environments. Images teach children how to re-

spect social distancing and the correct use of material 

(e.g., not sharing it with classmates) to prevent contami-

nation. Similar illustrations are proposed to children in a 

final survey to assess their overall learning and under-

standing of rules.  

 

The survey consists of a 16 multiple choice questions 

with four possible answers. The quiz requires a basic 

knowledge of containment measures adopted by Italian 

Government and of measures adopted by the specific 

school case study. The survey verifies the attitude of the 

children in some critical situation that can happen during 

the daily routine. The image in it shown rules for moving 

in the building and potentially dangerous behaviours. 

Moreover, this tool can be useful to inform teachers 

on children behaviour and the safe way to act in those par-

ticular situations.   

CONCLUSIONS 

The paper describes a case study in which the analysis 

on the behaviours to be maintained within the school be-

comes crucial in order to re-open an existing building 

safely during pandemic period. Information is provided 

through a series of mini-games for children, explaining 

specific rules to follow at school (e.g., use of masks, social 

distancing, temperature check, hands sanitizing). The use 

of digital communication technologies based on images 

and texts accompanied by a guided conversation stimu-

lates learning.  

From the comparison with the end-users carried out in 

the school, some advantages of adoption this approach 

emerged: 

• the opportunity to experience the scenario before 

the re-opening of the school has made it possible 

to improve management choices and actions 

based on virtual simulation; 

• the distribution of mini-games and training vid-

eos, in the week before the re-opening, allowed 

students and operators to learn about the new 

provisions adopted by the school and the new be-

haviours to be maintained, thus reducing the 

learning time at the first school days; 

• in the first days of school students already knew 

the path to follow and where to stop for temper-

ature control and hands sanitation. 

The school has started in September 2020 based on the 

results of the proposed analyses with the use of these new 

communication tools and the described digital ecosystem. 

The simulations developed were fundamental for the 

school director, allowing the school reorganisation in a 

functional way, without neglecting any aspect. Each 

choice taken, derived from a broader reasoning linked to 

needs of end-users, deadlines to be respected and COVID-

19 provisions. 

The presented work supports in the definition of 

COVID-19 protocols that can be adopted in a school 

building and related use scenarios, but the same method-

ology could be also implemented in other works, leisure 

environments and building typologies. This is possible 

since the skeletons of this study reflects the good rules of 

behaviour for reducing the spread of the virus. In such 

scenario it will be necessary to retrace the proposed meth-

odology and customise it according to the needs of the 

specific case. 

In future works, serious games based on the simula-

tions and the games reported in this paper could be devel-

oped with the aim of teaching new rules of behaviour. In 

fact, gamification represents an innovative and promising 

technology for stimulating learning. This technology is 

suitable for any age, but to be effective it must be devel-

oped according to player's needs. Indeed, two different 

contents were developed for nursery and elementary chil-

dren, in order to make them more understandable and 

stimulating. These tools could be designed to be used 

through both immersive and non-immersive virtual reality 

technologies, with the purpose to educate final users for a 

safe return to school.  Another future work could be re-

lated to the analysis of the data obtained interviewing the 

teaching staff on how communication tools have impacted 

on children’s behaviour. 
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