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Abstract 

Background 

Previous research has studied the effects of games in pediatric wards, but none of it has 

focused on the impact of the hospital’s school staff on the psychosocial state of the children 

nor on the gameplay itself. 

Objectives 

To present the Tangibot application and evaluate its impact on the children’s psychosocial 

state in the short term and the impact of the teacher on their psychosocial state, 

communications and coordination during the activity. 

Methods 

A study was conducted in a hospital classroom with 20 participants, who participated twice in 

the game: one with the teacher playing along and another without her. An observational scale 

was used by two evaluators in order to assess the impact on the children.  

Results and conclusions 

The study revealed that the teacher has an impact on the children’s communication and 

coordination procedures but has no impact on the psychosocial state of the participants. The 

teacher’s impact was found to be positive about communications. Dialogue management 

significantly improves when the communication includes the teacher, which means speaking 

turns are observed more consistently. Information pooling also improves, and the participants 

ask the teacher more questions. Consensus is also reached more often and more easily, but 

this does not reflect on the performance, as the time management is evidently worse when 

the teacher is present, as is also the joint task orientation.  

On the other hand, it was found that the teacher does not have an impact on the psychosocial 

state of the participants during the game, and that it is the game itself which changes their 



state over time. In the case of affection, which reflects the participants’ emotions of joy or 

boredom, their state improved significantly after a few minutes of play. The same thing 

occurred for physical activity, interest in the activity and interaction between peers, which 

increased in value in the first part of the game, although physical activity and interaction were 

reduced towards the end. No changes were found throughout the game in the number of 

complaints, nervousness or satisfied comments, which remained very low for all these aspects, 

showing that the game distracted them from their various symptoms. 

Based on these results, future work will explore the effects of gamification on the overall 

hospitalization perception, with special focus on the social opportunities during the hospital 

stay, to provide ways for the children to meet others during their treatment, to make the 

experience less painful and reduce their feelings of isolation. Some game strategies should also 

be evaluated to determine the ones that provide the best opportunities to improve the 

children’s hospital experience. 

1. Introduction 

1.1. Motivation 

Hospitalization is often a difficult experience for pediatric patients because it involves many 

elements which cause anxiety and fear, for example being in a strange environment, separated 

from their families, painful medical procedures or uncertainty about the future [1], [2]. These 

psychological consequences are not limited to the period of treatment inside the hospital, but 

can continue afterwards [3]. Among the problems they have to deal with is not being able to 

communicate with other children [4]. 

In this respect, hospitals do not usually offer the necessary tools for children to have a positive 

social experience, which could be helpful to them for their recovery and peace of mind [5]. In 

fact, these patients require hospital designs in which there are more possibilities of social 



interactions with other patients and with people outside the hospital. They would also like to 

have more technology available to them as a play and distraction mechanism [6].  

Children can develop their social skills with games and activities [7]. Some games can promote 

collaboration between peers in order to reach a common goal, which in turn promotes their 

interaction and provides opportunities to socialize [8]. 

However, although Computer Supported Collaborative Play (CSCP) techniques have been 

evaluated in schools [9], few studies have analyzed how these strategies can be implemented 

in a children’s ward or how they could benefit socialization possibilities and the children’s 

general wellbeing. This paper describes a study on how CSCP can be applied in a pediatric 

context by implementing a prototype collaborative game and analyses its impact on children’s 

communication strategies. It also examines the role of teachers in hospital context during CSCP 

and discusses the design guidelines that should be applied in future CSCP developments for 

hospitalized children.   

2. Related work 

There are examples of studies in the literature on the use of gamification to encourage 

socialization and collaboration in children. For instance, the works of [10] and [11], who used 

gamification in a collaborative-learning environment focused on Computer Science students, 

through the introduction of points, levels or ranks, which was positively accepted by the 

participants. Another study on the same lines is [9], which found that a multi-tablet game to 

enhance collaborative learning in Primary Education obtained positive collaboration and 

socialization results from the participants.  

However, in all these examples the participants involved were not in an emotionally-stressful 

situation, which could hinder socialization. Also, the children already knew their classmates, so 

that they had already developed natural social interactions. These conditions are very different 



to those in pediatric environments, where children may be isolated and have fewer 

opportunities to socialize with peers, all of which means that it is not possible to extrapolate 

the results obtained to the pediatric context. 

The use of CSCP in pediatric environments has been previously analyzed in a systematic review 

[12] that found two main approaches, co-located (i.e. children play in a common physical 

space) versus remote collaborative play. 

Although these studies show that there is a demand for social games and that positive results 

were obtained in terms user acceptance and psychological effects, they do not consider the 

possible impact of adults or tutors on the gaming experience, lack the benefits of face-to-face 

communication for socialization and do not study how the game design affects the way in 

which communication takes place. This impact could be of relevance, as there is evidence on 

the importance of adults in the social and cognitive development of children and their 

socialization with peers [13] [14].  

Our approach aims to enhance collaboration and socialization among hospitalized children 

through educational activities, as in [10] [11] or [9], but inside the hospital, with a co-located 

CSCP approach. We also consider the role of the teacher or tutor in the game and in the way 

collaboration and communication takes place. Our work is a first step towards understanding 

the design factors of co-located CSCP approaches that should be considered to foster 

socialization in pediatric contexts. 

Tangibot: a multi-tablet Gamified quiz system 

Tangibot was designed as a tablet-based multi-display environment to foster collaboration 

between peers by means of several general constraints that were considered during its design. 

First, the gamification dynamics would need the joint intervention of several patients 

simultaneously so that no single child could make progress without other peers. Second, the 

quiz would require the team to explore and discuss the different choices of action to take in 



the pursuit of a goal by means of communication, planning, and negotiation. Finally, it would 

require the continuous coordination of actions during the course of the activity in real time to 

reach the predefined goal.  

The gameboard is formed by an undetermined number of cells with “items” placed on top, and 

the leading actor is a robot that can be moved by a set of movement commands (i.e., go 

forward, stop, turn left or turn right). The items on the cells are keys, walls, and bombs. The 

keys are the most important items on the board. When one is reached by the robot, the 

participants will be asked a question and answers will appear on the rest of the cells with keys. 

The goal is then to lead the robot to the correct answer cell to complete the quiz while 

avoiding the obstacles represented by the other two types of items: walls that impede the 

robot and bombs that explode on contact. This approach pursues two objectives: first, to 

support challenges and replays, two design elements that have been shown to improve 

engagement, enjoyment, and productive learning experiences [15]; and second, to include 

emotions and individual versus team responsibility for failed actions as factors that may hinder 

or empower collaboration, depending on how they are handled by the team. 

In order to foster collaboration, Tangibot's main goal, the four movement commands to 

control the robot are split among the participants so that they are driven to cooperate and 

coordinate their efforts in order to plan and execute the robot's track on the board. The design 

rationale behind needing four users to control the robot is because working in small groups 

has been found effective in collaborative learning, since it “increases each student's 

opportunity to interact with materials and with other students while learning. Students have 

more chances to speak in a small group than in a class discussion; and in that setting some 

students are more comfortable speculating, questioning, and explaining concepts in order to 

clarify their thinking” (California State Department of Education, 1985).  



With the aim of enabling a more dynamic approach in which physical mobility is encouraged 

and still provide high levels of workspace awareness, Tangibot was designed to be arranged on 

the floor, as can be seen in Figure 1.  

 

Figure 1: the playing area. The picture was not taken at the hospital, but the location of the elements remains the 

same. 

Each question/answer key cell is displayed on a different tablet to facilitate the dynamic 

reconfiguration of digital contents as the activity progresses. They are intended to remain fixed 

during the activity, so that the participants can view their contents at a glance even at a 

distance. Figure 2 shows how questions are shown to the participants when the robot 

approaches the corresponding tablet, whereas Figure 3 and Figure 4 show the UI when the 

players get their answers right or wrong. 



 

Figure 2: how questions are displayed. 

 

Figure 3: display when the robot approaches the correct answer. 

 



 

Figure 4: this screen is shown to the players when the robot approaches an incorrect answer. 

The board, bombs, walls, and robot are physical artifacts the participants can physically 

interact with. A physical mobile robot and its paddle-based tangible control interface are used, 

as it has already been proven usable by children more than 3 years old in tasks that involve 

following paths [9], [16]. Each movement command is encoded in an RFID tag enclosed in an 

extensible paddle (see Figure 5), which triggers the corresponding movement of the robot 

when the users bring the paddle close to its RFID reader.  



 

Figure 5: the robot and the control paddles 

Since the manipulation of the robot takes place in the real world, the elements that trigger 

digital events (i.e., bombs and tablets) also have RFID tags attached underneath that are read 

by Tangibot's RFID reader when it approaches (see Figure 6). The robot's movements are 

controlled by an application in the robot itself and written in graphical, block-based, Lego 

Mindstorms programming language. The phone on the robot sends the RFID tags read to a 

dedicated NodeJS server via an Android app using the Socket.io communication library. The 

same library is used by the server to send the events that trigger the proper video or audio 

feedback on the phone or the tablets.  

 

Figure 6: approach of the robot to the tablet and hidden RFID tags 



When the participants get all the answers right, they get a positive feedback on the mobile 

phone above the robot (which is also used to connect the RFID reader with the server) as 

shown in Figure 7. 

 

Figure 7: positive feedback when all questions are answered correctly. 

3. Methods 

The main goal of our experimental study was to enhance hospitalized children’s collaboration 

and socialization through educational activities, and to assess the impact of the participation of 

a teacher in the collaboration and communication and in the psychosocial aspect of the 

gameplay. By using the Goal Question Metrics [17], it can be defined as follows: analyze the 

expressions and attitudes of children during the gameplay for the purpose of determining the 

impact of the game in their short-term psychosocial state and their perception of 

hospitalization, and the impact of the teacher on communication and coordination from the 



point of view of the interaction and collaboration between the children while using technology 

in the context of pediatric hospitalization. 

Considering all this background, the research questions we formulate in this work are: 

• RQ-A: What is the impact of the teacher on communications, joint information 

processing and interpersonal relationships among the children and with the teacher? 

• RQ-B: What is the impact of the teacher on the technical coordination and motivation 

among the children and with the teacher? 

• RQ-C: What is the impact of the teacher on the feelings and perception of the patients 

about the activity? 

• RQ-D: What are the feelings and emotions shown by the participants during the 

activity? 

From these research questions, the following null hypotheses are formulated to be statistically 

tested: 

• H0A: The participation of the teacher in the gameplay does not have an impact on the 

quality of the communications, joint information processing and interpersonal 

relationship of the participants, in answer to RQ-A. 

• H0B:  The participation of the teacher in the gameplay does not have an impact on the 

quality of the coordination and motivation of the participants, in answer to RQ-B. 

• H0C: The participation of the teacher in the gameplay does not have an impact on the 

psychosocial state of the participants, in answer to RQ-C. 

• H0D: The game does not have an impact on the psychosocial aspect of the participants 

in the short-term, in answer to RQ-D. 



3.1. Participants 

The children attending the hospital classroom were invited to participate in the game. 

However, given the nature of the game (which requires some physical activity), those with 

severe mobility restrictions could not take part. 

For both types of session, 20 children with a variety of ailments took part in the experiment, 

with ages ranging from 4 to 12, with an average of 8.16 and a standard deviation of 2.93. 13 

(65%) were males and 7 (35%) were females.  

3.2. Apparatus 

For the experiment, six Android-based tablets were used with a Lego EV3 robot (see Figure 5) 

fitted with RFID readers that controlled the robot by orders from the palettes, plus an Android-

based mobile phone (which communicated with the robot via Bluetooth) that provided 

feedback to the players regarding correct answers or exploding bombs and was also connected 

to the server to receive commands or information.  

All the tablets ran a Java application which communicated with the central server by the 

Socket.IO library. The server was implemented with Javascript and was run as an instance of a 

NodeJS server. 

 

3.3. Procedure 

The game was tested in the pediatric classroom of a hospital in Valencia (Spain) in May and 

June 2018. Each session was played in two parts, in a different order in different sessions: one 

included a teacher as part of the group, while the other was with children only. This was to test 

the impact of the teacher on the emotional, social and communicative aspects of the game. 

Initially, the children were introduced to the robot and given a brief explanation of how it 

worked. They were then invited to share out the roles and to start playing for 20 minutes or 



until the session was interrupted for any external reason. Sessions of less than 10 minutes 

were not considered in the results. 

3.4. Evaluation method 

Three main evaluation methods were used to measure the three different aspects covered by 

the study: psychosocial effect, players’ communication and coordination, and user experience. 

An ad hoc measurement scale was used to measure the psychosocial effect. This scale 

analyzed seven dimensions and rated them with a score between 0 and 3, as detailed in Table 

1: 

Table 1: analyzed psychosocial dimensions 

Dimension Description Scoring system 

Affection Facial or corporal 

expressions which denote 

some emotion 

0: serious expression. Seems 

sad, bored or in pain. 

1: no emotion shown by the 

participant. 

2: smiles or shows some 

enjoyment. 

3: shows enthusiasm, laughs 

or is positively surprised. 

Somatic complaints Verbal, facial or corporal 

expressions which denote 

some pain or discomfort. 

0: shows 2 or more 

expressions of pain. 

1: shows 2 expressions of 

pain. 

2: shows 1 expression of 



pain. 

3: does not show any 

expression of pain. 

Physical activity Movements performed by 

the kid during gameplay, 

considering his medical 

possibilities.  

0: the child does not move 

during the activity. 

1: the child does not move 

much during the activity. 

2: the child moves 

moderately during the 

activity. 

3: the child is very active, 

waving his arms, running or 

jumping. 

Nervousness Repetitive uncontrolled 

moves; verbal, facial or 

corporal expressions which 

denote fear or worries. 

0: shows 2 or more 

expressions or signs of 

nervousness. 

1: shows 2 expressions or 

signs of nervousness. 

2: shows 1 expression or sign 

of nervousness. 

3: does not show any sign of 

nervousness. 



Social interaction How the child interacts with 

the other participants. 

0: plays individually. 

1: the child responds to the 

direction of a third person. 

2: the child acts as a director 

of the activity. 

3: the child collaborates with 

the other children on equal 

terms. 

Interest Pays attention to the tool 

and to its different 

functionalities. 

0: does not pay attention or 

does not want to play. 

1: the child uses the tool but 

does not explore its full 

functionalities. Plays 

passively. 

2: shows some interest and 

plays actively, exploring its 

functionalities. 

3: gives suggestions to 

improve the tool, asks for 

more play time or shows 

interest in using it again at 

another time. 

Satisfaction Verbal expressions regarding 0: makes a negative 



the activity. comment regarding the 

activity. 

1: does not make any 

comment. 

2: makes one positive 

comment regarding the 

activity. 

3: makes two or more 

positive comments about 

the activity. 

 

All these dimensions were evaluated three times in each session: at the beginning, mid-session 

and at the end, by two independent observers. 

The use of this ad-hoc scale was motivated because a lack of validated observational scales 

was observed for the evaluation of the behavior (physical, emotional and psychosocial) 

manifested by children aged 0 to 6 years and adults in difficult contexts, such as continuous 

interaction or a complex clinical state in the hospital’s environment.  

For this purpose, an initial non-systematic observation was made over one month, focused on 

hospital life, natural interaction between patient and caregiver, and the psychosocial factors 

involved. The work of Artilheiro [18] and Montoya-Castilla [19] was also used as an example in 

developing the observational scale. A reliability study was conducted. This study included 58 

patients (M = 7.00 years; TD = 3.28 years; 33% girls) and 22 caregivers (M = 39.00 years; TD = 

5.23 years; 73% women). The observation was carried out in the Pediatric and Hemato-

oncological Unit of the Hospital Universitari i Politècnic La Fe in Valencia. For the analysis of 



the data, the Kappa interobserver concordance index was calculated. The results showed very 

good inter-judge concordance for the features Nervousness, Physical Activity and Somatic 

Complaints (Κ = 0.94; 0.87; 0.90); and good in the features Affection, Interaction and Interest 

(Κ = 0.65; 0.75; 0.77); In caregivers the concordance was very good for Nervousness and 

Emotional Reaction (Κ = 0.90; 0.86); good for the Interaction and Interest trait (Κ = 0.67; 0.68); 

and moderate for the Affect trait (Κ = 0.60). 

A Smileyometer [20], [21] was used for the user experience. This is a 5-point Likert scale with 

values represented by smiley faces. This test was conducted twice: before and after the 

session. 

The children’s communication and coordination during the gameplay was assessed by the 

questionnaire designed by Meier et al. [22], with some minor adaptations for children. The 

questionnaire contains nine items related to five collaboration aspects, which are ranked on a 

Likert scale of 4 points from -2 (very bad) to +2 (very good). The assessment was performed by 

two independent observers. The nine items and their group aspects were the following: 

• Communication 

1. Sustaining mutual understanding  

2. Dialogue management 

• Joint information processing 

3. Information pooling 

4. Reaching consensus. 

• Coordination 

5. Task division 

6. Time management 



7. Technical coordination 

• Interpersonal relationship 

8. Reciprocal interaction 

• Motivation 

9. Joint task orientation 

4. Results 

To answer the research questions, a series of statistical tests were carried out with the data 

collected during the evaluation. Regarding the statistical tests performed on the data, t-tests 

and two-factor ANOVA tests were used, as the Likert scale data in this study represent a 

discretization of a continuous variable that represents a degree of agreement. These tests are 

valid and powerful and provide the same protection against false positives as non-parametric 

tests for this case, as discussed in [23]. 

First, with the aim of answering RQ-A and RQ-B, the data collected for the communication 

aspect of the experiment was analyzed using a two-part dependent t-test: first, 

communication and coordination between children playing alone was compared to that 

between children (excluding communications with the teacher) when the teacher was present. 

This data can be seen in Table 2.   

Table 2: comparison of communication and coordination between children when the teacher was present and 
absent. 

 Mean N 
Std. 

Deviation 

Std. 

Error 

Mean 

t df 
Sig. (2-

tailed) 

Sustaining Without -1.35 20 .844 .189 .309 19 .761 



mutual 

understanding 

teacher 

With 

teacher 
-1.40 20 .852 .191 

Dialogue 

management 

Without 

teacher 
.65 20 1.137 .254 

1.143 19 .267 

With 

teacher 
.35 20 .875 .196 

Information 

pooling 

Without 

teacher 
-.35 20 1.387 .310 

.705 19 .490 

With 

teacher 
-.58 20 1.055 .236 

Reaching 

consensus 

Without 

teacher 
.40 20 1.210 .270 

.391 19 .700 

With 

teacher 
.30 20 .657 .147 

Task division 

Without 

teacher 
.30 20 1.069 .239 

.674 19 .509 

With 

teacher 
.13 20 .930 .208 

Time 

management 

Without 

teacher 
.93 20 1.029 .230 

.677 19 .507 

With .65 20 1.226 .274 



teacher 

Technical 

coordination 

Without 

teacher 
.65 20 1.309 .293 

1.220 19 .238 

With 

teacher 
.23 20 1.141 .255 

Reciprocal 

interaction 

Without 

teacher 
.80 20 1.399 .313 

.698 19 .494 

With 

teacher 
.60 20 1.353 .303 

Conjoint task 

orientation 

Without 

teacher 
.93 20 .693 .155 

.767 19 .453 

With 

teacher 
.78 20 .910 .204 

 

As these results show, there was no difference in the way children communicated and 

coordinated with each other when the teacher was either present or absent. 

However, the communication and coordination among the children with the teacher and 

between each other (excluding the teacher) were compared when the teacher was part of the 

group (Table 3). 

Table 3: comparison between the communication between the children among themselves and between them and 
the teacher 

 Mean N 
Std. 

Deviation 

Std. 

Error 

t df 
Sig. (2-

tailed) 



Mean 

Sustaining mutual 

understanding 

Between 

children and 

the teacher 

-.95 20 1.087 .243 

1.989 19 .061 

Between the 

children 
-1.40 20 .852 .191 

Dialogue 

management 

Between 

children and 

the teacher 

.98 20 1.094 .245 

3.387 19 .003 

Between the 

children 
.35 20 .875 .196 

Information 

pooling 

Between 

children and 

the teacher 

.48 20 .924 .207 

6.658 19 .000 

Between the 

children 
-.58 20 1.055 .236 

Reaching 

consensus 

Between 

children and 

the teacher 

.63 20 .483 .108 

2.221 19 .039 

Between the 

children 
.30 20 .657 .147 

Task division 
Between 

children and 

.08 20 1.370 .306 -.195 19 .847 



the teacher 

Between the 

children 
.13 20 .930 .208 

Time 

management 

Between 

children and 

the teacher 

.10 20 1.008 .225 

-4.222 19 .000 

Between the 

children 
.65 20 1.226 .274 

Technical 

coordination 

Between 

children and 

the teacher 

-.33 20 1.004 .224 

-2.010 19 .059 

Between the 

children 
.23 20 1.141 .255 

Reciprocal 

interaction 

Between 

children and 

the teacher 

.90 20 .912 .204 

2.042 19 .055 

Between the 

children 
.60 20 1.353 .303 

Conjoint task 

orientation 

Between 

children and 

the teacher 

.20 20 .696 .156 

-2.632 19 .016 

Between the .78 20 .910 .204 



children 

 

In this situation there is a significant difference between the way children interact with each 

other and the way they communicate and coordinate with the teacher. This time, there is an 

improvement in the communicational aspects of the interaction (dialogue management, 

information pooling and reaching consensus), which allows us to reject hypothesis H0A. 

However, there is also reduced performance in terms of technical coordination (time 

management and individual task orientation), also resulting in the rejection of hypothesis H0B. 

To answer RQ-C, a two-factor ANOVA of repeated measures was conducted in which the 

factors were: the time (the three measures taken) and the presence or absence of the teacher. 

Given that all the children participated in both types of session, both were considered intra-

subject variables. The statistical results can be seen in Table 4. 

Table 4: results of a two-factor ANOVA of repeated measures test regarding participant's psychosocial state during 
the game. 

 Quadratic Mean F df Sig. 

time 1.815 4.857 1.701 .018 

teacher .469 1.216 1 .284 

time*teacher .065 .209 1.742 .782 

 

These results show that the only impact on the psychosocial state of the participants during 

the game was from the time, as detailed in Table 5 and Table 6, which invalidates H0D. This 

means that no impact was observed due to the presence of the teacher during the session, or 



derived from the interaction of both factors, which allowed us to accept hypothesis H0C. Full 

details of the teacher’s impact can be seen in Table 7. 

Table 5: results for each timeframe in sessions without the participation of the teacher. 

 Mean SD N 

p 

F df ŋ2 

 
T1-

T3 
Global 

Affection 

Beginning 1.48 .595 20 

.005 

.367 .122 2.229 2 .105 
Mid-

game 
1.83 .693 20 

.358 

Ending 1.65 .905 20 

Complaints 

Beginning 3.00 .000 20 

. 

.330 .377 1.000 2 .050 
Mid-

game 
3.00 .000 20 

.330 

Ending 2.95 .224 20 

Activity 

Beginning 1.35 .651 20 

.028 

.074 .053 3.408 1.668 .152 
Mid-

game 
1.78 .678 20 

1.000 

Ending 1.78 .952 20 

Nervousness 

Beginning 2.85 .671 20 

.330 .541 .508 .689 2 .035 

Mid- 3.00 .000 20 



game 

.330 

Ending 2.95 .224 20 

Social 

interaction 

Beginning .75 1.198 20 

.000 

.007 .000 14.082 2 .426 
Mid-

game 
2.25 .953 20 

.023 

Ending 1.83 1.092 20 

Interest 

Beginning 1.83 .568 20 

.163 

.748 .387 .974 2 .049 
Mid-

game 
2.07 .674 20 

.217 

Ending 1.90 .852 20 

Satisfaction 

Beginning 1.13 .559 20 

1.000 

.878 .978 .022 2 .001 
Mid-

game 
1.13 .455 20 

.666 

Ending 1.15 .401 20 

 

In this case, there are statistically-significant differences for affection (between moments 1 

and 2), activity (between moments 1 and 2) and social interaction (moments 1 and 2, 1 and 3 

and 2 and 3). This reinforces the rejection of hypothesis H0D, as this data shows a short-term 

impact on the psychosocial state of the participants. 



Table 6: results for each timeframe in sessions with the participation of the teacher. 

 Mean SD N 

p 

F df ŋ2 

 T1-T3 Global 

Affection 

Beginning 1.35 .564 20 

.023 

.640 .054 3.164 1.663 .143 
Mid-

game 
1.78 .658 20 

.033 

Ending 1.45 .776 20 

Complaints 

Beginning 2.98 .112 20 

.666 

.330 .561 .588 2 .030 
Mid-

game 
2.95 .224 20 

.330 

Ending 3.00 .000 20 

Activity 

Beginning 1.13 .666 20 

.003 

.007 .001 8.876 2 .318 
Mid-

game 
1.68 .712 20 

1.000 

Ending 1.68 .783 20 

Nervousness 

Beginning 2.95 .224 20 

.577 

.330 .377 1.000 2 .050 
Mid-

game 
2.90 .308 20 

.163 

Ending 3.00 .000 20 

Social Beginning .60 .576 20 .000 .002 .000 15.561 1.990 .450 



interaction Mid-

game 
1.83 .832 20 

.080 

Ending 1.43 .783 20 

Interest 

Beginning 1.60 .476 20 

.024 

1.000 .105 2.496 1.721 .116 
Mid-

game 
1.90 .528 20 

.076 

Ending 1.60 .771 20 

Satisfaction 

Beginning 1.00 .000 20 

.330 

.163 .377 1.000 2 .050 
Mid-

game 
1.03 .112 20 

.577 

Ending 1.05 .154 20 

 

These results show differences for affection (between moments 1 and 2 and moments 2 and 

3), physical activity (moments 1 and 2 and 1 and 3), social interaction (moments 1 and 2 and 1 

and 3) and interest (moments 1 and 2). 

Table 7: results of the ANOVA test to see the impact of the teacher in each of the psychosocial aspects evaluated in 
each timeframe. 

 Mean N 
Std. 

Deviation 
F df Sig. ŋ2 

Affection Beginning 
Without 

teacher 
1.48 20 .595 .629 1 .437 .032 



With 

teacher 
1.35 20 .564 

Mid-

game 

Without 

teacher 
1.83 20 .693 

.083 

 

1 

 

.776 

 

.004 

 With 

teacher 
1.78 20 .658 

Ending 

Without 

teacher 
1.65 20 0.905 

1.070 1 .314 .053 

With 

teacher 
1.45 20 0.776 

Complaints 

Beginning 

Without 

teacher 
3.00 20 .000 

1 1 .330 .050 

With 

teacher 
2.98 20 .112 

Mid-

game 

Without 

teacher 
3.00 20 .000 

1 1 .330 .050 

With 

teacher 
2.95 20 .224 

Ending 

Without 

teacher 
2.95 20 .224 

1 1 .330 .050 

With 

teacher 
3.00 20 .000 



Activity 

Beginning 

Without 

teacher 
1.35 20 .651 

1.185 1 .290 .059 

With 

teacher 
1.13 20 .666 

Mid-

game 

Without 

teacher 
1.78 20 .678 

.336 1 .569 .017 

With 

teacher 
1.68 20 .712 

Ending 

Without 

teacher 
1.78 20 .952 

.202 1 .658 .011 

With 

teacher 
1.68 20 .783 

Nervousness 

Beginning 

Without 

teacher 
2.85 20 .671 

.388 1 .541 .020 

With 

teacher 
2.95 20 .224 

Mid-

game 

Without 

teacher 
3.00 20 .000 

2.111 1 .163 .100 

With 

teacher 
2.90 20 .308 

Ending 
Without 

teacher 
2.95 20 .224 1.000 1 .330 .050 



With 

teacher 
3.00 20 .000 

Social 

interaction 

Beginning 

Without 

teacher 
.75 20 1.198 

.241 1 .629 .013 

With 

teacher 
.60 20 .576 

Mid-

game 

Without 

teacher 
2.25 20 .953 

2.316 1 .145 .109 

With 

teacher 
1.83 20 .832 

Ending 

Without 

teacher 
1.83 20 1.092 

1.547 1 .229 .075 

With 

teacher 
1.43 20 .783 

Interest 

Beginning 

Without 

teacher 
1.83 20 .568 

1.400 1 .251 .069 

With 

teacher 
1.60 20 .476 

Mid-

game 

Without 

teacher 
2.08 20 .674 

1.347 1 .260 .066 

With 

teacher 
1.90 20 .528 



Ending 

Without 

teacher 
1.90 20 .852 

2.591 1 .124 .120 

With 

teacher 
1.60 20 .771 

Satisfaction 

Beginning 

Without 

teacher 
1.13 20 .559 

1.000 1 .330 .050 

With 

teacher 
1.00 20 .000 

Mid-

game 

Without 

teacher 
1.13 20 .455 

.884 1 .359 .044 

With 

teacher 
1.03 20 .112 

Ending 

Without 

teacher 
1.15 20 .401 

2.111 1 .163 .100 

With 

teacher 
1.05 20 .154 

 

The kappa index for the two observers that participated in the evaluation was computed to 

test their agreement rate. The result was a kappa index of 0.82, which translates to “almost 

perfect”, according to Landis and Koch [24].  

4.1. Discussion 

The results obtained show that the teacher’s presence had some impact on the children’s 

gameplay, but this was limited to the communication and coordination skills of the 



participants. Playing with their teacher does not change their perception, enjoyment or the 

number of pain gestures or expressions they displayed. The only factor that produces 

significant differences in the results of the participants’ psychosocial state is the time, which 

can be translated as the activity itself, as the first measure is taken at the beginning of the 

session, when they have not yet had time to either like or dislike the game. The effects of the 

activity on the children can be observed when the second measure was taken in the middle of 

the playing time.  

These results show that the children enjoyed the activity, as there is a significant increase in 

affection, physical activity and interest (although this was only statistically significant when the 

teacher was present, the results show that the same tendency applies when the children play 

alone) and the values for nervousness or complaints remain low. Also, it shows a social 

interaction closer to full collaboration instead of a hierarchical organization during the game in 

the case of children playing alone, and a significant improvement in the interaction in both 

cases (starting from the lack of interaction among peers at the beginning of the game).  

However, there is also a tendency to decrease between the middle and end of the game. This 

is statistically significant in interaction when the teacher was not present and can also be seen 

in the other aspects even if it cannot be said to be significant at this level of confidence. This 

can be explained by the overlong duration of the game and the children starting to show signs 

of boredom. Another possibility is that the difficulty of the questions was either too low or too 

high and they felt slightly discouraged to carry on with the game. However, it must be noted 

that, in both types of session, the level of physical activity remains the same at the end and 

this perceived tendency does not apply to other aspects, which is a positive sign, as the game 

increases the children’s movements beyond the gameplay time. 

Considering the actual values obtained instead of the tendency over time, it can be said that 

the affection results are positive, as the children show signs of fun during most of the activity 



(values between 1 and 2, which are “no emotion displayed” and “some smiles and enjoyment” 

respectively). Also, the game does not create nervousness, pain or discomfort among the 

participants, with values for both aspects very close to 3 (no comments or expressions), but it 

does foster movement, as the results for the physical activity show. This is related to the 

results obtained for interest: as they are curious about the game, the children explore the 

playing environment while searching for the tablets with the correct answers, for which they 

need to move around. However, although they show interest in the game, this does not trigger 

many spontaneous positive (or negative) comments on it, which explains the results of the 

satisfaction aspect, which evaluates the number of spontaneous comments made regarding 

the activity. 

In relation to the communication and coordination skills shown by the participants during the 

game, this time the teacher has a significant impact. The interaction between peers alone or 

with the teacher is not the same, according to the results. When the children interact with 

each other, they do so in a different way than when playing with the teacher. In the first case, 

the results for communication are worse than in the second, but the technical aspects of the 

evaluation obtain better results. This can be explained because the teacher acts as a 

moderator during the game without forgetting her instructional role, which makes them partly 

dependent on her. This would make their technical coordination and time management worse, 

as they would seek instructions and help from the adult before performing their individual 

tasks, which thus take longer. On the other hand, this approach improves aspects such as 

information pooling, possibly because the role of the teacher increases confidence in the 

answers they receive and so they ask more questions.  

For these communication and coordination aspects, the results are not neutral (“neutral” 

meaning zero on the measurement scale). Most aspects do receive a positive evaluation. 

However, two communicative aspects are negative in most scenarios: sustaining mutual 



understanding and information pooling. The first can be explained by the evaluation method: 

the fact of whether the children ensured that the information they had transmitted was 

understood by the others was taken into account by means of questions like “okay?” or “do 

you understand it?” or similar, or if they asked for information to be repeated. As this did not 

happen often during the gameplay, it was evaluated negatively. The children also showed 

some problems with information pooling, as they did not request enough help and information 

from their peers. They only did this regularly with the teacher, and this was the reason why the 

evaluators considered it not to be good enough. This, however, contrasts with the results of 

the technical aspects, and could have been due to the participants focusing on the tasks they 

had to perform rather than on interaction. 

5. Conclusions and future works 

A study conducted in a hospital classroom with 20 participants revealed that the teacher has 

an impact on the children’s communication and coordination procedures but has no impact on 

the psychosocial state of the participants. The teacher’s impact was found to be positive about 

communications. Dialogue management significantly improves when the communication 

includes the teacher, which means speaking turns are observed more consistently. Information 

pooling also improves, and the participants ask the teacher more questions. Consensus is also 

reached more often and more easily, but this does not reflect on the performance, as the time 

management is evidently worse when the teacher is present, as is also the joint task 

orientation.  

On the other hand, it was found that the teacher does not have an impact on the psychosocial 

state of the participants during the game, and that it is the game itself which changes their 

state over time. In the case of affection, which reflects the participants’ emotions of joy or 

boredom, their state improved significantly after a few minutes of play. The same thing 

occurred for physical activity, interest in the activity and interaction between peers, which 



increased in value in the first part of the game, although physical activity and interaction were 

reduced towards the end. No changes were found throughout the game in the number of 

complaints, nervousness or satisfied comments, which remained very low for all these aspects, 

showing that the game distracted them from their various symptoms. 

Based on these results, future work will explore the effects of gamification on the overall 

hospitalization perception, with special focus on the social opportunities during the hospital 

stay, to provide ways for the children to meet others during their treatment, to make the 

experience less painful and reduce their feelings of isolation. Some game strategies should also 

be evaluated to determine the ones that provide the best opportunities to improve the 

children’s hospital experience.  

Threats to validity 

Despite the contributions of this study, there are certain limitations. First, the number of 

participants in this research is reduced due to the available clinical population which could 

have an impact on the generalization of the results; and second, a comparison with other 

forms of measurement of known validity was not included to increase the validity and 

reliability of the observational scale measures.  
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