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ABSTRACT  

The video game industry has been growing at an incredible rate. According to the American               

Psychological Association, over the past 10 years, scientists have conducted about 9 reviews of              

research on the effectiveness of educational computer and video games. They found that the              

research on games is highly diverse with a number of methodologically flawed studies. They              

agree that more research is to be done to design elements that work best at improving student                 

learning. This study, researches learning effectiveness of the game design of one particular game              

in the field of educational biology - The control of the Cell Cycle published by NobelPrize.org.                

Participants of the age group 18-30, were tested upon highschool biology content, learning either              

through games or plain text. A qualitative and quantitative analysis were performed on their              

responses and discussed in the paper.  
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1. INTRODUCTION 

 

Ever since the invention of papyrus, learning has been done on paper. This plain text on paper                 

has been the culture for many years and thus is now the most traditional method of learning.                 

Once the computer was invented, the version of paper based learning was mapped to a digital                

medium, which however still comes under the traditional text-based learning criterion, just in a              

digital form. Eventually, came the digital game-based learning, which is completely different            

from the paper or digital text-based methods. Even though the medium of digital game-based              

learning is fairly new, learning through play has been existent since before the invention of               

papyrus. For example, all animals have been learning through the medium of play. Even humans               

start learning when they play with things or with other human beings. Play is one of the main                  

ways that children learn, says Family Lives (Family Lives, Retrieved 2018). They learn the basic               

skills of sharing, language, behavior or even throwing a ball. A young human start to build their                 

personality depending on what they learn while they play. 

 

A Serious Game is a game that is designed for a primary purpose other than pure entertainment.                 

Depending on the industry and the exact type of application, the purpose of the games varies                

from training, learning and simulations to diagnostics and testing. During the last 10 years, an               

increasing number of Serious Games have been released which relate to a wide range of fields:                

healthcare, defense, education, communication, politics, etc. (Djaouti, D., Alvarez, J., & Jessel, J.             

(n.d.), 2009). Moreover, there have been even more games released since Djaouti et. al.              
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published these findings. Serious Games are entertaining and engaging and yet, satisfy another             

purpose. 

 

Play supports players in exercising freedom that can complement formal learning by encouraging             

learners to explore various situations (Gloria, A.D et. al, 2016). This allows the players to be                

more engaged in the game for educational or pure entertainment, and enjoy it. The success of                

serious games for training has turned games into the best way of learning nowadays (Gamelearn,               

2016). In addition to giving them a brief idea of the player’s character under stress or his general                  

attitude towards work, they are also effective in observing one’s personality. These games             

challenge and support players to approach, explore, and overcome problems. 

 

Since the inception of these games, an interesting area of research has been their efficacy, and                

the benefits of using these compared to a more orthodox method of learning. In the current work,                 

a study of the effectiveness of Serious Games is presented, as compared to a more traditional                

approach of reading a page of text. In particular, this paper presents the learning effectiveness of                

a Serious Game produced by Nobelprize.org, The Control of a Cell Cycle, which presents the               

process of cell division in an interactive and educational way. This game was chosen on the basis                 

of its simplicity and the straight-forward method in which it treats the subject matter. Although               

cell division is a common high school biology topic taught in most educational institutes, it is                

still complicated enough for those who did not pursue a formal education in biology to not have                 

a comprehensive memory of the details. This limited selection of participants ensured the             

analysis of the learning rate to be unbiased. 
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Serious Games (SGs) are gaining an ever increasing interest for education and training in              

exploiting the latest simulation and visualization technologies. SGs are able to contextualize the             

player’s experience in a challenging, realistic environment, supporting situated cognition          

(Gloria,A.D et al. 2014). The control of the cell cycle does exactly that. They put the player in a                   

simulation where they pretend to be in control of the process of a cell cycle and they need to lead                    

the game into a successful process by choosing the right option at the right time or phase of the                   

process. 

 

2. BACKGROUND 

 

There are many definitions of a serious game. The most formal definition was introduced by a                

researcher, Clark C. Abt. In his book Serious Games, he presents games to improve education,               

both in and out of the classroom (Djaouti, D., Alvarez, J., & Jessel, J. (n.d.), 2009). A few years                   

later, Sawyer and Rejeski (2002) defined serious games as connecting a serious purpose to              

knowledge and technology from the game industry. But irrespective of the several definitions of              

this innovation, it still works on bringing participants together from a wide range of paths and                

fields and uses their interest in video games to fulfill a purpose that goes beyond entertainment.  

 

In order to analyze the effectiveness of a serious game, it is first important to know the difference                  

between a serious game and an entertainment game. Richard (2012), in his paper, argues that               

there are often communication problems in serious games, as that communication reflects real             

life and thus cannot always be perfect. There could always be delays or misunderstandings (Bock               
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R.D, 2012). Whereas in entertainment games, the communication is always perfect as it is almost               

never completely based on real life. The table (Table 2.a)(K.B, 2018) below summarizes the              

differences between the two.  

 

Table 2.a Difference between Serious Games and Entertainment Games 
 

Game Game-based learning (Serious Games) 

Games are for fun, and may or may not have 
defined rules and objectives. 

Games have defined learning objectives. 

Winning and losing, if any,  is a part of the 
game. 

Losing may or may not be possible because 
the point is to motivate people to take some 

action and learn as an end result. 

Game play comes first, rewards are 
secondary. 

Sometimes just playing the game is 
intrinsically rewarding. 

Story and scenes are part of the game. Content is usually morphed to fit the story and 
scenes of the game. 

 

Serious games can help the player learn a lot of different skills, user behavior, or even teach                 

them knowledge about a particular subject. Digital games help students with their problem             

solving skills and other deep level thinking instead of just memorizing the subject. The first step                

towards understanding how computer games can transform learning and education is changing            

the widely shared perspective that games are “mere entertainment” (S Gayla. K, 2011). The main               

benefit of educational games is that the students can work on various skills and courses at once                 

without feeling the burden to learn because it’s more fun than the stress of being forced to learn.                  

Serious games are an interactive method of play that teach students goals, rules, adaptation,              

problem solving interaction, all represented as a story (Bock R.D, 2012). 
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But there are also some disadvantages of learning through games or education through games. It               

is very difficult to determine how long a student would take to learn from these games, to                 

determine how long they will take to complete the sub goals and ultimately the game itself. This                 

could pose a problem to the teachers to set up the timeline of the syllabus. With a set deadline,                   

the student may also get discouraged for not being able to complete the game before the                

deadline. This will risk some of the kids falling behind. Another major problem is that the game                 

culture and play could be disadvantageous if it is not designed correctly.  

 

Dr. K Mitgutsch, a researcher at MIT University and the founder of Playful Solutions, has been                

studying the design of purposeful games. He proposes four advantages and disadvantages of             

educational games. He states the advantages as: 

1. Challenge: These games increase the difficulty level as per the player skill. This allows 

them to learn from their mistakes. 

2. Explore: Players can test their own ability and explore the virtual consequences of their 

own action. 

3. Explore roles and identities: A new perspective opens with every challenge and 

stimulates the learning processes. 

4. Application and feedback: Allows the player to put what they have learnt in practice and 

find out if their abilities are sufficient enough to meet the requirements.  
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The players’ own progress in the game gives them the reassurance of having achieved and learnt                

something new (Mitgutsch.D.K, 2014). The four disadvantages according to Dr. K. Mitgutsch            

are: 

1. Simplification: Games reduce the complex systems to their core aspects and represent the 

real world. But the world we live in is far more complex for any game to capture the 

essence of it.  

2. Lack of context: Games are not designed to have any impact on the player once the game 

has been switched off. 

3. They are illusions: challenges in video games are mostly fictional and have no relevance 

in everyday life. 

4. Relation: Kids are not able to relate what they have learnt to the real life. 

 

The learners require constructive support if they are to take anything relevant to their own               

learning process with them from the productive game settings (Mitgutsch.D.K, 2014). 

 

It is a fact that playing is an important aspect of human development which thus leaves a big                  

impact on the players. Games support the development of certain skills: strategic skills,             

analytical skills and learning capabilities (Granic. I, 2014). So why not use this quality for a                

purpose bigger than entertainment? 
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3. METHODOLOGY 

 

Serious games offer the ability to extend learning outside of the classroom and can be an                

attractive option for everything from teaching flashcards to model-based teaching. Medical           

schools around the country are increasingly utilizing and creating educational games for learners             

(Knops.B, 2013). The repertoire of computer strategies for medical education is becoming wider             

with the introduction of e-learning, game-based learning, gamification, and mobile learning (G            

Iouri et. al, 2018).  

 

In order to analyze the effectiveness of serious games in biology, this project was initiated by                

picking a pre-existing, high school level, biology based game. As mentioned in the previous              

section, the chosen game is The Control of the Cell Cycle produced by Nobel Media. This game                 

is based on the 2001 Nobel Prize winning concept in Physiology or Medicine, which was               

awarded for discoveries concerning the control of the cell cycle. It is a really simple game to play                  

and understand, even for a person without a medical or biology background.  

 

In this study, I am analyzing whether learning biology through games is equally or more               

effective than learning the subject using traditional methods of learning, that is, through reading              

plain text. For this, two participant groups were randomly created—the control group would read              

an article, and the experimental group would play the game with the same exact information as                

the article provides. The game provides this information before the player plays the game as this                

information is required to play the game. This game is very descriptive and has a lot of text. So                   
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to make the article unbiased, the text was cloned from the game. This ensures that the same exact                  

information is provided to the control group just as it is to the experimental group. The computer                 

software, Qualtrics, sorts the two groups at random in order to avoid any kind of bias. 

 

In order to test the learning curve of the player, it is important to first know the baseline of how                    

much they already know about the topic. In order to do this, there were two tests that were                  

prepared. One test, the pre-task test, was answered by the players before they attempted to play                

the game or read the article, and the other, the post-task test, was answered after they completed                 

their tasks. Both the control group and the experimental group were given the same pre and post                 

questions. Although this research is primarily focused on the test scores that the participants              

provide, it also requires the player to complete a short survey asking how they felt about the                 

game or article.  

 

3.1 The Game 

 
The cell cycle is the series of events that take place as the cells grow and divide. In mammals,                   

this process has four phases—Synthesis, G1, G2 and Mitosis Phase. The Control of the Cell               

Cycle game teaches us about all the mechanisms that take place in our body during each of these                  

phases. The game is easiest to finish if one is familiar with these different phases of the cell                  

cycle. If not, then one would have to pay extra attention to all the texts and images of the game.                    

This is where the specific participants, who do not have a biology background, fit in. This                

specific group of participants will ensure that they are learning new information through the              

game or the article. Participants who have an academic biology or medical background may have               
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recent memory of the subject and thus will be recollecting the information rather than learning it.                

Since this study focuses on the learning rate of the two methods, participants of the latter type                 

were not suitable.  

 

In order to divide without any errors, all cells follow the cell cycle. This division happens                

throughout the day but peaks around 2:00 am (The Science of Beauty Sleep, 2017). This means                

that cells rejuvenate the most when we are asleep. And that is exactly how the game starts (see                  

Fig. 3.1.a). As soon as you enter the game, you see a little boy sleeping in his bed and an                    

information box below him. This box gives interesting facts and the information needed to play               

the game.  

 

 

 Fig. 3.1.a. The general look of the game (first scene)  
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As the game progresses, the players start to receive more and more information about the cell                

cycle (as shown in Fig. 3.1.b). As the information reaches its end, the goal of the game starts to                   

reveal itself. The goal is simple and straightforward. You (the player) are the molecules, in a                

boy’s body, and you control the cell cycle, namely CDK (Cyclin-dependent kinases) and Cyclin.              

CDK and Cyclin are the two molecules responsible for an error-free cell cycle. Your mission is                

to do the same, conduct an error-free cell cycle. You are in control of this process and you can do                    

this by choosing the right step for the right phase.  

 

  

  Fig. 3.1.b Game information on the cell cycle  
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      Fig. 3.1.c Image of the Player character and his control unit 

 

As it can be seen in the figure above (Fig. 3.1.c), the player is the blue blob which is namely                    

CDK and Cyclin. The monitor in the center shows what is happening to the cell at every phase of                   

the cell cycle. The monitor on the right of the screen is where the choices pop up and the player                    

has to pick the right step for the particular phase the cell is in. As long as the player picks the                     

right option, the game moves forward. The monitor on the left of the screen is the monitor on                  

which the checkpoints of every phase are mentioned. This information is not necessarily present              

in the text which is provided to the player before they start playing the game. These checkpoints                 

keep the player active because it is new information that they learn in the middle of the game. At                   

this point, they click on every checkpoint and see on the screen what exactly happens to the cell.                  

This is one of the learning techniques that the game uses to teach it’s players.  
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The game keeps moving forward when the player chooses the correct option. If they pick a                

wrong option two times, then their cell dies and they have to restart the whole process again with                  

a different cell. If they do not get the process right in the first three tries, then they have lost the                     

game and have to start it all over again.  

 

3.2 The Article 

 

The article is the exact clone of the text which is mentioned in the game. The game features no                   

dialogue, which means that all the data and information that are provided by the game is in text                  

and thus can easily be written in the form of a short article. Even the checkpoints during the                  

game can be rephrased in form of a text. In addition, there is a lot of information that is provided                    

when the player finishes the game. This new information was also added to the article that was                 

provided to the control group. This ensures that both the control group and the experimental               

group have the same data in the exact same format and the language used. This makes sure that                  

there is no space for any information based bias that could alter the results. 

 

3.3 The Survey/Test 

 

The entire study and the responses were collected online. The survey was planned and executed               

in the manner shown below. 
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Fig. 3.3 a Survey Flow 

 

As it can be seen from the image above (Fig. 3.3 a), the survey starts with a number choosing                   

metric. This is the mechanism that was introduced in order to randomize their assignment to the                

game or the article. If the player chose an even number, they were assigned to the experiment                 

group with the game condition. And if the player chose an odd number, they were assigned to the                  

control group with the article condition. After they selected a number, they went through a               

pre-task test which provided the baseline of the amount of previous knowledge they have about               

the topic. The pre-task test consisted of seven simple objective questions with a time limit of 4                 

minutes. As this study is completely online based, the pre-task and the post-task tests were timed                

to avoid having the participants browse the internet for answers. 

 

After they completed the pre-task test, they were asked to attempt the task they were chosen to                 

do which was assigned depending on the number they chose at the beginning of the survey.                

There was no time limit for this task. They took as much time as they needed to. Ideally, the                   
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game and the article, both should have taken only 20 minutes. The participants were requested to                

finish the game and read the article completely. Once the participants had completed their task,               

they moved on with their survey where they would find the post-task test. The post-task test                

consisted of 10 questions which contained the same questions but worded differently. This test              

was also timed for 4 minutes. Both the tests are timed so that the participants do not get enough                   

time to browse the answers on the internet. They also have an option of “I don’t know” so that                   

the player have an option of not guessing the answer and rather, truthfully admitting that they do                 

not know the answer. In addition, the players were requested not to guess and to answer to the                  

best of their knowledge. As there was no way of keeping a track of the way the participants                  

would answer, the “I don’t know” option was to provide a certain comfort level with which they                 

can admit that they do not know the answer to the question. A guessed answer would give an                  

unreliable response which can alter the analysis. The survey has no access to visit the previous                

pages and thus the article control group, were not able to refer the article again. This made sure                  

that they did not read all the test questions and go back to the previous page to find the answers                    

in the article.  

 

Once they completed the post-task test, a short de-briefing explained them about the study and               

what the research was aiming at. After the de-briefing, they got a short three question survey                

asking them if they liked the task and if they would have preferred learning the information                

through a game or an article respectively.  
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As mentioned in the methodology section, a computer software named Qualtrics was used to              

spread the survey around. A combination of Qualtrics and Microsoft Excel was used to analyze               

the response data to reach an acceptable conclusion to the study. Qualtrics is a subscription               

software for collecting and analyzing data. This survey tool has a wide range of tools with robust                 

analytical reporting (Steber C, 2016). On the other hand, Microsoft Excel is used worldwide for               

data analysis as it is both, convenient and cost effective (Rose S, 2015). Both these tools were                 

used to analyze data and create charts and tables to visualize the data.  

 

3.4 The Procedure 

 
Participants 

This study aimed to collect at least 60 participants: 30 for the article control group and 30 for the                   

game experimental group. In order to recruit participants, the study was posted on several social               

media platforms like Facebook and Reddit. It was also disseminated using Whatsapp and             

requesting people to forward it to their friends and family. The recruitment materials specified              

that the participants must be between the ages of 18 and 30 with a non-biology background. This                 

means that they should not have studied biology or any such related field after high school. This                 

was meant to ensure that the player had less information on the topic to align more with                 

comments about this topic that arose earlier in the paper. 

 

A message specifying the participant requirements and the link to the study was provided. A total                

of 159 participants were collected as a combination of both the control group and the               

experimental group. Out of this, about 62 participants were filtered out due to incomplete data.               
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Out of the 62, 15 from the game experiment group and 15 from the article control group were                  

filtered out based on the amount of time they took to complete study. From calculating the                

average time participants took to complete the article, an acceptable time range of three to seven                

minutes was used as a metric to select the 15 responses. Similarly, the acceptable time calculated                

for the game experimental group to finish their task was 10 to 30 minutes and then 15 responses                  

were chosen that belonged to this time range. Participants who took significantly more or less               

time were filtered out as they either did not complete the study in absolute honesty or they did                  

not complete it in one sitting. A better analysis can be done on the responses who completed the                  

study properly. 

 

Data Collection and Analysis 

As mentioned, the study was done using a Northeastern subscribed software called Qualtrics.             

Once all the data was collected and sorted, the pre-task and post-task test responses were               

evaluated in order to check the score of each selected participant for both the control group and                 

the experimental group. The total scores of participants in the tests and the number of times they                 

chose “I don’t know” was recorded. This data was then entered into the excel sheet and this                 

quantitative data was analyzed. An average score of the pre-task and post-task test scores were               

calculated. The two average scores were used to analyze the learning rate of the control group                

and the experimental group. In addition to this, reports from Qualtrics regarding the response on               

the survey was collected and discussed on.  
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This study uses a combination of qualitative and quantitative analysis. Quantitative analysis is             

done with the test score of each participant and qualitative analysis is performed on the survey                

answers from the participants.  

 

4. RESULTS 

 

The pre-task and post-task test results were noted and the average of their score was calculated 

and based on that the percentage of change was calculated using the formula below: 

ercentage of  change [Dif ference in score] / (pretask test score) 00P =  * 1  

Please note that the traditional learning method is termed as article as the text provided in the                 

study to the traditional method control group, was an article. 

The calculations are noted as shown in the table below (Table 4.a): 

 

Table 4.a Average scores and the percentage of change of participants in each group  

 Pre-task Average 
Score out of 7 

Post-task Average 
Score out of 10 

Percentage 
improvement over 
pre-task score (%) 

Game 2.766666667 7.433333333 88.07228913 

Article 2.7 6.733333333 74.56790123 

 
 

As it can be seen from the numbers above (Table 4.a), that there is a significant increase in both                   

the media of learning. However, the game medium had more than 10% effect on the learning rate                 

as compared to the medium of learning through traditional methods (article). The pie chart below               
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(Fig. 4.a) shows the percentage improvement in the scores, which can also be interpreted as the                

learning rate for the type of media:  

 

Fig. 4.a Pie chart showing the learning rate of both control groups  

 

Graphs were plotted for the game pre and post-task and for the article pre and post-task test score 

for every participant. The graph is as shown below: 
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Fig. 4.b Graph showing the pre and post task scores of each participant in the  Experiment group 

The scores help in identifying the increase or decrease in the learning rate of both the media with 

their pre-task test score as the baseline. As you can see from the graph above (Fig. 4. b), the 

participant scores have increased significantly in the post-task test, indicating that participants 

are learning from the game. Therefore, games as a learning medium are effective. Out of these 

15 participants, 4 participants have a clear-cut improvement in post-task test score compared to 

the other participants, which suggests a strong learning rate from this game. Another interesting 

observation is that, with the exception of one participant, almost all the participants scored higher 

in their post-task test compared to their scores in the pre-task test. A notable outlier is participant 

#109 who scored less in their post-task test which suggests that they did not learn anything at all, 

or possibly did not take the test/game seriously .  

 

Analysis of Serious Games in Biology - Ria Mittal                                                                                                         23 



 
 

 

Fig. 4.c Graph showing the pre and post task scores of each participant in the Control group 

Learning begins slowly, increases exponentially, and then slows to near zero level when mastery              

is attained. A graphical representation of this is called the learning curve (Rouse M, 2016). In                

this study, there is a shallow learning curve for the group who read the article, compared to the                  

group who played the game. This factors that the learning rate is slow. We know that this                 

method already works as it is still used in most schools and training facilities. It is not a surprise                   

to see that everyone has learnt something from the piece of text that was provided to them. The                  

graph (Fig. 4.c) shows that in this group, about six people have had an extreme increase in their                  

post-task test score. On the other hand, the scores of participant #82 and #92 in the post-task test                  

is not much different from their pre-task test score. Given that their pre-task test score is low and                  

there is not much improvement in the post-task test score, it can be inferred that their learning                 

rate is close to zero which infers almost no learning at all. This may indicate that the participant                  

did not read the article properly and thus, is an outlier. 
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The graphs below show the learning rate of every participant in the experimental group. 

 

 

Fig. 4.d Graph showing the learning rate of each participant in the Experiment group 

 

This is a very interesting graph (Fig. 4.d). As you can see in this graph one participant has had a                    

really high learning rate. This means that this particular person learned a lot from the game. And                 

there were three other people who had an observable increase in their learning rate.              

Unexpectedly, the graph shows that there are some participants who have a dip in their learning                

rate. As per the graph there are 4 people who have had a dip, which means that they are close to                     

not having learnt anything at all. The graph for participant #53 is not missing, t is just such a                   

minute (negative) change that it could not be recorded with the graph on such a high scale. 
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Fig. 4.e Graph showing the learning rate of each participant in the Control group 

 

This graph (Fig. 4.e), is extremely different from the Game Learning rate graph (Fig. 4.d). As                

you can see there are about four people who have a significantly higher learning rate compared                

to the other participants in the group. But their rate is not as high as the graph of the Game                    

Learning rate. Another observation is that there are seven people below the learning line. That is                

double the number of dips in the game graph. So that means there are twice as many participants                  

who appear not to have learned from the game. 

 

Below is the most interesting graph (Fig. 4.f) of this study. It indicates that games are slightly                 

more better learning medium than traditional text articles. 
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Fig. 4.f Graph showing the learning curves of the control group and the experiment group 

 

The graph (Fig. 4.f) above shows the learning curve of the two learning mediums. In order to get                  

this curve, the learning rate of every participant of both the groups were calculated and the graph                 

was plotted. This interesting graph gives us a lot of information. The curve of the game learning                 

rate is most of the time above the article learning rate curve. So, according to this graph, people                  

learn more through games. You can also notice that the highest learning rate again belongs to the                 

game control group with a rate of 7% increase. But, the lowest score also belongs to the same                  

control group with a learning rate of  -1.04%.  
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5. DISCUSSION 

 

The hypothesis was that the players would essentially learn more by playing games rather than               

than learning by the conventional method. The rapid growth of multimedia technologies over the              

last 20 years means that today’s children and young adults were born in a computerized world                

and are used to handling all kinds of software products and games (Girard C, 2012). From the                 

analysis above, it can be inferred that learning through games is at least on par with learning                 

through traditional linear methods, if not better. 

 

There were also some quantitative charts that were generated from the survey questions that were               

asked to be filled after the study terminated.  
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Fig. 5.a Did the participants like the article.  

 

The graph (Fig. 5.a) above, shows the distribution of participant responses to the question of               

whether or not they liked the article. It can be observed that about 45.95%, which is almost half                  

of the total number of participants, liked the article a great deal, whereas 32.43% of the total                 

participants liked the article. This constitutes more than half the control group who like the               

article. The graph (Fig. 5.b) produced when asked if the participants like the game, is very                

different from the graph (Fig. 5.a) generated above. 

 

 

Fig. 5.b Did the participants like the game. 
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In the graph (Fig. 5.b), it was observed that very less participants liked the game. Maximum                

number of participants chose the option of “a moderate amount”. From the graphs above (Fig.               

5.a and Fig. 5.b) we can infer that people liked reading the article more than they liked playing                  

the game. Due to this observation, the study sought to understand why the participants felt the                

article was enjoyable whereas the game was not. A sub-hypothesis of this study was that the                

participants would find the game more fun than the article. But I was not able to analyze this                  

without performing further tests and surveys. 

 

 

Fig. 5.c Do the participants think or believe they learned something from the article. 

 

The graph (Fig. 5.c) above shows the percentage of participants who liked the article and who                

did not. According to the graph, 78.38% of the participants liked the article.  
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Fig. 5.d Do the participants think or believe they learned something from the game. 

 

The graph (Fig. 5.d) above, shows us the percentage of participants who believe they learnt               

something from the game. The graph shows that 68% of the participant population feel they               

learnt something from the game. Comparing the two graphs (Fig. 5.c and Fig. 5.d), it can be seen                  

that almost the same amount of the population feel like they have learnt something from their                

tasks. There is only a 10% difference between the two graph analysis. However, when we               

compare graphs Fig. 5.b and graph Fig. 5.d, it can be seen that the largest percentage of                 

participants did not like the game, whereas, a large percentage of the participants feel like they                

have learnt something from the game. This shows that even though the population did not really                

like the game, they still felt like they have learnt something from it. Only 11% of the population                  

liked the game but 68% felt like they have learnt from it.  
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Fig. 5.e Would the participants have preferred a game-based approach of learning? 

 

Observing the graph (Fig. 5.e) above, the majority of participants would have preferred a              

game-based approach of learning. Less the 10% of the population would not have preferred the               

game medium path for learning.  
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Fig. 5.f Would the participants have preferred learning through the written article? 

 

The graph (Fig. 5.f) above, shows us the percentage of people who would have preferred the                

article mode of learning. More than half the population did not prefer the article mode of                

learning. However, there was almost a quarter, 23.53%, of the participant population who would              

have preferred the article medium of learning. he remaining quarter of the population was              

skeptical about if they would have preferred the article medium of learning. Comparing the              

graphs Fig. 5.e and Fig. 5.f, it was analyzed that when combined, the majority of participants                

would have preferred the game-based approach of learning and about less than 25% of the               

population was skeptical in choosing the other medium of learning. 
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Fig. 5.g Would participants play the game again? 

 

As an additional analysis, the study collected responses to know what percentage of the              

population would play the game again. As per the graph (Fig. 5.g) above, it can be seen that most                   

of the population were unsure of whether or not they would play the game again. But, the next                  

highest percentage of the participant population, 32.35%, mentioned that they would rather not             

play the game again. Comparing this graph with the previous graph (Fig. 5.d) mentioned, it can                

be observed that even though the majority of the participants felt like they learnt something from                

the game, less than 75% of the same population would not like to play the game again. 

 

Learning through games has its ups and downs. As you can see from the study above, the group                  

assigned to the condition of reading an article took an average of 5 minutes to complete the                 

whole study. Whereas the game control group took an average amount of 15 minutes to complete                
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the study. This means that people took three times as long to learn a little more than learning                  

through the traditional method. So that means that this method might be more engaging, more               

fun and there is a possibility of a lot more learning. However, beyond engagement, games may                

also be used for learning and developing personality (Foster, A, 2008). 

 

Although the data collected from the analyzed responses are partially conclusive, there are a few               

limitations without which the study could have been more precise. This study was a short-termed               

study and thus cannot completely conclude whether games are a better medium of learning than               

the traditional method. This study took place online and the participants could not be observed to                

keep a track of how they were completing their tasks. Another main limitation is the number of                 

participants. In order to perform a more accurate analysis, a larger participation pool would have               

supported the argument in a stronger way. However, this study is adequate for a short-term               

learning rate analysis.  

 

6. CONCLUSION 

 

This study shows that participants who are unfamiliar with microbiology learn better by playing              

a game than reading an article about the cycle of cell division. Games are more than just                 

entertainment. They can be used for a much bigger purpose at a much wider scale: education.                

Games in education is an upcoming technology which will keep players of all ages engaged and                

wanting to learn more and more. 
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With respect to serious games in biology, this could change the face of learning biology or any                 

other higher degree like a medical degree or a pharmacy degree. Showing a graphic or an                

interaction of what happens in our body or the chemistry behind certain things could catch and                

keep their attention. This way the information keeps entering the brain and eventually becomes a               

memory. This study shows that participants from the experiment group who played the game              

retained more information about cell division in the short term compared to the control group               

who read the article.  

 

Another conclusion inferred from this study is that people spent more time in playing the game                

compared to the time the experiment control group participants took to complete their task. Also,               

people may like the game and learn from it but not necessarily want to play the game again. This                   

may limit the amount of practice one needs to make a temporary memory permanent. Also, even                

though participants feel like they have learnt a lot from the article, they would prefer a                

game-base mode of learning. Overall, learning through a game outperforms learning through an             

article when teaching cell division to students unfamiliar with microbiology. 

 

In the future I would like to focus studying serious games in participants of different               

demographics and try to answer the questions mentioned above. I would also like to find out if                 

serious games would increase the rate of learning in all courses or is it just select ones. I would                   

also like to try to find an answer as to why participants felt the article to be more enjoyable than                    

the game and why they would not play the game again. I would also like to find out if the                    
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different personalities of people affect the way they play the game and hence affect their learning                

rate. 

  

ACKNOWLEDGEMENTS 

 

I would first like to thank my thesis advisor Dr. Celia Pearce for helping me throughout the study                  

and giving me feedback that helped me extensively with this study. Without your guidance,              

finishing the study with this accuracy and in time would not have been possible. I would also like                  

to thank the rest of my committee members Derek Curry and Jennifer Gradecki for taking out the                 

time and reviewing my paper multiple times. Your suggestions and critiques have intensified my              

dissertation. I would next like to thank my peers from the Game Science and Design department.                

Your critique helped me shape my research and answer questions that I missed out. All your                

ideas and advice helped me a great deal in not wasting time on unnecessary minor details. 

 
 

 

 

 

 
 
 
 
 
 
 
 

 

Analysis of Serious Games in Biology - Ria Mittal                                                                                                         37 



 
 

REFERENCES 

1. Djaouti, D., Alvarez, J., & Jessel, J. (n.d.). LudoScience - Scientific research laboratory 
dedicated to videogames and Serious Games. Classifying Serious Games: The G/P/S 
model.Retrieved from 
http://www.ludoscience.com/files/ressources/classifying_serious_games.pdf 

 

2. Gloria, A.D., Bellotti, F., Berta, R., & Lavagnino, E. (n.d.). Research gate. Serious 
Games for education and training.Retrieved from 
https://www.researchgate.net/profile/Alessandro_De_Gloria2/publication/286244094_Ser
ious_Games_for_education_and_training/links/56af388708ae28588c62ecf9/Serious-Gam
es-for-education-and-training.pdf 

 

3. Bock, R.D. (n.d.). Faculteit der Bètawetenschappen. Serious games: games for learning. 
Retrieved from http://www.few.vu.nl/~rbk440/serious/seriousgames.pdf 

 

4. S. Gayla, K. (2011, ). Teaching and Learning Resources / TLR Home. Teaching and 
Learning Resources / Educational Games.Retrieved from 
http://teachinglearningresources.pbworks.com/w/page/35130965/Educational%20Games 

 

5. Mitgutsch, D.K. (2014, July ). Goethe-Institut. Educational games: Possibilities and 
limitations - Goethe-Institut. Retrieved from 
http://www.goethe.de/en/spr/mag/20395586.html 

 

6. Knops, B. (2013, January ). AAMC. Game Based Learning in Medical Education. 
Retrieved from 
http://www.aamc.org/download/326404/data/technologynowgame-basedlearninginmedic
aleducation.pdf 

 

7. Ribeiro, C., Antunes, T., Monteiro, M., & Pereira, J. (2013, September 13). IEEE Xplore 
Digital Library. Serious Games in Formal Medical Education: An Experimental Study - 
IEEE Conference Publication. Retrieved from 
http://ieeexplore.ieee.org/document/6624240/?reload=true 

 

8. (2014, Noble Media ). Nobelprize.org. The Control of the Cell Cycle.Retrieved from 
http://www.nobelprize.org/educational/medicine/2001/ 

 

Analysis of Serious Games in Biology - Ria Mittal                                                                                                         38 

http://www.ludoscience.com/files/ressources/classifying_serious_games.pdf
https://www.researchgate.net/profile/Alessandro_De_Gloria2/publication/286244094_Serious_Games_for_education_and_training/links/56af388708ae28588c62ecf9/Serious-Games-for-education-and-training.pdf
https://www.researchgate.net/profile/Alessandro_De_Gloria2/publication/286244094_Serious_Games_for_education_and_training/links/56af388708ae28588c62ecf9/Serious-Games-for-education-and-training.pdf
https://www.researchgate.net/profile/Alessandro_De_Gloria2/publication/286244094_Serious_Games_for_education_and_training/links/56af388708ae28588c62ecf9/Serious-Games-for-education-and-training.pdf
http://www.few.vu.nl/~rbk440/serious/seriousgames.pdf
http://teachinglearningresources.pbworks.com/w/page/35130965/Educational%20Games
http://www.goethe.de/en/spr/mag/20395586.html
http://www.aamc.org/download/326404/data/technologynowgame-basedlearninginmedicaleducation.pdf
http://www.aamc.org/download/326404/data/technologynowgame-basedlearninginmedicaleducation.pdf
http://ieeexplore.ieee.org/document/6624240/?reload=true
http://www.nobelprize.org/educational/medicine/2001/


 
 

9. Gloria, A. D., Bellotti, F., & Berta, R. (2014). Serious Games for education and training. 
Retrieved from https://doaj.org/article/d9d627f466424ca2b7ad5e11f778242d 

 

10.  The Science of Beauty Sleep. (2017), from https://www.tuck.com/science-beauty-sleep/ 
  

11. Girard, C., Ecalle, J., & Magnan, A. (2012, June 13). Serious games as new educational 
tools: How effective are they? A meta-analysis of recent studies. Retrieved from 
https://onlinelibrary-wiley-com.ezproxy.neu.edu/doi/full/10.1111/j.1365-2729.2012.0048
9.x 

  

12. Foster, A. (2008). Games and motivation to learn science: Personal identity, applicability, 
relevance and meaningfulness. Journal of Interactive Learning Research, 19(4), 597-614. 
Retrieved from 
https://search-proquest-com.ezproxy.neu.edu/docview/211271612?OpenUrlRefId=info:xr
i/sid:primo&accountid=12826 

 

13. How children learn through play. (n.d.). Retrieved April 17, 2018, from 
https://www.familylives.org.uk/advice/toddler-preschool/learning-play/how-children-lear
n-through-play/ 

 

14. G. (2017, July). Serious Games for Training: 8 Benefits that Will Surprise you. Retrieved 
April 17, 2018, from https://www.game-learn.com/serious-games-for-training-benefits/ 

 

15. K. B. (2018, March). Games vs Game-based Learning vs Gamification. Retrieved April 
17, 2018, from 
http://minkhollow.ca/beckerblog/2015/06/19/games-vs-game-based-learning-vs-gamifica
tion/ 

 

16. How children learn through play. (n.d.). Retrieved from 
https://www.familylives.org.uk/advice/toddler-preschool/learning-play/how-children-lear
n-through-play/ 

 

17. Granic, I., Lobel, A., & Engels, R. C. (2014, January). The Benefits of Playing Video 
Games. Retrieved from http://www.apa.org/pubs/journals/releases/amp-a0034857.pdf 

 

Analysis of Serious Games in Biology - Ria Mittal                                                                                                         39 

https://doaj.org/article/d9d627f466424ca2b7ad5e11f778242d
https://www.tuck.com/science-beauty-sleep/
https://onlinelibrary-wiley-com.ezproxy.neu.edu/doi/full/10.1111/j.1365-2729.2012.00489.x
https://onlinelibrary-wiley-com.ezproxy.neu.edu/doi/full/10.1111/j.1365-2729.2012.00489.x
https://search-proquest-com.ezproxy.neu.edu/docview/211271612?OpenUrlRefId=info:xri/sid:primo&accountid=12826
https://search-proquest-com.ezproxy.neu.edu/docview/211271612?OpenUrlRefId=info:xri/sid:primo&accountid=12826
https://www.familylives.org.uk/advice/toddler-preschool/learning-play/how-children-learn-through-play/
https://www.familylives.org.uk/advice/toddler-preschool/learning-play/how-children-learn-through-play/
https://www.game-learn.com/serious-games-for-training-benefits/
http://minkhollow.ca/beckerblog/2015/06/19/games-vs-game-based-learning-vs-gamification/
http://minkhollow.ca/beckerblog/2015/06/19/games-vs-game-based-learning-vs-gamification/
https://www.familylives.org.uk/advice/toddler-preschool/learning-play/how-children-learn-through-play/
https://www.familylives.org.uk/advice/toddler-preschool/learning-play/how-children-learn-through-play/
http://www.apa.org/pubs/journals/releases/amp-a0034857.pdf


 
 

18. Steber, C. (2016, May). Online Market Research Tool Showdown: Qualtrics, Survey 
Monkey, and More. Retrieved April 17, 2018, from 
http://www.cfrinc.net/cfrblog/online-market-research-showdown 

 

19. Rose, S. (2015). An introduction to using Microsoft Excel for quantitative data analysis. 
Retrieved from 
http://documents.routledge-interactive.s3.amazonaws.com/9780415628129/Chapter 13 - 
Using Excel for Quantitative Data Analysis final_edited.pdf 

 

20. Iouri, G., Sandra A., Rafael G., Ariel C., Alexandra P., Vivian D., Francisco Y. & Óscar 
Muñoz (2018) A systematic review of serious games in medical education: quality of 
evidence and pedagogical strategy, Medical Education Online, Retrieved from 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5827764/ 

 

21. Rouse, M. (2016, November). What is learning curve? - Definition from WhatIs.com. 
Retrieved April 18, 2018, from https://whatis.techtarget.com/definition/learning-curve 

 
 
 

 
 

 

 

 

 

 

 

 

 

 
 

 

Analysis of Serious Games in Biology - Ria Mittal                                                                                                         40 

http://www.cfrinc.net/cfrblog/online-market-research-showdown
http://documents.routledge-interactive.s3.amazonaws.com/9780415628129/Chapter
http://documents.routledge-interactive.s3.amazonaws.com/9780415628129/Chapter
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5827764/
https://whatis.techtarget.com/definition/learning-curve
https://whatis.techtarget.com/definition/learning-curve


 
 

APPENDIX 

Survey provided to the participants: 
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For those who get selected in the Game Control Group, get this message: 
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Once the player’s complete the task, they get the following text. It is the same text for both the 
control groups but for the article the first line is “Liked the article?” 
 

 
 
Then comes the post test: 
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