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A Knowledge-Delivery Gravity Model to Improve Game-Aided 

Pedagogy 

 

Abstract 
Teaching materials have evolved from mere text to multi- and hyper-media contents, leading to substantial 

growth in both information density and accessibility. One of the accompanying challenges with this 

evolution is the growing need to accurately quantify the degree of students’ stimulation and engagement in 

this new environment. Game-aided pedagogy can stimulate students’ interest and can complement their 

individual learning styles. It can also provide them with the appropriate amount of information density and 

accessibility, utilizing multimedia and hypermedia contents. 

 

This paper introduces a gravity model to measure the level of students’ engagement in game-aided 

pedagogy. The output of this model is the students’ engagement. Information density, ability of students to 

absorb knowledge, and knowledge delivery are considered in this model as impact factors.  

 

A multi-level web game was designed to enhance students’ understanding of certain concepts in 

transportation engineering (driver behavior in dilemma zone) and is used as a platform for testing our 

proposed concept. Our objective is to increase the students’ engagement and decrease the difficulty of 

knowledge-delivery. The game can simulate traffic operation scenarios and collect users’ gameplay data 

using refined 3D scenes. Vivid scenes attract students and multi-level design increases the appeal of the 

game and thus can stimulate students. Gameplay data collected from users can monitor students’ responses 

and gather their understanding of the delivered knowledge. This game has a “client” part and a “server” part. 

The client part interacts with students’ operation and renders scenes, while the server part stores students’ 

gameplay information and responds with different game levels accordingly. The client part was 

programmed with unity 3D and C# language together with HTML and Javascript. The server part was 

achieved by ASP.net and MS Access database. The output of this game can be used to assess the students’ 

learning outcomes. 

 

The result of this research can be used to quantify the students’ engagement gravity model’s parameters, 

which can in turn be used to guide the revision and development of the next generation game-aided 

pedagogy. 
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Game-Aided Pedagogy, Gravity Model, Learning Outcomes  

 

1. Introduction 

Teaching materials have evolved from word of mouth and mere text to multi- and hyper-media contents. 

The change behind the teaching materials is the increase of information density and accessibility. Recent 

decades’ research in Game-Aided Pedagogy (GAP) also shows an increase of information density and 

accessibility of educational games compared to the other teaching media.  

 

Simulations and computer educational games are treated as an efficient way for learning, at least since the 

1970s[1]. Students’ learning outcomes and engagement are both important. Our experience teaching several 

transportation classes suggest that students need significant out-of-classroom activities (e.g., simulation, 

games, tutorials) in order to grasp the disparate transportation subjects. However, if the students were not 

engaged/interested enough in these activities, they would complain and/or lose interest in pursuing 
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transportation research. It is therefore very important to measure both the effectiveness and engagement 

level of activities.  

We hypothesize that there is a relationship between the level of student engagement, the degree by which a 

game can be challenging, the student capacity, and the game content. For example, we hypothesize that an 

excellent student might be more intrigued by a more challenging game from which they can extract some 

new concepts.  The objective of this research is to test this hypothesis and to quantify the relationship 

between the students’ engagement and contributing factors. This relationship can then be used to guide the 

game design for GAP and examine the games’ effectiveness for students’ engagement and learning 

outcomes. In order to achieve this objective, we proposed a hypothesis and conducted an experiment to test 

and revise the hypothesis if needed. The hypothesized relationship is described in part 2.1. The design and 

implementation of the game used in the experiment can be found in part 2.2.  The experiment is presented in 

part 2.3. The results and analysis are shown in part 3. Finally, the conclusion and future work are addressed 

in part 4. 

 

2. Method 

The methodology in this research focuses on three parts: (1) hypothesis of the relationship between the 

contributing parameters and students’ engagement, (2) design of game in GAP, and (3) experiment. For the 

hypothesis, we propose a model contributes to students engagement with three parameters: student’s 

learning capacity (using class score as a surrogate measure), knowledge encapsulated in the game (using the 

increase in students quiz score as a surrogate measure), and the game difficulty level. To test this hypothesis, 

a multi-level web game was designed to improve students’ learning outcomes. In this case, the students’ 

engagement was measured by the amount of time a student repeatedly played each game level. In the 

experiment, 40 undergraduate students volunteered to participate for extra credit. Their incremental increase 

in subject knowledge was measured by their performance in an un-timed quiz they took online both before 

and after playing the game. Their scores of the quiz and data uploaded by the web game were used to 

validate the model. 

 

2.1 Knowledge-Delivery Gravity Model 

The concept of gravity model was first addressed in physics to describe the gravitational force of planets. 

Then analogy of gravity model was used in economics and land use studies [2-4]. In transportation 

planning, the same philosophy was used to measure the attraction of one area to another area[4]. In general, 

gravity model could describe the impact from one object to another object. The original gravity model in 

physics is 

𝐹𝑎,𝑏 = 𝐺
𝑀𝑎×𝑀𝑏

𝐷𝑎,𝑏
2  (1) 

Where, 

𝐹𝑎,𝑏 = gravitational force between object 𝑎 and object b, 

𝐺      = coefficient, 

𝑀𝑎   = mass of object 𝑎, 

𝑀𝑏   = mass of object b, and 

𝐷𝑎,𝑏 = distance between object 𝑎 and object b. 

 

In the context of student’s learning process, there are two objects that can have an impact on one another: 

knowledge source (educators, reading materials, game for GAP, etc.) and student. The attraction between 

these two objects would result in the interest or level of engagement.  The amount of new knowledge that 

need to be delivered to the student is the distance between the two objects. We hypothesize that we can use 

P
age 26.60.4



this modeling framework to predict the level of students’ engagement. The proposed relationship is shown 

in equation (2) below.  

 

Based on the discussion above, we introduced the knowledge-delivery gravity model which is 

𝐸 = 𝐶
𝑃𝑠𝑜𝑢𝑟𝑐𝑒⊕𝑃𝑠𝑡𝑢𝑑𝑒𝑛𝑡

D
 (2) 

where 

𝐸   = student’s engagement, 

𝐶   = coefficient factor, 

𝑃𝑠𝑜𝑢𝑟𝑐𝑒  = properties of knowledge source, 

𝑃𝑠𝑡𝑢𝑑𝑒𝑛𝑡   = properties of a student, and 

𝐷   = new knowledge. 

 

The output of this model is the level of engagement. Properties of knowledge source, properties of a student, 

and new knowledge are considered in this model as impact factors. In this case, we take information density 

(game level), ability of students to absorb knowledge (students grades), and the amount of new knowledge 

(increase in quiz score) as the representatives of properties of knowledge source, properties of a student, and 

new knowledge, respectively.  It should be noted that the relationship between these factors is not 

necessarily in the form of multiplication, but is left for the model to determine. 

 

2.2 Game Design 

A. Function Design 

Dilemma zone and delay are two important concepts in traffic signal control. Dilemma zone is a zone 

before signalized intersections where drivers have difficulty deciding whether to continue passing the 

intersection or stop when the signal turns yellow. There is a dilemma because if the driver misjudges the 

safety of going through the intersection during the available yellow duration, he/she run the red-light and 

might have a side collision with vehicle from the conflicting directions. If the driver stops, the following car 

might continue and end up with a rear-end collision. Delay is extra time vehicles experience due to the 

existence of the traffic signal compared to free flow driving. Dilemma zones represent a safety issue while 

delay represents efficiency issue. In the real world, intelligent signal controllers are designed to allocate 

green times for each phase to minimize the number of vehicles caught in dilemma zone as well as 

minimizing total delay. A player trying to mimic the operation of an intelligent controller would have to end 

the green time (in our game, by pressing on a button) just at the right time in order to minimize catching 

vehicles in dilemma zone. Avoiding catching vehicles in dilemma zone entails ending the green when 

vehicles are either too far (leading to a definite stop) or too close (leading to definite pass). The duration of 

green time at each signal phase results in different amount of total delay at the intersection. A phase that gets 

more green than other phases typically gets less delay. 

 

To illustrate these concepts, reproduce the scenario, and get students involved in the control process, we 

designed a multi-level web game for GAP. Considering the student engagement gravity model, the game 

was designed as a multi-level 3D game to increase students’ interest and make the scenario easier to 

understand.  Naturally, people learn by interacting with environment[5]. In the design of this game, we 

created a virtual environment which can be explored by students and provide them with feedback. 

Specifically, this game demonstrates a scenario of a signalized intersection as shown in Figure 1. 
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Figure 1. Game User Interface 

 

The GUI includes three groups. The left panel shows the current scenario settings state. It gives players 

instructions to configure maximum and minimum green times and inform players about the traffic level in 

the current level. The middle panel shows a counter that shows the time left to max out of green. It starts 

from maximum green time and counts down to 0. The right panel group shows the name of player, current 

level of the game, current level feedback (number of vehicles caught in dilemma zone and delay), historical 

scores (accumulated and average number of vehicles caught in dilemma zone and delay in the current level), 

configuration of the controller (maximum green time, minimum green time), and control button (stop, re-

play current level, next level).  

 

Students can change the configuration of the controller, stop green, and can navigate the scene. Students can 

only stop green between the minimum and maximum green times. When the green time is less than the 

minimum green time, the stop button is deactivated. When green time reaches the maximum green time, the 

counter shows 0, and the phase changing procedure will be activated. In the phase changing procedure, the 

green stops, and the signal light would change to yellow and then red; most vehicles would slow down 

except for the vehicles which have already passed the dilemma zone; the vehicles caught in dilemma zone 

will change their main color to red while others will change to green; and the control panel shows the 

number of vehicles caught in dilemma zone and the total delay for the current signal timing. Green vehicles 

represent safe vehicles in terms of dilemma zone issue. Students can adjust the camera and navigate the 

scene to get a better view so that they can make a better decision. For a better understanding of the gameplay 

operation, the control flow chart is shown in Figure 2. 
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Figure 2. Game Control Flow Chart 

 

In addition, researchers are able to get the game data of students. The game data include scenarios that every 

student player experienced, the play and settings data, and their score for each trial. With these data, 

statistical analysis can be conducted. 

 

B. Implementation 

To achieve the functionality of the game, we built a “fat client” system (where most of the process is 

implemented at the client side). The architecture of the game system is shown in Figure 3.  
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Figure 3. Architecture of the Game System 

 

The game is embedded in the web page, but all the functions and visualization of the game is achieved by 

the Unity Web Player. The Unity Web Player is a plugin of browser that is suitable for multiple browser 

(e.g., Internet Explorer, Firefox, Chrome, Safari, Opera). The client requests the game file from the web 

server. After the game file is cached from the server, the Unity Web Player will interpret the file and run the 

game. In the client part, we use HTML and javascript to host the web page and introduce the Unity Web 

Player. The Unity Web Player renders the scene, reacts to the operation of players, and communicates with 

the web server. The client part of the game is programmed with C#, but the game file is compounded with 

C# script, 3D models, and textures etc. The web server part is implemented in ASP.net together with MS 

Access as database. It responds to requests from the client and stores data if necessary (e.g., register data, 

gameplay data). 

 

In order to prevent boring students, the scenario is different each time the student plays. This is achieved by 

random arrivals of vehicles. The arrivals of vehicles follow Poisson distribution with the parameter of traffic 

flow. The random number seeds of each level is uploaded and stored in the database so that the scenario can 

be regenerated by the researcher.  

 

To mimic a real scenario, we put a queue before the intersection at the beginning of green and use a car-

following model to simulate the driving behavior. When the green starts, vehicles start accelerating one by 

one. The arriving vehicle will slow down if the queue has not been discharged.  

 

Two tables are used to store data in web server (shown in Table 1, Table 2). The user information table is 

used to store registered user’s login information. When a student registers for playing game, a record will be 

inserted and would be used to verify students’ identity when they try to login. The gameplay table is used to 

record all the gameplay data for each play. From this table, students’ effective operations and performances 

can be observed. 
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Table 1. User Information Table 

Field  Data Type Meaning 

ID AutoNumber key 

UserID Short Text Player's user name 

psw Short Text Player's password 

 

Table 2. Gameplay Table 

Field  Data Type Meaning 

no AutoNumber key 

UserID Short Text Player's user name 

_level Number Level of this record 

_DZ Number Number of vehicles caught in dilemma zone 

_delay Number Total delay in the current signal timing 

_logTime Date/Time Time of uploading this record 

_seed1 Number Seed of random number for lane 1 

_seed2 Number Seed of random number for lane 2 

_timeleft Number Time left before max out 

max_time Number Maximum green time 

_angle Number User's camera angle 

_zoom Number User's field of view 

 

 

2.3 Experiment  

The sample of this experiment consists of 40 undergraduate engineering students enrolled in the class of 

Introduction to Transportation Engineering. The experiment was approved by the Institution Review Board 

(IRB). The students taking the experiment were given extra credit regardless of how well they did.  

The students were asked to take an untimed quiz of 10 questions before the game (two questions related to 

each level of the game), played the game, and took the same quiz again. Students were not able to see their 

scores in the quiz. This was done intentionally so that we could safely attribute the improvement in quiz 

scores to game play. The quiz was designed by the research team with questions that are related to the 

concepts that students need to learn from different levels of the game. The experiment was conducted at a 

weekend before the end of semester. All of the experiment was conducted online. The chosen location and 

time to participate in the experiment was flexible. Each student was given enough time to explore and play 

the game. The questions are in the form of multiple choice which is objective and easy to manage. An 

example of a question is shown in Figure 4. 
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Figure 4. Screenshot of One Question 

 

3. Result and Discussion 

608 data points were collected from the game server, showing 608 trials by different students. 

This data was combined with the quiz data and formatted for analysis in SAS JMP software [6]. 

The first analysis we conducted is shown in Figure 5, where a matched pairs t-test was used to 

test the significance of playing the game using repeated measures analysis. The mean difference 

shown in the figure is 0.95, which is significant at the 0.0051 level. This result shows that 

playing the game significantly improved the quiz scores as a whole.  

 

 

Figure 5. Matched Pairs Analysis 
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Next, we conducted a screening analysis to determine the correlation between each factor. A 

visual display of the number of times a student played (surrogate for engagement), student’s final 

score in the class (surrogate for their learning capacity), and game level (surrogate for 

information intensity) is shown in Figure 6. It can be observed in the figure that the engagement 

of students with a final score of less than 80 (C students) had a different pattern from students 

who have a final score that surpassed 80 (A and B students). This is one preliminary finding of 

this research and could be interpreted as that less prepared students (e.g., C students) found 

equivalent stimulation in all levels of the game, whereas better prepared students could only be 

stimulated by levels of the game that provided information they did not already know. It should 

also be noted that different students were more stimulated by different levels, which can be 

interpreted as that different students needed better clarifications of different concepts. For the 

following analysis, we focus on the right cluster of the data in Figure 6 to further examine the 

proposed gravity model.  

 

Figure 6. Screening Analysis with Scatter Plot 

 

Figure 7 and Figure 8 show the leverage plot and significance statistics, respectively. Both 

figures show that the proposed model with numberPlayed as a dependent variable, and 

finalScore, level, and scoreIncrease as input variables is significant at the 0.0006 level. Next, we 

repeated the analysis after removing all insignificant factors and interactions and keeping the 

three input variables only. The results shown in Figure 9 indicate that the student finalScore and 

Level were significant. The scoreIncrease, variable measuring the amount of new knowledge was 

not significant. This might be due to the limited amount of quiz data and should be tested in 

future research.  
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Figure 7. Leverage Plot  

 

 

Figure 8. Significance Testing 

P
age 26.60.12



 

Figure 9. Model Parameters 

Figure 9 also shows the prediction expression of the proposed gravity model for the selected 

sample. The positive sign associated with the final score indicates that the better the student the 

more they are likely to show more interest and engagement. The negative sign in game level 

shows that less incremental interesting information was provided in each further level. The 

positive sign associated with the scoreIncrease suggests that the more information density 

available in the game, the more interest and students’ engagement it triggers.  

4. Conclusion and Future Work 

In this paper, we introduced a student’s engagement gravity model to improve GAP. In the guidance of this 

model, a multi-level web game was designed, developed and deployed. Then we conducted an experiment 

to examine the effectiveness of this game. The results showed that: 

1- The game was effective in improving students learning 

2- C students were equally stimulated by all levels of the game 

3- A and B students were stimulated by levels of the game that provided information they 

did not already know.  

4- Different students were stimulated differently by different levels  

5- The proposed gravity model was found significant 

6- Students learning capacity and game level were found significant 

The next step of this research is to examine the impact of more microscopic behaviors of students in GAP. 

A wider range of experiments need to be conducted to achieve a better calibration of the proposed gravity 

model. 
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