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Abstract Technology in the classroom is changing the way educators teach. When
a serious game is combined with a pedagogical learning strategy the probability of
learning and synthesizing new concepts can become much greater. In this work we
take the concept of learning about one’s carbon footprint and combine it with the
step by step process of Bloom’s Taxonomy, a proven and well-established learning
method, and incorporate it into a serious game. The objective is to demonstrate that
learning in this way will result in higher learning motivation and a better under-
standing of the subject matter. In the game the player needs to reduce their carbon
footprint in an office building. Unlike in a traditional classroom where the student is
only a receiver of knowledge, in this serious game the student has a more direct
experience of the subject, eliciting good decision making and improving subject
comprehension.

Keywords Serious game � Blooms taxonomy � Carbon footprint � Green house
gases � Sustainable practices

1 Introduction

Bloom’s taxonomy is largely applied in course design. The Bloom’s taxonomy
criteria are knowledge, comprehension, application, analysis, synthesis and evalu-
ation. Here every task of this game is implemented by considering the five levels of

U.V. Archana (&)
Amrita E-Learning Research Lab, Amrita Vishwa Vidyapeetham, Amritapuri,
Kollam, India

A. Rajeshwaran � K. Bijlani � R. Jayakrishnan
Amrita E-Learning Research Lab, Amritapuri, Kollam, India

M.L. McLain � B. Rao
AMMACHI Labs, Amritapuri, Kollam, India

© Springer India 2016
N.R. Shetty et al. (eds.), Emerging Research in Computing, Information,
Communication and Applications, DOI 10.1007/978-81-322-2553-9_9

89



Bloom’s taxonomy. For implementing each criteria different scenario is considered
within the game.

Due to globalization and rapid industrialization, commercial establishment is
utilizing a lot of energy whose source is mostly fossil fuels. As a result large
amount of greenhouse gases is emitted into the atmosphere. The emission of these
gases leads to global warming and overall environmental degradation. This game
focuses on the reduction of usage of electricity and greenhouse gas emission within
a building and its surrounding. The game play teaches the use of energy efficient
technologies and sustainable practices will reduce carbon footprint. The technolo-
gies such as photovoltaic cell, biogas plant, various kinds of sensors, renewable
energy sources, furniture made up with bamboo, etc. encompassing the overall
concept of “Reduce, Recycle and Re-use.”

Bloom’s taxonomy’s levels are incorporated here because they can provide a
step by step manner of content delivery. Effective learning is always happening in a
step by step manner. It starts from the basic level and reaches the higher level.
Every task is linked with another task. This pedagogical aspect plays a major role in
the dissemination of the concept of sustainability in this game. The task of the game
starts with the knowledge level of the Bloom’s taxonomy.

Knowledge is the lowest level of Bloom’s taxonomy. This level is incorporated
in this game by providing a chance—a pretest to the player to memorize what he
has already learned. Comprehension—the translation of knowledge from one for-
mat to another is built-into the game with the replacement of existing technology
with the new one. Application is the response of the learner to a particular problem,
which is included as choosing an option of new technology. Analysis is the level in
which analysis of each action taken place happens. The player analyses the tech-
nology, chosen one by one, on the basis of carbon footprint and energy con-
sumption. As Synthesis is building an application on the basis of what he learned,
here the player is given a situation to assemble the technologies on the basis of
carbon footprint and energy consumption. Since the player can judge himself by the
post-test conducted after the game play, the Evaluation level of Bloom’s taxonomy
is directly not included in this game.

Serious game is a tool which provides a virtual environment for learning com-
plicated real world problems through gaming. Here students learn serious game
concepts like sustainable building while playing. Through this game students will
learn about several environmentally sustainable and energy efficient technologies.

According to [1] Game design, the game should provide an outcome along with
the process. In this game the player will have the options to choose various tech-
nologies which can reduce the carbon footprint and bring overall efficiency in the
entire system and implementing sustainable energy practices like renewable energy
sources inside and in the vicinity of the establishment. The efficiency of various
technologies and methods can be measured in terms of carbon footprint. Carbon
footprint is the total amount of greenhouse gases produced to directly and indirectly
support human activities, usually expressed in equivalent tons of carbon dioxide
(CO2) [2].
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The various technologies are assigned to various scores, in which the technology
has the least carbon footprint and less energy consumption has the highest score. On
choosing the technology, there is a pop up box which shows the corresponding
technology’s energy consumption and carbon footprint.

2 Related Work

Serious game has a great scope in the field of sustainable building. Korina katsaliaki
and Navonil Mustafee conducted a survey [3] to show that serious game is a
superior tool to teach sustainability compared to traditional teaching methods. This
paper focuses on learning and teaching sustainable development in an educational
context. Serious games can be considered as one of the training methods to increase
awareness. Here the learners can experience situations that are impossible in the real
world for safety, cost, time. Based on the survey of Sustainable game evaluations
they founded that the objective is easily achieved for various age groups and also
serious games improve the leaner’s analytical skill, spatial skill, strategic skill,
insight, psychomotor skill, decision making, self monitoring, problem recognition.
Thus the serious game can be a best teaching tool for sustainability among students.

The rate of carbon in the atmosphere is increasing. There are companies that are
making efforts to reduce their carbon footprint; one example is the telecom industry
[4]. With the help of the Alliance of Telecom Industry Solutions (ATIS) they bring
together the subject matter experts from various service providers and equipment
manufacturers and put forward some energy efficiency standards where they con-
ducted a study on the basis of the carbon footprint from various industries in
various countries. They are using a Greenhouse Gas Emissions Inventory to
determine the carbon footprint of various companies. They are suggesting methods
such as waste recycling, using energy star equipments, and renewable energy
source used to reduce the carbon footprint. These methods are used in my game to
reduce the carbon footprint of plastic furniture and electronic equipments. Research
shows that gamification provides better learning than traditional learning [5].

The discrepancy in carbon storage and carbon boundary shows a significant
difference in global warming on considering the comparative study of different
methods EPD, PAS 2050, and ISO LCA [6]. The usage of wooden products does
not contribute much to the carbon footprint. In the proposed game wooden furniture
is used as one of the methods to reduce the carbon footprint of furniture.

Bloom’s taxonomy criteria are used as a course designing tool. For making
learning simple the entire course topics are divided into six on the basis of the levels
in Bloom’s taxonomy [7]. For each level they made the learning of each game
simple. The knowledge level game is provided for the beginners, as the level of
player goes on then the game level provided to the player is also increases. This
clearly shows the learning is happening in step by step manner.
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3 Solution Approach

On the basis of the criteria in Bloom’s Taxonomy the game is designed with the
Unity game engine. The player gets motivated with scores. It can be intrinsic or
extrinsic motivation. Various criteria of Bloom’s taxonomy is included into this
game. Each movement in this game is designed according to the levels of blooms
taxonomy.

3.1 Game Flow

• At first the player is provided with instructions, play and quit buttons. He can
choose instructions or he can play the game or he can quit. On clicking the play
button there is a pretest incorporated in the form of a quiz section. The pretest,
which is comprised of three questions, checks the prior knowledge of the player.
Here he recalls his memory and selects an option for every question.

• Before the game play starts, the player gets to know about the pre-test score.
Every correct answer is awarded with a score of fifty. It should be noted that,
this score is not taken into account with the total score of the player.

• The game has three levels. Interior of school and office building is the envi-
ronment taken for first level. Interior of cafeteria is the environment for second
level. Vehicles and office premises are the environment for third level. These
environments are chosen for different levels because these are the areas that
contribute carbon foot print into the atmosphere from our day to day life.

• On choosing level 1, the interior of the building with plastic furniture will open
with the incandescent lamps burning and centralized air conditioners running.
Desktop computers switched on with and without users are also brought into
picture.

• To make the learner aware of carbon footprint and energy consumption the
game play starts with the element Lamps and proceeds further with
Centralized AC, Desktop computers and Plastic furniture respectively. On
moving the mouse pointer to each of these, its carbon footprint and energy
consumption will appear as a pop up.

• The game play is replacement of existing elements with the newer one. To
support the player, newer technologies and methods having less carbon footprint
are listed. The player gets maximum score by choosing the technology or
method with least carbon footprint. The other listed technologies or methods are
also awarded with score corresponding to its carbon footprint.

• As the game play starts with the incandescent lamps burning, the listed tech-
nologies and methods for replacing it are natural lighting, light emitting diode,
chloro fluoro light and halogen bulbs. On clicking any of them the carbon
footprint and energy consumption of the particular technology or method will
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appear as a pop up. After replacing, the score of that technology chosen will
appear in the next screen.

• Figure 1 represents the replacement of incandescent lamps with new technol-
ogies. Figure 2 represents the score of the player attained after replacing
incandescent lamp with LED lamp. Here the score for natural lighting, light
emitting diode (LED), chloro fluoro lamps (CFL), and halogen bulbs are 50, 40,
30, 20 respectively. The game play of other elements also proceeds in a similar
fashion.

• The technologies and methods to replace the centralized air conditioning are
fans, natural ventilation, air conditioners and usage of sensors. Figure 3 repre-
sents the replacement of centralized air conditioners. Figure 4 shows the score
after replacing the centralized air conditioner with fan.

• Likewise, to replace the system related gadgets the technologies listed are use of
laptop computers; switch off when not in use and reduction in the number of

Fig. 1 Replacement of
incandescent lamp with led

Fig. 2 Score of the player
after replacing the first
element
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gadgets. Figure 5 represents the replacement of desktop computers. Figure 6
shows the score after replacing desktop computers with laptops.

• To replace the final element, Plastic furniture, the technologies and methods
listed are recycling plastic, wooden furniture and bamboo furniture. Figure 7
represents the replacement of plastic furniture. Figure 8 shows the score after
replacing plastic furniture with recycling plastic.

• After the replacement of four elements, total score of the player will be dis-
played. Figure 9 shows the total score after the game play.

• A minimum threshold is defined for the player to move to Synthesis phase of the
game play, failing to which the player needs to repeat the process of replacement

• On attaining a total score beyond the minimum threshold, the player needs to
reflect the knowledge acquired (For example, suggest the best carbon free
technologies for the interior design of an office).

• The player advances to post-test after the Synthesis phase. The post-test com-
prising of objective questions, provides the player with self assessment. The first

Fig. 3 Replacement of
centralized airconditioner
with decentralized
airconditioner

Fig. 4 Score of the player
after replacing the second
element

94 U.V. Archana et al.



level ends with the post-test. The game play progress with level 2 and 3 by
choosing the replacement strategy for cafeteria and vehicles and office premises
respectively. The flow of the game can be easily understood from the Fig. 10.

Fig. 5 Replacement of
desktop computers with
laptops

Fig. 6 Score of the player
after replacing the third
element

Fig. 7 Replacement of
plastic furniture with
recycling of plastic
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Fig. 8 Score of the player
after replacing the fourth
element

Fig. 9 Total score

Fig. 10 Flow diagram
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As mentioned earlier, the five of the six levels of Bloom’s Taxonomy is used to
design the game play as follows. The pre-test, game play, process of replacement
strategy, comparing the technologies after the process of replacement and sug-
gesting the learning outcome to a given situation corresponds to the Knowledge,
Comprehension, Application, Analysis and Synthesis levels of Bloom’s taxonomy
respectively.

4 Experimental Results

This section includes the experimental results of comparing traditional and game
based leaner. The proposed solution to teach the concepts effectively using GBL,
the topic carbon foot print reducing technologies and methods have been chosen.
The game provides information about various technologies which reduce carbon
footprint and energy consumption. It can improve learner motivation in various
approaches. Rewards and levels are to motivate the learners. Usage of appropriate
challenge can avoid boredom. Motivational factors in a single player game and a
multiplayer game are different. The elements in the game are interconnected. The
scores are the rewards, in the proposed game. Whenever the player chose a tech-
nology or method he gets score and scores maximum when the chosen technology
is the most appropriate method to reduce carbon footprint.

For the experimental setup, high school students of rural area were grouped into
two groups of eight students each. One group was subjected to traditional teaching
sessions and the other to GBL. On completion of these sessions, the two groups
were given an objective test and was evaluated. From the analysis of the scores
obtained, it has been found that scores of the students who learned through the
game is higher than the scores of students who learned in the traditional classroom.
Figure 11 shows the analysis of scores.

Fig. 11 Analysis of the student’s score
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Bloom’s taxonomy’s various levels affect the cognitive domain of the player
through recalling in the quiz section of the game, psychomotor domain through
applying the appropriate technology from the list of options provided and affective
domain through scores awarded for each technology. It can guide the player from
the very basic learning skill, memorizing to synthesize the best technology to the
situation provided.

5 Conclusion and Future Extension

This pedagogical serious game is a great technology for learning the methods and
technologies which reduce the carbon footprint in classrooms and office rooms.
Reduction of carbon footprint with the technologies and methods can be demon-
strated effectively and efficiently in this game using a learning method such as
Bloom’s Taxonomy. Knowledge, Comprehension, Application, Analysis levels
provide the awareness of carbon footprint of various electrical and electronic
devices and the Synthesis level nominates the player to synthesize in a given
situation. Serious games help the learner to understand the underlying concept in a
profound way. Serious games are an emerging tool of education because the
concept is comprehended by the player at a deep level without the risk of boredom.
The decision making ability of the player is improved as they replace of each
devices which have a large carbon footprint with a newer one that saves more
energy. When serious games are blended with pedagogy the motivation and deci-
sion making ability of the player improves.

Future work will include further implementation of methods and technologies in
level 2 and level 3 which reduce individual carbon footprint through their lifestyle
and food style.
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