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ABSTRACT 
Poor literacy remains a barrier to economic empowerment in the 
developing world. Of particular importance is fluency in a widely 
spoken “world language” such as English, which is typically a 
second language for these low-income learners. We make the case 
that mobile games on cellphones is an appropriate solution in the 
typical ecologies of developing regions. The challenge is to 
design e-learning games that are both educational and pleasurable 
for our target learners, who have limited familiarity with high 
technology. We propose the receptive-practice-activation cycle 
that could be used as the conceptual model for the designs. We 
then report how this format could be refined, based on our 
experiences in the field with three games that have collectively 
undergone nine rounds of iterations. In particular, it appears that 
maintaining a distinction between learning and fun to some extent 
is necessary for effective designs. 

Categories and Subject Descriptors 
H.5.m [Information Interfaces & Presentation]: Miscellaneous 

K.3.1 [Computers and Education]: Computer Uses in Education 
– Computer-assisted instruction 

General Terms 
Human Factors. 

Keywords 
Cellphone, Developing world, Digital divide, Games, E-Learning, 
English as a Second Language, Language learning, Mobile 
games, Mobile learning, Serious games, Third world. 

1. INTRODUCTION 
Low literacy remains a barrier to economic empowerment in the 
developing world. English is widely seen as a key to economic 
success [18]. English is taught in almost all schools in India: as a 
second language in public schools, and as a first language and the 
medium of instruction in most private schools. Fluency in English 
can almost be equated with membership in the middle and upper 
classes [9]. A recent article states that mastery of English is the 
“single most influential factor [in India] that determines access to 
elite educational institutions, and hence to important avenues of 
economic and social advancement” [17].   
More broadly speaking, the literature [8], our conversations with 
international development professionals in Africa, Asia and Latin 
America, and further experiences in the field indicate that a large 
proportion of low-income populations in these places desire to 
improve their command of an appropriate “world language.” 
English is certainly one of these, as is Mandarin and Spanish. But 
even in countries where such a language is an official “national 
language,” many speakers (inevitably the least empowered) have 
a different native language, and many regional languages (let 
alone dialects) are often spoken. In India, Hindi and English are 
official “national languages,” but Hindi is native to only 20% of 
the population; there are 18 major regional languages. Fluency in 
a “world language” opens the door to further education, a larger 
regional (or world) marketplace, to “new economy” jobs, and 
often improves access to government, health and legal services. 
Unfortunately, public schools in developing regions face several 
difficulties, especially with ESL (English as a Second Language). 
From nation-wide surveys in India [1] and our fieldwork in the 
poorest state of the country, two significant factors stand out. The 
first is non-regular attendance in schools owing to the need for 
students to work for the family. The second is the qualification of 
ESL teachers in poor schools, who usually cannot communicate 
with us in English without the help of interpreters. 
We believe that ESL learning games on cellphones can potentially 
address the above challenges, especially when the cellphone is the 
fastest growing technology platform in the developing world that 
is reaching even the poor population. We believe that learners can 
improve their ESL skills by using mobile devices in out-of-school 
settings, at places and times that are more convenient than school 
hours. We also believe game-like design can improve enjoyment 
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of the learning experience and foster spontaneous adoption. The 
use of videogames for education in developing regions is not far-
fetched. At least two non-government organizations, Pratham and 
the Azim Premji Foundation, have used computer games in their 
initiatives for children in the urban slums and rural areas of India 
respectively. Most important, a large-scale evaluation by 
Pratham1 showed significant gains on mathematics test scores 
from playing computer games that target math learning [4]. It is 
plausible that similar learning outcomes can be replicated using 
mobile games that target ESL. We also believe many of our 
lessons will transfer to other languages.  
A longstanding issue is the tension between learning and fun, and 
the challenge that designers face in balancing both of these (often 
conflicting) concerns when designing e-learning games. From our 
experience, designing such games that target low-income learners 
in the developing world is considerably more challenging due to 
their lower levels of familiarity with technology and videogames. 
The American psychologist Jerome Bruner proposes the notion of 
the format [7], which is the structure of an activity that is familiar 
to the learner. Of particular importance is the security provided by 
the familiarity of the format that facilitates the acquisition of new 
knowledge and language.  
In this paper, we present the receptive-practice-activation format 
which constitutes the conceptual model behind our game designs. 
We then report on how this format could be refined so as to 
balance the learning and motivational needs of our target learners, 
based on our experiences in the field with three games that have 
collectively undergone nine rounds of iterations. 

2. BACKGROUND 
At the time of writing, we had concluded five field studies since 
2004 [13]-[16] with children from the urban slums and rural areas 
of India, and were beginning the 11th week of our sixth field 
study with the same demographics. The first three studies were 
exploratory in nature and were intended to help us learn first-hand 
about the everyday learning contexts of our target learners as part 
of a broader needs assessment. Our small-scale experiments with 
various ideas for technology-assisted learning during these studies 
eventually led us to formulate the idea of mobile learning for ESL 
on cellphones. In the two follow-on studies, we investigated the 
feasibility of using mobile games to provide an engaging learning 
experience.  

Each of the first five studies lasted two weeks, while the sixth was 
substantially longer. Our goal in the latter was to perform frequent 
iterative prototyping in the field while immersed in the local 
culture. Our fieldwork was assisted by bilingual interpreters. 
Local researchers also participated in later studies to lend a deeper 
understanding of the local cultural context to the team. 

We will not revisit previous published results in this paper unless 
it is necessary to provide the necessary background information. 
Instead, we begin, by presenting in the following subsection, the 
design for a parrot game that is new and which we deployed in the 
fourth field study. We will then describe, in the next section and 
after, how this design underwent one iteration during the fifth 
study and informed our designs for two subsequent ESL learning 

                                                                 
1  A longitudinal randomized experiment over more than two years with 

over 10,000 urban slums students. 

games, namely, Frogger and Floored, which we field-tested 
during the sixth field study. 

2.1 Parrot Game (First Iteration) 
The “catch the parrot” game aims to help learners improve their 
understanding of letter-sound correspondences, i.e. relate letters 
with their sounds. Since our target users could be first-time users 
of cellphones, we designed this game around a conceptual model 
that we reused when designing all future games, so that having a 
conceptual model that is common to all our games is expected to 
promote the learnability of their user-interfaces. In this model, an 
e-learning game comprises several receptive-activation cycles, in 
which the same items such as letters, vocabulary words, etc. are 
introduced to the learner repeatedly in graduated time intervals 
across multiple cycles, as informed by the research literature 
[18][24] on how long-term memory retention works. More 
specifically, every cycle comprises:  

• a receptive phase, which aims to develop competence in one 
aspect of ESL (e.g. alphabet, sight vocabulary, etc.), followed 
by 

• an activation phase, which tests the player on some or all of the 
items “taught” in the preceding receptive phase. However, the 
player will be tested on the items in a sequence that differs 
from the sequence in which they were presented. 

To avoid overwhelming the player with too much new material at 
any time, our model was designed around several short receptive-
activation cycles. In this way, the player is presented with a small 
amount of material. She is then tested on it before she receives 
feedback on her answers. Only then is a new cycle started to 
cover more material – both new and repeated, i.e. from previous 
cycles – until she obtains correct responses on the entire syllabus. 

Figure 1. The receptive phase (left) and activation phase 
(right) in the initial parrot game. The learner was being 

taught “A” among other letters in the receptive phase and was 
tested on the letter “E” in the activation phase shown. 

In the specific case of the parrot game, it attempts to teach three 
letters in any receptive-activation cycle, such that each receptive 
phase focuses on three selected letters. The parrot game combines 
visuals with sound: when teaching a letter, it shows the symbol 
for the letter within the speech bubble of the human sprite (Figure 
1), even as the human moves from one parrot to the next, such 
that every parrot repeats the targeted letter aloud as soon as the 
human has moved beside it. The parrot game is finished with the 
current letter once the human has moved off the screen, and the 
remaining letters are covered until the game has completed all 



three letters for the current cycle. The player then transitions to 
the activation phase, where she is tested on the same three letters. 

In the corresponding activation phase (Figure 1), for the letter that 
the player is currently tested on, the game shows its symbol in the 
speech bubble of the human sprite. Unlike the receptive phase, 
however, every parrot corresponds to a different letter, and only 
one parrot stands for the letter that the player is being tested on. 
The player can move the human sprite from one parrot to another, 
such that the parrot that is currently beside the human says aloud 
the letter that it represents. The player is required to choose the 
parrot that correctly corresponds to the letter that she is tested on. 

The use of multiple receptive-activation cycles in our conceptual 
model was informed by our review of slightly over 35 
commercial language learning packages. The reader can refer to 
[15] for more details. For the audience of this paper, however, the 
issue that is much more pertinent is: to what extent is the 
receptive-activation “format” that we have gleaned from many 
bestselling commercial software applications for First World 
markets applicable to low-income learners in underdeveloped 
regions? What adaptations are required for this format to be more 
relevant for the latter users? To address these questions, we turn 
to our experiences in the field. 

2.2 Experience with Initial Parrot Game  
The parrot game was first evaluated during the fourth field study 
in August 2006 with kindergarten and 1st-grade girls living in the 
urban slums in India. This study took place in an afternoon school 
that was founded and directed by a non-government organization 
(NGO) partner. This program targets girls from the neighboring 
slums who would otherwise not have an opportunity to receive an 
education. Classes are free-of-charge and last 3½ hours every 
afternoon, since students have household duties in the mornings. 
Students are recruited when parents hear about the program from 
word-of-mouth or when teachers make home visits to convince 
parents about the value of formal schooling for their daughters. 

 
Figure 2. The practice phase in the redesigned parrot game. 
The human was next to the parrot that was echoing the /ε/ 

phoneme (pronounced as “air”) for the “E” grapheme. 
The parrot game was one of the three games that we had designed 
to teach the English alphabet, and we deployed these three games 

with 14 kindergarten and 1st-grade students [15]. In general, the 
parrot game and subsequent games that we described in this paper 
were introduced in the following way: at the start of a session, we 
briefed all the learners on the learning goals for that day. We next 
divided the learners into smaller groups of about 7-8 and showed 
them how to play the game that we had scheduled for the session. 
This demonstration lasted 10 minutes, after which a cellphone 
was handed to each child to play the given game.  
We did not observe any major usability problems. But we needed 
to remove the time limit for the “easy” level of difficulty since 
our users were using cellphones for their first time and required 
more time to select their answers. We also believe that our users 
found the games engaging, since they appeared to be so engrossed 
that they did not pay attention to our videotaping them. There was 
also indirect evidence that users were learning the alphabet. They 
did not know every letter prior to gameplay, but most of them 
finished all three games within three days, and it required a 
knowledge of the entire alphabet to complete the games. 
In contrast, our experience in piloting the parrot game with a rural 
population would turn out to be significantly more challenging, as 
we will next report. 

3. PARROT GAME (REDESIGN) 
The parrot game was next deployed in the fifth study in January 
2007 with 24 1st- and 2nd-grade children at a village school in 
Southern India. Like students from the urban slums in the August 
2006 study, none of the participants in the January study reported 
having any experience with videogames or cellphones, but they 
understood what cellphones were. Although the fifth study lasted 
two weeks, the parrot game was deployed for only two days since 
it was tangential to our primary research agenda for January [16], 
which was to investigate how mobile games could be designed so 
as to be engaging and culturally relevant for rural children. 

More specifically, the parrot game was introduced in January as a 
“side project” at the request of the Mysooru Literacy Trust, which 
was the NGO who had “adopted” this school.2 The MLT believed 
that our study participants, who were beginning to learn English, 
should learn phonetics as part of their early literacy curriculum so 
that they are equipped to decode (i.e. read aloud by sounding out) 
words phonetically. We had not designed this game originally to 
teach phonics, but the MLT had seen it in our earlier presentation 
and advised how it could be changed to cover phonemes (i.e. the 
basic units of sound) and their respective graphemes (i.e. symbols 
for individual or clusters of letters). Moreover, the MLT provided 
a syllabus of the grapheme-phoneme pairs that we should cover. 
Finally, the MLT recommended that the parrots in the activation 
phase be visually distinct from one another (Figure 2). This 
change was meant to avoid creating potential confusion since 
each parrot represents and says a different phoneme. 

3.1 Experience with Second Iteration 
We piloted the parrot game as soon as we have iterated on it 
based on the above feedback from our NGO partner. In contrast to 
our relatively smooth experience with urban slums children in 
August 2006, guiding rural children of a similar age bracket to 

                                                                 
2  To avoid confusion, the NGOs that facilitated our fieldwork in 

August 2006 and January 2007 are two different organizations. 



play and learn with it proved to be a more formidable challenge. 
While the former could use the parrot game on their own to learn 
how to pronounce the letters in the English alphabet, the latter 
required our interpreters to sit beside them to coach and provide 
feedback on the pronunciations of the various phonemes. We do 
not think that the reason stemmed from usability or learnability 
issues. This was because we had been familiarizing rural children 
with mobile games and cellphones for more than a week, as part 
of the primary research agenda. In other words, the village 
children were coping reasonably with the cellphone games in the 
January 2007 study by the time we introduced the parrot game. 
Instead, we believe that the rural learners needed adult facilitators 
to assist them in learning with the games because the former had a 
lower English baseline compared to their slums counterparts, who 
had enough exposure to the sound system of the English language 
to benefit from the instruction provided by the parrot game. Some 
background information is necessary here: while slums students in 
the afternoon school receive English lessons in kindergarten and 
more advanced classes and are also exposed to the use of English 
by urban dwellers, the rural school introduces English only in the 
5th grade and hardly any villager speaks English. As such, the 
parrot game appeared to build on the knowledge of the English 
phonemes that urban slums children had, by reinforcing their 
understanding and retention as they repeated aloud after the game.  
In contrast, rural learners appeared to lack this background. They 
depended on their facilitators to repeat the phonemes aloud from 
the game and to distinguish between close-sounding phonemes. 
They also articulated the phonemes less frequently and with more 
mispronunciations than slums learners. In fact, it seemed that they 
realized their errors only when facilitators corrected them. It came 
as no surprise that the current design for the receptive phase was 
inadequate for preparing the rural learners to be tested during the 
subsequent activation phase, when we observed that most of them 
were usually not able to select the correct parrot. 

3.2 Third Iteration  
The above observations that we made on the first day prompted us 
to make two major modifications in the next iteration, which 
came in time for further trials on the second day. First, we 
introduced a “practice phase” (Figure 2) after every receptive 
phase and before its respective activation phase, in order to give 
the learner plenty of exposure to and practice with items in the 
syllabus for as long as she wants. Unlike the receptive phase, in 
which syllabus items are introduced to her at a pre-programmed 
pace, in the practice phase, she has the freedom to switch freely 
between the items for the current cycle by moving the human 
sprite to any of the parrots to listen to its corresponding phoneme. 
In this way, she gains the flexibility to focus in a self-paced 
manner on those items that she is weaker on, so that she could 
more effectively prepare herself for the activation phase. In the 
particular case of the parrot game, this flexibility also meant that 
she could repeatedly listen to more than one parrot until she could 
tell their phonemes apart. 

Second, we introduced user-interface controls for the facilitator in 
the receptive, practice and activation phases in the form of left 
and right soft keys on the cellphone keypad (Figures 2 and 3). 
These soft keys are labeled “Exit,” “Start” and “Play” and provide 
the facilitator with more control over the flow of the parrot game. 
For instance, the Exit functionality was added to make it easier 

for the facilitator to quit and restart the game should she learn that 
the learner lacks the prerequisite knowledge for the current phase 
and needs to return to an earlier phase to relearn the basics. 
Similarly, the Start button was added to the receptive phase at the 
request of the facilitators to enable them to start this phase 
explicitly. They commented that students were not always ready 
to concentrate on the pre-programmed instructional sequence in 
the receptive phase and were often caught off-guard when a 
receptive phase began, possibly because rural learners lacked 
familiarity with interactive software to realize that the end of an 
activation phase is always associated with (and followed by) the 
start of the receptive phase for a new receptive-practice-activation 
cycle.  

 
Figure 3. The user-interface controls for the adult facilitator 

in the receptive phase (left) and activation phase (right) of the 
redesigned parrot game. 

We also made other modifications in response to feedback from 
the facilitators. For example, since learners repeated the 
phonemes aloud after the game, we slowed down the audio 
playback of the phonemes in the receptive phase by increasing the 
pause intervals between phonemes. The additional delay gave 
learners, especially those who were less confident or prepared, 
more time to struggle with the grapheme-phoneme associations 
and the pronunciations. It also enabled facilitators to provide 
more thorough explanations, corrections and feedback. Likewise, 
because the cellphones were held nearer to the child users than 
their facilitators in many cases, we increased the font sizes to 
enhance visibility for the latter.  

After the parrot game was deployed on the second day with the 
above revisions, the facilitators told us that the changes made it 
easier for them to guide the rural children in learning phonetics. 
The facilitators also reported that the children were learning what 
they covered. However, based on the results of a recall test that 
we conducted immediately after the deployment, we found that 13 
of the 25 students who had played the game did not remember 
any of the 7 phonemes that were covered. Two more students did 
not feel confident enough to respond to the test questions. Among 
the 10 remaining students, the average number of phonemes that 
each of them recalled correctly was 1.5 out of 7. It was plausible 
that learners needed more than a day to develop a stronger grasp 
of the material before learning effects would show up on formal 
tests. The more likely reason for the poor test performance, 
according to the facilitators, however, was that the learners had 
perceived the parrot game as an application to be played for 
pleasure, versus learning. They drew this conclusion from 



observations of how the children were focused on having an 
enjoyable time with the game without putting in the time and 
effort to remember the material. 

The refined conceptual model that revolved around the receptive-
practice-activation cycle was not without its own drawbacks. The 
most significant problem was that the game with three phases was 
comparable to an application that has three different modes, and 
modes have been widely acknowledged as a common cause of 
usability problems. Worse, because we wanted to situate all three 
phases in the “catching the parrot” setting, we were constrained to 
maintain as much of the same “look and feel” for all three phases. 
As a result, the rural learners found it difficult to see which phase 
they were in, possibly due to their limited computing experience. 
We tried to address this issue by having three distinct background 
colors for every phase, and with affordances such as arrow signs 
for the human sprite in phases where the user is allowed to move 
it, but it remained difficult for the learners to associate the current 
screen with the phase that they are in. It would take one more 
field study to find a satisfactory solution to the above problems. 

4. FROGGER AND FLOORED  
Our next field study took place throughout eight weeks in South 
India, at the same rural government school as January 2007. We 
designed and implemented a broader range of applications so that 
we could target a more comprehensive curriculum beyond the 
alphabet and phonetics targeted in the parrot game. After which, 
we iterated on the game prototypes based on our experiences with 
them in the field. Among those applications that we tested in this 
period, we focus on Floored and Frogger in this paper since their 
designs build on the above lessons most. Our experiences with 
both games are expected to yield additional insights for designing 
e-learning games with lower-income learners in India that balance 
entertainment with education.  

 

Figure 4. The activation phase in the initial iteration of the 
adapted Frogger (left) and Floored (right). The player was 

helping the selected animal (i.e. the rabbit) to cross the road in 
Frogger, and flipping tiles to show the cat in Floored. 

Whereas the parrot game targeted letter-sound correspondences, 
Frogger and Floored aimed to develop the learner’s vocabulary in 
spoken English. Their syllabi were adapted from the 
government’s recommended syllabus. This time, we came with 
more cellphones than in January so that we could include all the 
students from the school in our research study. The larger sample 
size enabled us to avoid evaluating subsequent iterations of the 
games with the same students all the time, i.e. learning effects. In 

all, 47 students from grades 2 to 5 took part in the study, while 1st 
grade students had to be excluded since they were undergoing 
registration for school. 

4.1 Game Designs (First Iteration) 
The original Frogger and Floored games were not designed with 
ESL learning in mind. We decided to adapt on their designs and 
incorporate ESL learning material into them after we learned from 
January 2007 that both of them were the two most popular games 
among the eight games that we tested with the same children [16]. 
Our adaptations revolved around the receptive-practice-activation 
cycle that had evolved from the above field trials with the parrot 
game. With this cycle, the advantage is that we can introduce new 
words to learners and give them more exposure to the same words 
at their own pace, before testing their newly-acquired knowledge 
by having them apply it to accomplish goals in a game setting. In 
contrast, educational software that target markets in the developed 
world do not usually include features resembling the receptive 
and practice phases, which is not a grave omission for middle-
income learners who typically have well-educated parents and 
teachers.  

For clarity of exposition, we will describe the activation phase for 
both games (Figure 4) before their preceding phases (Figure 5). In 
the original Frogger game, the goal was to help a group of 
animals cross the road one at a time without getting run over by a 
vehicle. We adapted Frogger to target the English vocabulary for 
everyday animals, such that when an activation phase begins, the 
game says the word for one of those animals at the bottom of the 
screen. The player needs to select and help the correct animal 
cross the road. 

In the original Floored, the goal was to flip the floor tiles until all 
the tiles are facing up with the same side showing. There are two 
or more states associated with each tile, such that when the player 
moves the ladybird sprite to a new tile, the destination tile flips to 
display its next state. We adapted Floored such that whenever an 
activation phase begins, the game plays a word aloud. The player 
has to flip the tiles such that all of them show the picture for that 
word. In doing so, we adapted Floored for vocabulary building, 
especially for nouns and verbs that could be conveyed pictorially. 
For the study described in this paper, we reused the same content 
from Frogger in Floored to develop vocabulary related to animals. 

In Frogger, during any receptive phase, the spoken English words 
for three animals are taught. These animals are first shown on the 
bottom lane on the screen, and each animal crosses the road as the 
game says the word corresponding to it. The audio playback takes 
place twice – once at the normal pace and again at a slower pace 
to help the learner follow its pronunciation more accurately. As 
we have discovered in January 2007, pronunciation is particularly 
difficult for our target (rural) learners and we expected the slower 
audio replay to benefit them. In addition, to make it more intuitive 
to the player that the audio playback refers to the animal that is 
currently being taught, a caricature of the player’s school-teacher 
is shown in the top left-hand corner. It enlarges and then reverts to 
its normal size whenever a word is played back, so as to create the 
impression that the teacher character is teaching the spoken word 
for the animal. We will touch more on the caricature below. 

Once all three animals have crossed the road, the receptive phase 
transitions to the practice phase, where a bicycle moves onto the 



screen. The bicycle acts as a “pointer” which the player can move 
to the left or right such that it is always next to one of the three 
animals who are now on the top-most lane on the screen. Each 
time the bicycle moves beside an animal, the game shows a larger 
image for that animal and plays the audio for its word. In this 
way, the player gets as much exposure to the spoken English 
words for the animals that she needs. Unlike the activation phase, 
however, there is no vehicle traffic in the receptive and practice 
phases to avoid distracting her from vocabulary learning. 

On the whole, our adaptation of Floored differed from Frogger in 
three significant ways. Firstly, whereas Frogger’s receptive phase 
was situated in the “road crossing” game setting, in the hope that 
immersing vocabulary learning within a game setting would make 
the learning experience more pleasurable, we situated Floored’s 
receptive phase in the classroom setting, such that the caricature 
of the teacher at the bottom left-hand corner of the screen would 
say the spoken English word for the picture in her speech bubble. 
We were not satisfied with this design at that time, but could not 
ideate a less mundane receptive phase that continued to leverage 
Floored’s game setting. The differences in the receptive phases in 
both games turned out to have important consequences, as we will 
discuss shortly.  

 
Figure 5. The receptive phase in the initial iteration of the 
adapted Frogger (left) and Floored (right). In Frogger, the 

player had been taught “cat”and was being taught “rabbit.” 
In Floored, she was being taught “cat.” 

To add, coming back to the caricature of the teacher, the English 
words in Frogger and Floored were recorded using the voice of 
the teacher in the caricature. This was because our participants in 
the January 2007 study did not always heed the audio prompts in 
another application.3 These prompts were recorded in the voice of 
a team member whom the children did not view to be an authority 
figure, and they would tease, bully and even pinch her. Hence, we 
wanted to investigate if the voice recordings of a more confident 
stranger, or that of an authority figure (e.g. the children’s teacher) 
accompanied by her caricature, could better engage the children’s 
attention. This idea came from our NGO partner, who believed 
that participants would take the audio recordings more seriously if 
they recognized the recordings to be in their teacher’s voice.  

Secondly, mindful of the above difficulties that players in January 
had with distinguishing between the three phases in the receptive-
practice-activation cycle, we integrated the practice phase with 
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of further relevance. 

the activation phase, i.e. we did not design a separate practice 
phase. Instead, in the activation phase, each movement of the 
ladybird is accompanied by the audio playback of the word that 
corresponds to the new picture displayed on the destination tile. 
The player therefore receives additional exposure to the words 
corresponding to the tiles as she moves the ladybird around the 
board. The audio playback in the activation (and practice) phase 
took place at the normal pace while playback in the receptive 
phase took place at a slower pace. We would have liked to cut 
down on the number of separate phases in Frogger, but we needed 
to work within the constraints of the game rules (since we wanted 
to build on a game that has been shown to appeal to our target 
users) and could not think of how the settings for any two phases 
could be integrated naturally. 

Thirdly, we needed to make the transition from an activation to a 
receptive phase more evident so that learners would not be caught 
unprepared when an activation phase was over and they needed to 
focus again on the instructional sequence in the ensuing receptive 
phase. Our solution in Floored was a simple “You Win!” splash 
screen that required the user to hit a button to continue to the 
receptive phase. It was informed by the January study, when users 
showed off the level completion screens in their mobile games to 
adults like us, as a means of gaining our approval and recognition 
for their gameplay achievement [16]. We implemented this 
feature for the summer to investigate if the same behavior would 
repeat in an e-learning game. In contrast, for our adaptation of 
Frogger, we wanted to experiment with a fancier transition and 
had the animal walk off the screen after it reached the destination 
lane.  

Even though the above contrasts between the adapted Frogger and 
Floored were sometimes unintentional and arose from serendipity, 
they appeared to have profound impacts on how players interacted 
differently with both games. Their differences – and similarities – 
constituted the basis for some interesting design lessons.  

4.2 Key Questions 
The parrot game and the ensuing analysis above had raised some 
questions: Can rural children tell the three phases in the receptive-
practice-activation cycle apart? Were the first two phases 
effective in equipping users with the knowledge to succeed in the 
activation phase? Were the caricature and voice of the teacher 
sufficiently “authoritative” in drawing learner attention to the 
material taught? Were games designed based on this three-phase 
model engaging and interesting to play? Were players learning 
through the games? Although we had some preliminary results 
with the parrot game, we sought to address these issues more 
conclusively by evaluating Frogger and Floored in the field. Most 
important, we argue that the observations that repeat across more 
than one prototype hold the most generalizable lessons for 
designers in this field.  

4.3 Lessons From First Iteration 
We evaluated Frogger and Floored with 29 students on 3 days and 
16 students on 3 days respectively. A session for any child lasted 
an hour on average and took place under naturalistic conditions at 
the rural school. On average, a player took about 15 minutes to 
familiarize herself with a game, and the process usually involved 
playing its activation phase more than three times. The rest of her 
session was spent on gaining more practice with the game, and 



players began to win the game after they were first introduced to 
it for 30 minutes. For the players who completed all the levels in 
the game before their sessions ended, we asked that they replay 
the entire game so that they could potentially become more 
familiar with the targeted English material. 

We were naïve in thinking that situating the receptive and practice 
phases for Frogger within its “road crossing” setting would help 
to make the learning experience more pleasurable. Players seemed 
to grow bored with the receptive and practice phases after playing 
these phases more than thrice, and were eager to skip ahead to the 
activation phase to play the game proper. In other words, although 
we had not expected formal schooling to be necessarily 
interesting to many rural children, situating our learning episodes 
within a game setting did not help to make the ESL material or 
the learning experience any more appealing.  

Worse, by situating the receptive and practice phases in the “road 
crossing” setting, we made the learning goals behind both phases 
less obvious to rural children, who – as we believed – associated 
education more closely with a school setting as opposed to a game 
setting. In particular, during the practice phase, players focused 
on moving the bicycle “pointer” in the leftward direction, more so 
than paying attention to the audio playback of the English words 
or the enlarged image of the animal referred to by the pointer. We 
offer two plausible reasons. First, players found it more intuitive 
to move the pointer to the left, versus right, because the bicycle in 
the icon was facing left, and back-pedaling in the real world was 
likely inconceivable to them. However, it strained our 
imagination to devise a pointer interaction technique that was 
both a good fit with this setting as well as afforded (i.e. provided 
cues for) the left and right movement actions. Second, the game 
setting together with the opportunity to ride a bicycle in this 
fantasy world was a possible distraction to learning.  

More troubling, in the receptive phase, players did not appear to 
understand that the animations of the animals crossing the road 
were meant to teach them vocabulary, and that they should paying 
attention to the audio recordings. Alternatively, the learners might 
have known about the vocabulary building objective but chose to 
focus their attention on watching the animated creatures crossing 
the road instead of listening to the audio playback. 

There were also navigational difficulties with the three phases in 
Frogger. For instance, we observed that players did not always 
know that they had to move the bicycle “pointer” off the screen in 
the practice phase to proceed to the activation phase. Similarly, 
learners were sometimes confused between the words tested in the 
activation phase, and would clearly benefit from back-tracking to 
the practice phase for additional instruction. Having consistent 
user-interface controls that provide the user more control over her 
transition between phases is thus expected to enhance learnability 
of the user-interface, usability during gameplay and ESL learning. 
We decided to implement such controls in the next iteration.  

In comparison to Frogger, rural children appeared to understand 
the receptive and activation phases, as well as their distinction, in 
the Floored game significantly better. Even though it was possible 
that the users made sense of the two phases in Floored due to the 
game having fewer phases (than Frogger), we argue that it were 
the dramatically different settings – beyond cosmetic differences 
in background colors or variations on the same fantasy theme – 
which helped to accentuate the sharp distinctions that existed 

between phases. Most importantly, it was intuitive to players that 
they needed to pay attention to the voice recordings and visuals in 
Floored’s receptive phase because it was situated in the classroom 
setting, which players instinctively associated with learning and 
schoolwork. In fact, we observed that learners paid more attention 
to the receptive phase in Floored than the same phase in Frogger. 
For example, in Floored, learners said aloud the words for the 
animals as soon as their pictures appeared in the speech bubble, 
ahead of the audio playback, even though we found that the same 
learners did not know any of these words during their pre-test. 

On a related note, for both Frogger and Floored, players did not 
recognize that the voice for the audio recordings belonged to their 
teacher, when we asked whose voice the recordings were from. In 
fact, none of them recognized that the caricature was that of their 
teacher either.  

 
Figure 6. Rural children displaying their “You Win!” screens. 
Success in the English language learning games, and mastery 
of the technology, was a considerable incentive and source of 

pride for these children. These kinds of displays were 
repeated over and over.  

Next, when the “You Win” splash screen appeared in Floored, 
players were visibly excited and would clamor to show their 
cellphone screens to us and their peers (Figure 6). On the other 
hand, the animal walking off the screen in Frogger appeared to be 
less intuitive in communicating to the players that they had won, 
since they would look perplexed when the game transitioned to 
the receptive phase. Most importantly, it was precisely the design 
of the “You Win!” screen, which required the player to press a 
button to continue to the next phase, that made it possible for the 
children to bring their cellphones around the classroom to show 
off their exploits. While we had observed similar behavior in a 
few children in January 2007 with games that focused entirely on 
entertainment [16], the fact that this behavior repeated in summer 
2007 with e-learning games played by a larger sample of children 
showed that this simple splash screen design could potentially 
leverage social relations as a powerful motivator of learning. 

5. FROGGER AND FLOORED REDESIGN 
We set out to redesign Frogger and Floored based on the above 
lessons. For Frogger, we changed its receptive phase by situating 
it within the classroom setting, such that the new receptive phase 
resembled the receptive phase in Floored (Figure 5) with a teacher 
supplying the English word for the image in her speech bubble.  
Similarly, we modified the practice phase for Frogger by situating 
it in the classroom setting as well. However, to keep the practice 
phase distinguishable from the receptive phase, we designed the 
practice phase to have a significantly different background 
(Figure 7). Specifically, the practice phase contained a blackboard 
which displayed the pictures for the three vocabulary words 
belonging to the given receptive-practice-activation cycle. There 
was an icon of the participants’ teacher pointing to one of the 
three pictures with a stick, such that the user could move this icon 



to the left and right to point to a different picture by pressing the 
left and right arrow buttons. Whenever the player moves the 
teacher to point at a new picture, the game would say its 
corresponding English word. With the exception of the picture 
which is currently selected, the other two pictures would be 
dimmed out. 
Since our participants could not recognize their teacher from her 
caricature, we replaced her caricature in the receptive phases of 
the Frogger and Floored games with her photograph. For a similar 
reason, we made use of her photograph for the above pointer icon 
in Frogger’s practice phase, versus taking her caricature. Lastly, 
we modified the activation phases in both Frogger and Floored, 
such that when the game said the word that the player was tested 
on, the teacher’s photograph would appear at the same moment to 
create the impression that she was quizzing the player. 

 
Figure 7. The practice phase in the second iteration of 

Frogger. 
Like the third iteration of the parrot game, we implemented user-
interface controls in Frogger and Floored for flow control via the 
left and right soft keys. Among the navigational shortcuts that we 
could think of, we expected that players will appreciate having 
the freedom to transition to the next phase most. Hence, we made 
this shortcut highly accessible by associating it with the left soft 
key. Conversely, shortcuts such as exiting the game or reverting 
to the previous phase would frustrate the player if she were to 
press their buttons by mistake and had to repeat the game. As 
such, we made them less accessible, via a menu associated with 
the right soft key.  

5.1 Experience with Second Iteration 
We evaluated the second iteration of Frogger and Floored with 
the same 47 students between grades 2 and 5. With the new 
receptive and practice phases that were situated in a classroom 
setting, it seemed that our players understood that they were 
supposed to learn the words covered in these phases. Once the 
phases became intuitive, players figured out for themselves what 
they needed to do in both phases to learn the material. In 
comparison, when participants were interacting with the previous 
iteration of the receptive and practice phases, it did not seem to 
occur to them that the game was attempting to convey the English 
words of the animals on the screen through the audio playback.  

More important, our concerns that participants may not be able to 
tell the phases apart once there were three phases turned out to be 
unfounded. While we had previously believed that incorporating 
three phases in Frogger would not confuse the users if the phases 
were distinctively different, the above observations supported this 
earlier design decision to retain three separate phases in Frogger. 
Unlike Frogger, it was much easier for us to think of a design for 
Floored where the practice and activation phases were combined 
seamlessly. The design implication is that when it is not that easy 
to come up with a fantasy setting that naturally integrates any two 
consecutive phases, keeping the overall design simple by having 
the receptive-practice-activation cycle span three entirely separate 
phases is not such a bad idea, despite the lack of creativity.  
On a related note, participants told us that they were now able to 
recognize their teacher in the receptive and practice phases from 
her photograph. Since the teacher is arguably the main source of 
formal knowledge and instruction in this cultural context, where 
school is usually “teacher-centered” as opposed to centered on the 
learner’s needs and prior knowledge, we argue that her photo 
went hand in hand with the background images in both phases to 
reinforce the classroom atmosphere that we wanted to establish in 
the gaming experience. Similarly, her photo may have helped to 
establish expectations on the part of participants that the teacher 
character was there in the game to teach them. Users appeared to 
pay the same amount of attention to the audio playback before 
and after the caricature was replaced with the photo. However, 
they were visibly excited to see their teacher’s face in the game. 
Some of them even showed us the cellphones and pointed out 
their teacher’s photo to us. 
On the flip side, many users mispronounced the audio recordings 
when they repeated aloud after the teacher’s voice. For example, 
learners would pronounce “rabbit,” “dog” and “frog” as “dabbit,” 
“odd” and “frock” respectively. The most likely reason was that 
the teacher at the rural school could barely speak to us in English 
and that she was could not pronounce some English words well.  
There were various design options that we could take. But more 
importantly, the interrelated issues of authority and the language 
model surfaced in our design considerations. We have associated 
the teacher with both the receptive and practice phases so as to 
lend a stronger air of authority to the designs for both phases and 
to encourage players to focus on the ESL material more seriously. 
However, since rural participants had very little access to ESL 
resources outside school, it was imperative that our games act as a 
good model of the English language for learners to learn from. 
We could train the above teacher in her pronunciation, but it 
would be some time before we could obtain high-quality audio 
recordings. In our view, a more feasible approach would be to use 
the voice of a more qualified English speaker, while retaining the 
photo of the teacher at the rural school. This option would work if 
users could not identify that the voice in the audio recordings no 
longer matched that of the teacher in the photo. We needed to 
conduct more fieldwork to investigate the feasibility of this idea. 
Moreover, the facilitator controls were used to adapt both games 
to the English baseline of each player. In particular, the left soft 
key for skipping to the next phase was used increasingly as the 
learners became more familiar with the targeted vocabulary words 
through repeated gameplay, and simply wanted to advance to the 
activation phases to test their vocabulary knowledge. In contrast, 
the shortcut for moving back to the previous phase was seldom 



used, unless the facilitator or player advanced to the next phase by 
mistake. On the whole, the facilitators did not comment on these 
controls, which implied that these controls met their navigational 
shortcut needs and that they were not cumbersome to use. 
Quantitatively, the 47 learners scored an average of 1.96 out of 5 
on the pre-test and 3.85 out of 5 on the post-test. The effect size 
was 1.33 and post-test gains were significant (p-value < 0.001, 
std. dev = 1.42) on a one-tailed t-test. 

6. FINAL DESIGNS 
We decided to apply the above lessons and ideas to Frogger and 
Floored, but with a new syllabus for each game, to investigate the 
extent to which we could replicate the above results. 
In the third iteration of Frogger, we modified the activation phase 
in order to target vocabulary for everyday vehicles. Specifically, 
instead of helping the correct animal cross the road, the goal was 
to help the animal get onto the vehicle that was designated by the 
teacher character in the game. Two other major changes that we 
made was to implement the same facilitator user-interface 
controls and the “You Win!” splash screen that were found in 
Floored.  
For Floored, we changed its content so as to shift the learning 
focus from developing a vocabulary of everyday animals to 
lexical verbs such as climb, jump and run. To improve the quality 
of the pronunciations for the verbs, we did the audio recordings 
using the voice of a team member who spoke excellent English 
with an Indian accent. We did not make other substantial 
modifications to either Frogger and Floored since we did not 
observe any further outstanding design problems to be addressed.   

6.1 Experience with Third Iteration 
Since there were no more students at the rural school who had not 
yet played the earlier two iterations of Frogger, we tested the third 
iteration with all 47 students between grades 2 to 5. Similarly, we 
evaluated the latest iteration of the Floored game with 16 students 
from grade 3. 
We learned during the pre-test for Frogger that participants could 
name the English words for the vehicles in their everyday lives. 
We did not anticipate this when we designed the third iteration of 
Frogger, but on further reflection and hindsight, we did not find it 
surprising that these English words had been adopted into their 
native language as loan words. In terms of design implications, 
we noticed that children made use of the facilitator controls to 
skip directly to the activation phase. In fact, they used these 
controls in this iteration of Frogger more frequently than in earlier 
versions of Frogger or Floored. This observation was highly 
consistent with the earlier observation that players skipped to the 
next phase more often as they become more familiar with the 
targeted vocabulary words through continued play, thus 
suggesting a strong positive correlation between familiarity with 
the targeted ESL material and frequency of use of the 
navigational shortcuts.  
In earlier iterations of the Floored game, we observed that 
learners mispronounced many of the vocabulary words for 
animals. In fact, at least two of them were not able to follow the 
audio playback at all. In comparison, learners were able to repeat 
words aloud with a more accurate pronunciation after we 
switched from the teacher’s voice to the voice of the above team 

member for voice recordings. We learned from the pre-test that 
the students did not know many of the verbs covered in Floored. 
Yet, we observed that learners had difficulty pronouncing only 
one verb (“cook”), and that was presumably because they had 
confused this word with a similar word (“cock”) from the 
previous day’s English learning activity. This result supported our 
design assumption that audio recordings taken from a more 
qualified English speaker would make it easier for rural learners 
to acquire the spoken English words targeted in the game.  
In quantitative terms, the 16 learners from class 3 who played 
Floored scored an average of 3.50 out of 8 on the pre-test and 
7.06 out of 8 on the post-test. The effect size was 2.73 and post-
test gains were statistically significant (p-value < 0.001, std. dev = 
1.30) on a one-tailed t-test. More importantly, none of the users 
noted that the voice recordings in the latest iteration of Floored 
did not belong to their teacher. It seemed that they did not realize 
that the voice in the recordings no longer matched that of their 
teacher’s. 
Finally, children reacted enthusiastically to the “You Win!” 
splash screen in Frogger as they did when playing Floored.  

7. RELATED WORK 
The first work to argue that games can be used for education was 
the classic [1]. Its content is dated as of today, and in any case, it 
does not offer practical advice for designers. There is more recent 
work in the emerging “serious games for education” literature like 
[5], [18] which provides a high-level survey of the field and is not 
directly related to design. Other work is either anecdotal [26] or 
examines the field from the perspectives of non-designers (such 
as epistemology [27] and the socio-historical analysis of literacy 
development [12]) or is specific to a particular game genre such 
as simulations [2].  

In our opinion, the most relevant recent work is [10], which offers 
a set of learning science principles that could be applied to game 
design. The limitation, however, is that it does not connect these 
principles with the potential for videogames to motivate the 
learner. And in any case, none of the above focuses specifically 
on designing e-learning games which target low-income users in 
the developing world. 

Previous work in the HCI community that target underdeveloped 
regions fall under the domains of domestic labor [18], crop price 
finding [25] and micro-credit [22]. To our knowledge, [23] is the 
only work on e-learning games, but it targets a shared computer 
platform with multiple mice for input and not the cellphone. 

8. CONCLUSION 
In this design case study, we described the receptive-activation 
format from a review of successful commercial language learning 
products in developed country markets, and how we applied this 
format to the design of a parrot game for urban slums students to 
learn the English alphabet. Through subsequent iterations on this 
game and two additional games that were informed by our field 
experiences with rural learners, we discussed how this format had 
to be expanded to include a practice phase and facilitator controls 
to cope with the lower educational baseline of rural children. We 
also drew other lessons that touched on issues related to authority, 
an accurate language model and the social aspects of motivation.  



In particular, we learned that the learning goals in our e-learning 
games were more obvious to rural learners when we maintained a 
distinction between pleasure and education in game designs, such 
that the learning phases were situated within a classroom setting. 
Our observation was especially notable since the fantasy setting is 
commonly applied as a heuristic to enhance the enjoyment value 
of games [18], and we demonstrated that we were able to achieve 
a good balance between pleasure and learning with the expanded 
format, to the extent that learners exhibited post-test gains. Even 
though we have presented our key findings in the context of a 
research project on language acquisition, we believe our lessons 
will apply to other educational domains in the developing world. 

9. ACKNOWLEDGMENTS 
The support of our NGO partners, Suraksha (Shalini Mathur and 
Urvashi Sahni) and the Mysooru Literacy Trust (Babu Mathew, 
N.S. Soundara Rajan and M.L. Ramanarasimha) made the above 
fieldwork possible. Jane Chiu, Varun Devanathan, Anjali Koppal, 
Neha Kumar, David Nguyen, Jacek Piwiec, Anand Raghavan, 
Divya Ramachandran and Vijay Rudraraju participated in our 
fieldwork. The research described in this paper is funded by the 
U.S. National Science Foundation (Grant # 0326582), Microsoft 
Research and Qualcomm Inc. We thank Andy diSessa and the 
anonymous reviewers for their constructive feedback on an earlier 
draft of this paper. All errors and omissions remain ours. 
10. REFERENCES 
[1] Abt, C.C. Serious Games. Viking Adult, 1970.  
[2] Aldrich, C. Simulations and the Future of Learning: An 

Innovative (and Perhaps Revolutionary) Approach to E-
Learning. Pfeiffer, 2003.  

[3] Azim Premji Foundation. The Social Context of Elementary 
Education in Rural India, 2004.  

[4] Banerjee, A., Cole, S., Duflo, E., and Lindon, L. Remedying 
Education: Evidence from Two Randomized Experiments in 
India. NBER Working Paper No. 11904, December 2005.  

[5] Bergeron, B. Developing Serious Games. Charles River 
Media, 2006.  

[6] Bollywood Films Fuels Mobile Gaming Industry. The Times 
of India, May 8, 2006. 

[7] Bruner, J. Child’s Talk: Learning to Use Language. W.W. 
Norton and Company, New York, USA, 1983. 

[8] Clegg, J., Ogange, B., and Rodseth, V. Evaluating Digital 
Learning Material for English Language Development in 
African Primary Classrooms. IMFUNDO KnowledgeBank 
Paper, April 2003. 

[9] Faust, D., and Nagar, R. Politics of Development in 
Postcolonial India: English-Medium Education and Social 
Fracturing. Economic and Political Weekly, India, July 28, 
2001. 

[10] Gee, J.P. What Video Games Have to Teach Us About 
Learning and Literacy. Palgrave Macmillan, 2004.  

[11] Gee, J.P. Good Video Games and Good Learning: Collected 
Essays on Video Games, Learning and Literacy. Peter Lang 
Publishing, 2007.  

[12] Gee, J.P., Hawisher, G.E., and Self, C.L. Gaming Lives in 
the Twenty-First Century: Literate Connections. Palgrave 
Macmillan, 2007.  

[13] Kam, M., Ramachandran, D., Sahni, U., and Canny, J. 
Designing educational technology for developing regions: 
Some preliminary hypotheses. IEEE 3rd International 
Workshop on Technology for Education in Developing 
Countries (Kaohsiung, Taiwan, July 5-8, 2005), 2005.  

[14] Kam, M., Ramachandran, D., Raghavan, A., Chiu, J., Sahni, 
U., and Canny, J. Practical considerations for participatory 
design with rural school children in underdeveloped regions: 
Early reflections from the field. In Proceedings of the ACM 
conference on Interaction design and children (IDC ’06) 
(Tampere, Finland, June 7-9, 2006), ACM Press, NY, 2006. 

[15] Kam, M., Ramachandran, D., Devanathan, V., Tewari, A., 
and Canny, J. Localized iterative design for language 
learning in underdeveloped regions: The PACE framework. 
In Proceedings of the SIGCHI conference on Human factors 
in computing systems (CHI ’07) (San Jose, California, April 
28-May 3, 2007), ACM Press, NY, 2007. 

[16] Kam, M., Rudraraju, V., Tewari, A., and Canny, J. Mobile 
gaming with children in rural India: Contextual factors in the 
use of game design patterns. To appear in Proceedings of the 
3rd Digital games research association international 
conference (DiGRA ’07) (Tokyo, Japan, September 24-28, 
2007). 

[17] Kishwar, M.P. Deprivations’s Real Language, 2005. 
http://www.indianexpress.com/printerFriendly/12662.html#. 

[18] Malone, T.W. What Makes Things Fun to Learn?: Heuristics 
for Designing Instructional Computer Games. In Proc. 
SIGSMALL ’80, ACM Press, NY, USA, 162-169. 

[19] Medhi, I., Sagar, A., Toyama, K. Multiple Mice for 
Computers in Education in Developing Countries. In Proc. of 
2006 International Conference on Information and 
Communication Technologies and Development.  

[20] Michael, D., and Chen, S. Serious Games: Games That 
Educate, Train, and Inform. Course Technology PTR, 2005.  

[21] Nation, I. S. P. (Ed.) Learning Vocabulary in Another 
Language. Cambridge University Press, Cambridge, MA, 
2001. 

[22] Parikh, T.S, Javid, P., Sasikumar, K., Ghosh, K., Toyama, K. 
Mobile Phones and Paper Documents; Evaluating a New 
Approach for Capturing Microfinance Data in Rural India. In 
Proc. CHI 2006, ACM Press, 2006, 551-560.  

[23] Pawar, U.S., Pal, J., Gupta, R., and Toyama, K. Multiple 
mice for retention tasks in disadvantaged schools. In 
Proceedings of the SIGCHI conference on Human factors in 
computing systems (CHI ’07) (San Jose, California, April 28-
May 3, 2007), ACM Press, NY, 2007. 

[24] Pimsleur, P. A memory schedule. In Modern Language 
Journal, 51 (1967), 73-75. 

[25] Plauche, M., Wooters, C., Ramachandran, D., Pal, J., 
Nallasamy, U. Speech Recognition for Illiterate Access to 
Information and Technology. In Proc. of 2006 International 
Conference on Information and Communication 
Technologies and Development.  



[26] Prensky, M. Digital Game-Based Learning. McGraw-Hill 
Companies, 2000.  

[27] Shaffer, D.W. How Computer Games Help Children Learn. 
Palgrave Macmillan, 2006.   

[28] Shukla, S. From Pre-colonial to Post-Colonial: Educational 
Transitions in Southern Asia. Economic and Political 
Weekly, 1996. 31(22), 1344-49. 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


