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Abstract

In developing countries, language and literacy are barriers that prevent many people from using mobile phones. Literacy is a particularly difficult barrier that keeps users in a vicious cycle. We propose Shree Ganesha, an audio-visual phone meant to be the first phone of an illiterate user. Shree Ganesha combines a keypad-only interface supported by audio instructions in conversational Marathi. While the design extensively uses icons and visual highlight that synchronizes with the spoken instruction, it also uses text to reinforce literacy. The design was prototyped, evaluated and improved upon. A usability test with semi- and illiterate users comparing Shree Ganesha with a currently available phone showed that Shree Ganesha did well on both performance and preference.
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Introduction

India has seen a huge growth in telecommunications in recent times. From barely 5.5 million phone lines in 1991 [1], the country has moved to 40 million fixed line and 201 million mobile phone subscribers in July 2007 [2]. However, the current growth is far from inclusive. Literacy is a major barrier that prevents people from using these applications of a mobile phone. Census data from year 2001 indicates that as many as 45% (468 million) people in India are illiterate and about 24% (247 million) people have studied beyond the primary school [3]. Literacy may diminish further in life if one’s work requires little reading or writing. Even among the literate population, literacy may not be high enough to allow people to navigate interfaces of interactive applications. 

It is intuitive to think of literacy as a quality that a person may have or not have. However, our experience suggests that we ought to think of literacy as a continuum. A large number of people can be classified as semi-literate, who can read and write to some extent, but don’t have much practice with reading or writing. Then there are the functionally literate, who can't read per se, but have, by practice learnt to recognize some words as symbols. For example, an illiterate truck driver can recognize a signage. Then there are those who can read numbers. Parikh et al [4] report that while rural, semi-literate users in India had difficulty reading text, numeric data provided significant cues for overall interface comprehension of a micro-finance application.
The Design
Here, we present Shree Ganesha, a phone designed to be the first phone for an illiterate person. 
The Metaphor 
We used Ganesha as a metaphor for the phone and also to represent the desktop or the landing page. We believe this is an appropriate for many reasons. Ganesha, the elephant-headed god of knowledge, is one of the best-known and most-worshipped Hindu deities. In a religious ceremony, Ganesha is the first to be worshipped. He is the remover of obstacles (vighna-harta) and creator of happiness (sukh-karta). His two consorts Saraswati, the goddess of culture and arts, and Lakshmi, the goddess of wealth and prosperity represent the balance of a civilization. A mobile phone today is seen as a key to prosperity and connectivity.

In Marathi the words ‘Shree Ganesha’ mean the introduction of writing to children. Typically these are also the first words taught. The term ‘Shree Ganesha’ is also associated with the positive beginning of an auspicious task and are at times written at the top of an important document (such as a wedding invitation card). Coincidentally, the red colour associated with Ganesha is also used on most mobile phones on the button that returns the user to the desktop.
The number-pad interface
While textual literacy is limited, numerical literacy is lot more widespread. People deal with numbers often – money, time, calendars, bus numbers, cricket scores, phone numbers etc. The advantages of using numerical interfaces for semi-literate users have been used previously. Vahanvati [5] describes a ‘number-pad only’ interface for a mobile-phone based application for small shopkeepers for making bills. In our parallel work, we have explored the use of a number-pad only interface for accessing visual phonebooks [6]. This design extends the use of the number-pad alone as the primary interface for navigating all the functions of the phone. 
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figure 1.  Nokia 6300 used for Shree Ganesha prototype

We adopted the Nokia 6300 phone as our hardware platform (figure 1). We wanted to only use the number-pad, so we covered the soft keys and the arrow keys with black tape. We also covered the * and # keys on the number-pad with green and red coloured tapes respectively.
Audio visual interface
We envision Shree Ganesha to have at least three levels of audio instructions on each screen. The default mode will have the most detailed instructions. Two other modes have lower levels of instruction. The default mode of the phone was prototyped and is presented in this paper.

When the keypad is locked, the screen displays a large lock (figure 2). To unlock the keypad, the user needs to press 137, the three keys in the corners. If the user presses any key other than the one expected for unlocking the keypad, the expected key blinks. If the user still presses another key an unexpected key, it gives an audio instruction aloud in Marathi – “The phone is locked. To unlock the phone, please press 137.”
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Figure 2. Locked phone.
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Figure 3. Shree Ganesha screen.
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Figure 4. Dial a number.

Once the keypad is unlocked, the screen displays the Shree Ganesha screen (figure 3), which is the landing page of this phone. It has a small image of Ganesha at the top. When the user lands on this screen, instructions about the function of each key are given out aloud. For example “Welcome. To dial a number press 1. To see previously dialled numbers, press 2. To see received calls, press 3. To open the phonebook, press 4… To lock the phone press 0. When the user presses 1 on the Shree Ganesha screen, he is taken to the “Dial a Number” screen (figure 4). When he arrives on this screen, he is given the instruction “Please punch the numbers you wish to dial.” After this, a dial tone (like in the traditional land lines) is played. As the user punches the first number, the dial tone stops and the number is read out. If a valid phone number is detected, it is dialled automatically. If the user pauses for more than 10 seconds, the user is asked to press the green button to start the call. After the user presses the green button, the phone gives feedback about the status. The user can return to the Shree Ganesha screen at any time by pressing the red button. 
Evaluation
Pilot Evaluation and Problems Found: A formative evaluation was done with 4 users, 3 illiterate and 1 semi-literate. The feedback from these users was quite positive – they were able to use the phone without much help. They found voice instructions and icons to be particularly useful. Though they had never used a mobile phone before, they could identify the function of the "red" and "green" buttons. 
Users preferred Shree Ganesha phone as compared to currently available phones. The main advantage of this phone was that they no longer needed to depend on someone else to make a call. 
One problem was that every time the user returned to the Shree Ganesha screen, all the audio instructions were repeated. This was irritating and also unnecessary. 
Users had some difficulty in understanding the relationship between the spoken instruction and the key on the keypad to which the instruction corresponded. 

Based on this feedback, we made the following modifications to the prototype. When the instructions were being read out on any screen, a highlight showed which key was being talked about. The instructions on the Shree Ganesha screen were read out only when the user comes to this screen for the first time. At other times, the user was asked to press the green button to listen to the instructions again. The green button on the Shree Ganesha screen was used to start and stop the instructions.
Usability Evaluation: The usability evaluation was done with 12 users in a village Kashele, 130 km from Mumbai, six men and six women, all over the age of 30. Of these, 3 users were totally illiterate. They had never been to school and could read neither text nor numbers. There were 4 users who were semi-literate, who had been to primary school for two to four years and who could read Marathi somewhat, but could not read English numbers. The remaining 5 were also semi-literate, had been to primary school for four years and they could read English numbers and Marathi text and numbers. 
The goal of the test was to find out whether first-time semi-literate users could carry out the two basic tasks of unlocking the phone and making a call without help. We also wanted to compare the Shree Ganesha design with a current mobile phone in Marathi as a control group. 

Each user was briefed about the project and his / her role in the evaluation. He / she was then handed over a phone and asked to dial a number. At this stage, the keypad was in a locked state. In a ‘successful’ attempt, the user realized that the keypad was locked, unlocked it and then dialled the number without any help. Only if the user was not able to perform a task, help was offered. This was typically of two types – help with what should be done and help with reading. If the user needed help with doing the task, it was counted as an ‘unsuccessful’ attempt. If the user could do the task, but needed help in reading the numbers or the text, it was counted as ‘successful with help’. The user was then asked to repeat the task with the other phone. Shree Ganesha was used first in 6 cases, while the existing Marathi phone was used first in the other 6 cases.

We had originally planned a third task – that of seeing if the user can tell if he had missed a call. We could do this task with the Shree Ganesha phone, but we could not compare this task with the currently available phone as there was no network in the village.

Findings: 9 / 12 users could successfully unlock the Shree Ganesha phone without help in first attempt, compared to 2 / 12 for the current Marathi phone. Only 4 / 12 could dial a number without help on either phone, but all 8 other users could dial a number with help on the Shree Ganesha phone, compared to only 5 in the current phone. Table 1 gives break up across the three categories of users.
	Succesful
	Illiterate
	Can't read English Nos.
	Can read English Nos.
	Total

	Task 1. Unlock the phone 

Shree Ganesha

	Yes
	1
	3
	5
	9

	With help
	2
	1
	0
	3

	No
	0
	0
	0
	0

	Current Marathi phone

	Yes
	0
	0
	2
	2

	With help
	0
	1
	1
	2

	No
	3
	3
	2
	8

	Task 2. Dial a number 
Shree Ganesha

	Yes
	0
	0
	4
	4

	With help
	3
	4
	1
	8

	No
	0
	0
	0
	0

	Current Marathi phone

	Yes
	0
	0
	4
	4

	With help
	2
	2
	1
	5

	No
	1
	2
	0
	3


The evaluation threw up some other interesting observations. Firstly, the religious connotation of Shree Ganesha was much appreciated. This is particularly important to point out, as most technology products are otherwise religion neutral. When asked if he could think of an alternative metaphor, one user remarked that ‘there can’t be an alternative to Shree Ganesha’. Alternatives suggested by other people were also religious. 

Users made less errors operating Shree Ganesha phone, but they took more time. People didn’t interrupt the audio even if they had found the instruction for the task to be performed. 
On first attempt, some users put the phone to their ear when the audio started. They would not look at the screen and would miss out on highlights. One illiterate elderly female user, who was reluctant to participate, intuitively touched the screen on first attempt. This indicates that a touch-screen interface could be a viable option. 

Conclusion and future work
Audio visual interfaces have the potential of making available technologies, products and services to those beyond the literacy barrier. In our study, the things that were most helpful in the order of appreciation by users are: Audio, blinking icon animation (for unlocking), shifting highlight during the instructions, static icons on the desktop and text. One user remarked that the product will work even if text is removed.  Religious metaphors improve the appeal and usability of the product. 

Our study shows that users appreciate the independence that they gain by using such interfaces. However, literacy must be treated as a continuum and we need to design for several levels of literacy. It is a myth that English numerals are universally understood.Numbers need to be bigger, and in local scripts. Small, flat keys cause errors. Keys need to stand out so that a neighbouring keys are not pressed inadvertently.
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