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At a glance

· Machine-readable barcodes can transmit information far more quickly and accurately than human input.
· Two dimensional barcodes are replacing older, linear 'strip' codes, as they can store much greater amounts of information.
· A variety of 2D barcodes formats is available, some of which are proprietary and others are governed by published open standards.

· 2D barcodes are processed using image recognition applications installed on mobile phones or associated with more specialised hardware.

· Educationalists have tended to focus on the QR Code format, with innovative examples being published by the University of Bath and on blogs.
· 2D barcodes face a range of barriers to adoption and could be seen as an interim solution before RFID tags become widely used by consumers.
The changing face of barcodes
We are familiar seeing barcode strips in many contexts, especially on consumer goods that use the European Article Number (EAN) system, which is now governed by the GS1 supply chain standards group. These barcodes are linear, in that a reader detects the pattern and (effectively) sweeps across it in the horizontal direction. Tagging systems, including barcodes, are used in many applications, such as identifying boarding passes, numbering concert tickets, uniquely identifying industrial and military goods, tracking items in transit and marking postal items with machine-readable addresses. It is frequently suggested that machine reading considerably reduces error rates, from (typically) 1 in 300 for human input to (at worst) 1 in 15,000 for barcodes.
Barcodes are quite limited in the amount of data they can store compared to the space they take up on the item - a standard EAN-13 barcode codes just 13 digits. Many alternatives have been proposed that allow for more data to be stored, such as the item's origin, a description or a web link.
2D barcodes
'Stacked' barcodes provide an improved solution, with multiple, uni-directional passes across the code from different starting points, each of which reads new data. PDF417 (see Wikipedia) is one of the more common examples of this system.

Recently, two dimensional barcodes, which cannot be read by scanning in a single direction but must be processed as a complete image, have become widespread. These use a series of 'modules' (normally black-white spots representing binary information) laid out on a grid, often printed as a square or rectangular matrix. This matrix contains 'finder' elements, so the image recognition system can locate and orient the pattern, and 'timing' information to ensure that the correct grid-spacing is identified.
There are many types of barcode - some of which are illustrated in this Wikipedia article - but the most common 2D types include:

· QR Codes. These 'quick response' patterns were invented in Japan in 1994 and patented by Denso Wave. However, the coding system has been standardised as ISO/IEC 18004:2006 and the company has promised not to assert its patents. QR codes use a square grid with 21 to 177 modules along each axis. At the lowest level of error correction, a QR code can store up to 4,296 alphanumeric characters. One review suggests that QR Codes can be slightly faster to detect and decode.
· Data Matrix. These codes were invented in 1989 and are generally square, with grid sizes from 10 to 144 units on each side. The coding system is also open source, currently defined by the ISO/IEC 16022:2006 standard, but it has been widely implemented by Semacode. Depending on how data is encoded, up to 2,335 alphanumeric characters can be stored in single symbol. It is claimed that Data Matrix stores more information (for a given array size) compared to other 2D barcodes, as demonstrated in this illustration.
· Aztec code. This public domain coding system (originally created by Honeywell) can store up to 3,067 alphanumeric characters using grids from 15 to 151 units square.
· High Capacity Colour Barcode (HCCB). This proprietary format is being marketed as Microsoft Tag. The company says that the format will be free for the duration of the beta (trial) period, but that it reserves the right to charge thereafter. HCCBs use a 5 by 10 grid of coloured triangles (storing 105 bits in the 4-colour version) that code for a URL. To extract information, an HCCB reader must decode the data and look up the associated address via a Microsoft server, which will then redirect the user to the required web page. Although a web connection is always required, due to this lookup process HCCBs can 'expire' or be updated to a new URL.

· Shotcode. These are circular, represent 40 data bits and must lookup the underlying URL in a similar way to HCCBs.
Each format has restrictions on how it can be used, such as: requirements for a blank 'quiet' zone around symbols, restrictions on the size of each 'dot', methods for identifying the data types present, rules regarding combining multiple code blocks and selectable levels of error correction, depending on the format chosen. Both QR Code and Data Matrix can (for a given symbol) be printed at a wide range of sizes, from etching on small components to poster display on the side of a building.
2D barcodes must be read with applications that perform image capture, recognition, orientation and decoding. The hardware may consist of specialist scanners, web cams or camera phones, along with appropriate software. Barcodes can contain URLs, phone numbers, plain text, text messages, map locations or contact details, which may be handled more effectively by some applications than others.
Barcodes are considerably more accurate at transmitting data compared with users having to type it in. More data can be quickly provided to the user, using little space on screen or in a document, and (using a phone's picture storage) kept for later reference. Online converters (such as the one from Bath University), browser extensions and custom interfaces (such as those based on Google's chart APIs) can be used to generate codes.
Educational uses
Educational developments have tended to focus on QR Codes, which are widely used in Japan (due to native support for Kanji characters) and, therefore, supported by many models of mobile phone. JISC has funded a project at the University of Bath, while other innovators are experimenting with possible uses and blogging their results - Andy Ramsden writes on QR codes and Inge de Waard has a range of posts on the topic. Available briefing papers include 7 things you should know about QR Codes (EDUCAUSE Learning Initiative) and The use of QR codes in Education: A getting started guide for academics (by Andy Ramsden of Bath University).
The following examples give a flavour of the range of suggested uses, drawn from educational blogs:
· Tagging locations with descriptions or personal histories, as places in a revision 'treasure hunt' and for orienteering
· 'Scavenger hunt' activities for induction days, at galleries, or in exhibitions 

· Labelling and quick reference, for example resources in a library catalogue, equipment in a laboratory or plants in a botanical garden
· Providing online follow-up information and activities from presentations, or links to homework at the end of a lesson
· Anonymous labelling and tracking, for example coursework
· Creating multiple choice responses for quizzes and formative feedback, which then lead to an online form for longer responses
· Registering students or helping users with disabilities identify themselves to computer systems.
Barriers to adoption
2D barcodes may be beneficial for some educational purposes, but a number of questions should be considered:

· Are camera phones (and other reader hardware) sufficiently available to learners and staff?

· Do institutional policies permit learners to carry and use phones in this way?
· Are reader applications available for the phones that learners use and can they process the required content? (For example, some applications can decode an SMS message request but then fail to launch the messaging application to send the text.)
· Do the proposed uses require a data connection from the phone?
· Who will pay the mobile phone charges?
· Are web sites referenced sufficiently readable on mobile devices?
· Do the intended uses cause accessibility problems? Can users easily locate the code on screen or paper and can they read output on the device?
Future
Recognition of 2D barcodes is likely to be growing as they become more widespread, for example on promotional Pepsi packs and providing nutritional information on McDonalds meals, but knowledge of their purpose and how to read them remains sparse. Many formats, each of which has advantages in given contexts, are competing in this space, although protected standards have not been published for all of them.
2D barcodes could be seen as an intermediate, optical technology, which will be overtaken by electronic tagging systems like RFID. (Radio frequency identification tags are already used in many applications, as noted in this recent report.) However, barcodes are generally based on publicly available formats, can be easily generated and are simple to use in a broad range of contexts.
QR Codes may find more than niche uses in education, but it is too early to predict the extent of their adoption. Results from the Bath project will be written up as case studies over the next year or so, while interim results and other uses will emerge through educational blogs.
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