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8.2.3 Layout of conductors

The physical layout of the conductive pads that make contact between the
containers and storage locations is an important consideration when designing
this system. The number, size, and placement of the conductive pads defines
the accuracy of the system. A top-down view of the layout of the conductive
pads of the physical storage locations (also referred to as location pads) is
shown in Figure 8.4a, and similarly the conductive pads on the underside of
the containers are shown in Figure 8.4b.

As shown in Figure 8.5, the location pads are placed at the back of the storage
location. This allows for containers that vary in length, as they will normally
be aligned at the back of the storage location. The location pads are offset
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Figure 8.4: Layout of conductive pads on physical storage locations and containers.
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by a small amount (A) from the back of the storage location as a precaution
against short circuits between the container and the rear wall of the storage
location.

The flexibility of the longitudinal position of the containers within the storage
location is determined by the length of the location pads (B). The longer
these pads are the more the containers can be moved forward or back within
the cabinet and still be detected. A small width of non-conductive surface
(C ) prevents a short circuit if a container is placed with its conductive pad
overhanging the location pad. The length of this non-conductive surface needs
to be greater than the length of the conductive pads on the containers (F) to
guarantee prevention of shorts.

To ensure that the containers’ conductive pads are always in contact with a
location pad, the width of the conductive pads on the containers (H ) needs
to be greater than the gap between the location pads (E). It is important to
note that, as a result of this, it is possible for a container to contact more than
one location pad. This needs to be taken into account when implementing
the electronic hardware and the polling algorithm of the container network
controllers (see Sections 8.3.2 and 8.3.3).

In order to be able to differentiate between all containers in a storage location,
it is necessary to prevent more than one container from contacting a given
location pad at a time. If there are multiple containers contacting a location
pad then it is not possible to determine their individual positions. To prevent
this from occurring, it is necessary for the width of the location pads (D) to
be less than the minimum possible distance between the container conductors
(which can be calculated by subtracting the width of the container conductors
(H ) from the width of the containers themselves (I )).

These layout considerations were taken into account when implementing the
system described in the next section.

8.3 Implementation
This section describes the implementation of a system based on the design
described in the previous section. Similar to the previous systems, folders
were chosen as the physical hardware for the containers. Also, a shelf was
chosen as the physical hardware of the storage location (Figure 8.6) since this
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was easier to work with for testing purposes than a filing cabinet. This section
describes the implementation of the containers, and the position detection and
display components of the storage locations.

8.3.1 Container implementation

The 1-wire protocol was chosen for communication between the position mod-
ules and the containers. Although, several limitations of 1-wire were previ-
ously discussed in Section 6.5.1, due to the architectural changes described in
Section 8.2.2 these limitations of 1-wire do not affect the implementation of
the system described here. In the previous prototypes each container network
needed to support multiple containers, and each container had to support some
form of a user interface. However, in this prototype, there is a maximum of
one container per container network and each container only needs to support
very simple functionality (i.e., reading of its ID). Therefore, issues such as the
limited power and features of 1-wire devices do not have a negative impact on
this system.

Each container is augmented with a DS2401 silicon serial number IC (Dallas
Semiconductor/Maxim, 2006a). The data pin of the DS2401 is wired to a
conductive pad at the back of the folder, while the ground pin is wired to a
conductive pad at the front. The design of the container circuitry is simplified
in comparison to that needed for the previous prototypes. In fact the DS2401
and the conductive pads are the only electronic hardware that is added to the
containers.

Figure 8.6: The completed prototype system. The physical hardware chosen for this
system was a shelf type physical storage location, and Codafile folders.
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The physical containers that are augmented in this prototype system are
Codafile folders (Figure 8.7a). Several variations of conductor design were
tested, and the conductor type chosen for the current version of the system
is shown in Figure 8.7b. The conductors are made from a solid metal plate
with a right angle bend in it, such that the conductor runs underneath and
up the back of the folder. This enables the containers to sit upright without
assistance, which reduces the likelihood of a container falling over and losing
contact with the container network. The measurements of the conductors are
given in Table 8.1. The conductors protrude from the bottom of the folders
to ensure that they make contact with the storage location, since the location
pads of the storage location are flush with its surface.

Table 8.1: Measurements of the implemented storage location and containers, corre-
sponding to Figure 8.4

Description Length (mm)

A Rear offset 3
B Length of location pads 20
C Front non-conductive surface 8
D Width of location pads 5
E Location pad spacing 1
F Length of container pads 50
G Container pad spacing 215
H Width of container pads 18
I Width of container 20

8.3.2 Position detection hardware

As described in Section 8.2.2, the position detection component of the archi-
tecture consists of position detection modules and a position controller. The

(a) Container hardware. (b) Close-up of container contacts.

Figure 8.7: Codafile folders were used as the physical hardware for the containers in
this prototype.



140 Chapter 8 Prototype System for Managing Ordered Document Collections

implementation of the position modules (Figure 8.8) comprises a PIC micro-
controller (see Microhip Technology, Inc., 2002), which provides the position
module logic, and associated circuitry. Because each container network only
has to support a single DS2401 IC, the network controller circuitry can be
simplified—consisting only of a pull-up resistor (in the order of 1kΩ) and the
location pad. Each container network is wired to a GPIO pin on the micro-
controller, which acts as the 1-wire master for each container network. The
schematic and Printed Circuit Board (PCB) layout for these modules is given
in Appendix C, Section C.2.2.

Due to the design of the conductive pads of the containers and storage loca-
tions, it is likely that a container will contact several location pads, and create
a short circuit between them. This effectively joins them together, forming a
single container network with multiple container network controllers. These
container network controllers are still able to function as normal, provided that
only one of them is active at a time. It is the responsibility of the position
module firmware to ensure that this is the case. The current implementation
achieves this by polling a single location pad a time, as discussed in the next
section.

An important component of each position module is its PCB. The location
pads are part of the PCB layout, and are gold plated during construction to
maximise their longevity. The PCB is very thin (0.2mm) so that it can simply
be affixed to the base of the storage location, as shown in Figure 8.9.

Figure 8.8: Close-up of a position module installed on a shelf physical storage location.
The gold contacts at the front are the location pads, the IC is the micro-
controller, and the wires at the back connect the element to power and the
I2C bus.
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Position Module

Physical Storage Location

Display Module

Figure 8.9: Installing position and display modules in a physical storage location. Each
of the display modules has an LED that corresponds to a location pad.

8.3.3 Position detection firmware

The microcontroller of each position module executes firmware that is responsi-
ble for continuously polling its container networks and passing this information
up to the position controller. The firmware of each position module microcon-
troller runs in a continuous loop, executing a 1-wire read rom command on
each container network in turn to determine whether that network has a con-
tainer present and, if so, reads the ID of the container. The IDs of detected
containers are stored in an area of memory referred to as the container ID
list. This area of memory is an array, each element of which corresponds to a
container network. The order of the array elements corresponds to the order
of the location pads.

Because each container network is read in turn, it is not possible for neigh-
bouring location pads of the same position module to be active simultaneously.
While it is possible for the edge pads of neighbouring position modules to be
active simultaneously, this can be overcome by synchronising the polling of the
elements, for example by having the position controller issue a reset command
so that the position modules start polling at the same time.

The position controller interfaces between the position modules and higher-
layer software. Position modules connect to the position controller via an I2C
bus, with the position controller acting as bus master. Currently the position
modules each have an ID number that identifies their physical position hard-
coded into their firmware. However, in the future, the design of the modules
could be updated so that their ordering could be detecting dynamically. The
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firmware of the position controller loops continuously, reading the container
ID list of each position module in turn and, as it does so, outputting this
to the higher-layer software. The output is in the form of a key-value pair,
where the key is the ID of the container network (derived from the position
module number concatenated with the number of the location pad within that
element) and the value is the ID of the container detected at that position (or
an ID of -1 if no container was detected1).

8.3.4 Output display control

The architecture of the output display component of the system is similar to
that of the position determination component. In fact the circuitry of the
position controller is identical to that of the display controller. Similarly, the
same circuitry is used for the common elements of the position and display
modules (above the horizontal dashed lines shown in Figure 8.3). Similar to
the position circuitry, the display circuitry is split up into display modules
(Figure 8.10). Each display module consists of some display devices, and the
logic required to control these. The output display devices used in the current
implementation are single LEDs.

Each display module corresponds to a position module, and the number of
LEDs on each display module is the same as the number of location pads on
each position module. Therefore, when they are mounted, the position and
display modules are aligned, as shown in Figure 8.9. This means that there is
an LED that can be controlled for every detectable container position.

Each LED is individually controllable by the higher-layer software, and has
four possible states: continuously off, continuously on, slow blink, and fast
blink. The display modules connect to the display controller using an I2C
bus. The position controller receives commands to change the state of LEDs
from the higher-layer software. Each state change command includes the ID
of the LED whose state is to be changed, and the value to set its state register
to. From the ID that is given, the display controller determines which display
module it needs to address, and issues a command to it via the I2C bus. The
firmware of the display modules listens for these commands, and when they
are received, it updates the state of its LEDs.

1Since -1 is not a valid 1-wire ID, it is not possible for a container to have an ID of -1.
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Figure 8.10: Close-up of a display module, installed at the front of a shelf physical
storage location. The display modules utilise the same PCB as the location
elements, but with the location pads removed.

8.3.5 Processing software

The position and display controllers connect via USB-serial bridges to a com-
puter system that runs low-level processing software. This low-level software is
responsible for processing the raw data coming from the position controller in
order to maintain an internal database of container state and transmits event
notifications to the middleware when there is a change in state. Conversely, the
middleware can pass commands to the processing software in order to control
the state of each LED of the display modules.

8.3.6 Filing assistance

Unlike the prototype systems described in the previous two chapters, which
support a piling organisational strategy where the order of the containers is not
important, the system discussed in this chapter supports a filing strategy in
which the containers are stored in a specific order. To be able to support this
strategy, the system needs to be able to guide users when they place containers
in the storage locations, in order to ensure that the containers are put in the
correct place.

One of the advantages of the system described in this chapter over those of the
previous chapters is that it enables the user interface output components of
the containers to be moved to the storage location. Using these user interface
components the system is therefore able to show users where containers should
be placed as the user returns them to the storage location. The SOPHYA
implementation described in this chapter uses LEDs as the output display,
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and one or more of these LEDs can be illuminated to show the user where to
place a container.

A method for the user to trigger the display for the appropriate folder is also
required. The current implementation of the system provides this using RFID
tags. In addition to the SOPHYA augmentations described above, folders are
tagged with RFID tags. A short-range RFID tag reader is mounted near the
storage location, and when the user swipes a folder past the RFID tag reader,
this instructs the DMS software that the user wishes to return the folder to its
appropriate place. The DMS then instructs the appropriate storage location to
illuminate an LED to show the user where to place the folder. This sequence
is diagrammatically shown in Figure 8.11.

8.3.7 Software

Although, as with the implementation of the previous prototype, the focus of
the development of this system was on the hardware and low-level software
components of the design, however, a simple software application, similar to
that described in Section 7.3.5, was implemented for testing purposes. This
application provided a simple GUI that listed containers and their current
state, and allowed for control of their corresponding LED on the physical
storage location.

For the evaluation of the system, a more advanced software application was
developed that incorporated document management functionality. This is dis-
cussed as part of the evaluation described in a later chapter (see Section 10.6).

Middleware DMS Software Client Software

RFID Tag Reader

step 1: user scans the folder
RFID Tag

step 3: LED illuminates

step 2: DMS software identifies the
correct position for the folder
and sends an instruction to the
physical storage controller

Figure 8.11: Folders are tagged with RFID tags. When the tag is scanned by an RFID
reader the system illuminates an LED to show where the folder should be
placed on the shelf.



8.4 Discussion 145

8.4 Discussion
The design of the prototype described in this chapter passed through several
iterations, with continuous hardware and software testing at each stage, in
order to provide the most robust and reliable system possible within the pro-
totyping constraints. These tests involved evaluating different materials and
hardware designs to find the most reliable.

The reliability of the detection of containers in the storage locations is an
important factor in ensuring that the system is usable. For the system to work
reliably, it is important that there is good contact made between the conductive
pads of the containers and those of the storage location. The containers must
be seated properly in the storage location in order for them to be detected, and
if they fall over or sit too far forward it is not possible for the system to detect
them. This problem can be partly mitigated by having the system provide
feedback to the user when they place a container into the storage location, for
example by blinking an LED when the container is detected. Thus, if the user
ensures the LED blinks when they place the container, then they can be sure
that the container has been detected by the system.

As with the previous prototype, the responsiveness of the system is closely
linked to its reliability (see Section 7.4.3). With the current implementation
of the system the latency between adding a container to a storage location
and the detection of this by the system is insignificant. Similarly, the latency
when controlling the output display is also insignificant. The only perceptible
latency is when removing containers, which is several seconds. This is similar
to the latency issue discussed in Section 7.4.3.

A related problem that was encountered during development was that the
folders would not sit upright when on their own. Instead, they needed to
have folders around them to keep them up. Consequently, if they fell over
their conductors would lose contact with the location pads and they would
be detected as being ‘removed’ from the storage location. Two steps were
taken to solve this problem. First the conductors were designed, as discussed
in Section 8.3.1, to reduce the likelihood of the folder falling over. Second,
adjustable plastic dividers were added to the storage location to hold up the
folders, as shown in Figure 8.6. Another option would b e to incorporate an
RFID tag reader into the storage location. While this would not be able to
provide accurate position detection, it could indicate when containers are in
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the storage location but are not detected on a container network (e.g, due to
misplacement).

The current design of the conductors works sufficiently for the prototype sys-
tem, and it is envisaged that the reliability problems could be overcome with
better industrial design of both the container and storage location conductors.
Such industrial design, however, is beyond the scope of this thesis.

8.5 Summary
This chapter described the design and implementation of a prototype system
that followed a similar concept to the previous prototype, but also added
support for determining the position, and therefore order, of containers within
storage locations. The ability to determine ordering of containers within a
collection can be useful in a number of cases (as described in Section 8.1), for
example in libraries where the collections are maintained in a strict order. In
order to add this support, the design of the physical interface component of the
architecture described in the previous chapter was modified (Section 8.2), and
a prototype system was implemented based on the new design (Section 8.3).
The reliability of the system was discussed in Section 8.4. The next part of this
thesis discusses the evaluation of this prototype and the prototype discussed
in the previous chapter.



Part IV

Evaluation and Conclusions





Chapter 9

Evaluating the Functional
Requirements of SOPHYA

The previous three chapters discussed the development of three prototype sys-
tems. The first of these systems was a proof-of-concept prototype, described in
Chapter 6. This system, however, had several limitations which necessitated
the development of a second prototype system, which has been described in
Chapter 7. While this system improved on the design of the first prototype, it
was not able to determine the ordering of document containers in their physical
storage locations. In order to provide this functionality, a third prototype was
developed, as described in Chapter 8. This system followed a similar high-level
architecture to the second prototype, but added support for determining the
ordering of containers.

This chapter begins with a comparison of the second and third prototype
systems (Section 9.1), as these are the two main systems developed during this
research. The comparison outlines the differences between the two systems,
and shows how they complement each other. This comparison is followed
by three examples of potential applications of these systems in Section 9.2.
A discussion of how the high-level architecture that these systems fit into
enables flexibility in selecting which (or both) of the systems to use for a
given application follows (Section 9.3). Section 9.4 provides a review of how
well SOPHYA implements the functional requirements of integrated paper and
electronic document management systems that were identified in Section 4.4.1.
Finally, the chapter concludes with a summary (Section 9.5).
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9.1 Comparison of SOPHYA Systems
This section provides a comparison between the prototype systems introduced
in Chapters 7 and 8. Because these two systems are both variants of the same
high-level architecture, they are both regarded as variations of the SOPHYA
system. The first SOPHYA prototype is referred to as the unordered SOPHYA
system, since it is suited for managing collections that are not maintained in a
specific order, while the second SOPHYA prototype is referred to as the ordered
SOPHYA system, since it supports management of ordered collections.

Although the ordered SOPHYA system was developed subsequent to the un-
ordered SOPHYA system, it does not supersede the unordered system, since
each of these systems has its own advantages, and they are able to serve comple-
mentary purposes. An overview of the differences between the two prototypes
is given in Table 9.1.

Table 9.1: Comparison of unordered and ordered SOPHYA prototypes.
Technical differences Unordered Ordered

Detection of container order supported No Yes
Contact between containers and storage location Spine and sides Spine only
Container networks per storage location Few Many
Containers per container network Multiple One
Stacking of containers supported Yes No
User interface devices on container Yes No∗
User interface devices on storage location Partial† Yes

Application differences

Organisational strategy Piling Filing
Level of storage Hot, Warm Cold

∗ Not currently supported, but technically possible, see Section 11.3.2 for discussion.

† Storage location-based user interface components of the unordered system cannot
show the position of containers, and thus can only be used to support
container-based user interface components.

To be able to support detection of order, the storage locations of the ordered
prototype need to have many container networks (at least as many as there
is space for containers), and it must not be possible for multiple containers to
contact the same container network. This is in contrast to the unordered sys-
tem, in which the number of container networks per storage location is small
(as few as one), and there can be many containers on a container network. A
result of this is that the unordered system enables greater flexibility of con-



9.1 Comparison of SOPHYA Systems 151

tainer placement, for example supporting stacking of containers (as discussed
in Section 7.3.2) which the ordered system cannot.

Another difference between the systems is the placement of user interfaces
devices—the unordered system is designed for container-mounted user inter-
face devices, while the ordered system is designed for storage location-mounted
user interface devices. While it is technically possible for the ordered system
to support container-mounted user interface devices, this has not been imple-
mented in the current prototype (for a more detailed discussion of this see
Section 11.3.2). Conversely, since the unordered system is unable to deter-
mine the position of containers within the storage location, it is only possible
for it to display the position of a given container to the user with container-
mounted output devices. Thus, although storage location-mounted user in-
terface devices are possible, these are only able to act in a supporting role in
determining the locations of containers.

The technical differences between the systems result in practical differences
that make them suited to different roles. The unordered system is better
suited to supporting a piling strategy (see Section 2.3.1), where the order
of the elements being organised is not important. The ordered system, on
the other hand, best supports a filing strategy (see Section 2.3.1), where the
elements are organised in some order. Additionally, the unordered system is
more suited for hot or warm containers (as discussed in Section 2.3.1), that
are likely to be frequently moving around, through numerous storage locations
such as shelves, document trays, and desktops. The unordered system is better
able to support this type of use since it allows for more flexible placement due
to support for stacking by allowing contact between container sides as well
as their spines. Alternatively, the ordered system is better able to support
cold containers which are stored in archives, and where some ordering is often
useful. Therefore, in most cases where both piling and filing strategies are
followed, and/or a combination of hot, warm, and cold containers are used,
the two systems need to be used in combination.

The next section provides three examples of how the two SOPHYA systems
can be applied in different environments.
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9.2 Example Applications
This section outlines three examples of environments that could benefit from
SOPHYA. The first example is based on the observation of an office that was
visited as part of the observational study described in Chapter 4. The second
is a typical library environment, and the third example demonstrates how the
two different SOPHYA systems can be used together in an office to support
the management of different levels of information.

9.2.1 Production department

The first example of an environment that could benefit from integration of
paper and electronic document management using a system such as SOPHYA
is based on observation of a real-world office. The following scenario is loosely
based on the work-flow of Office 2, a newspaper production department where
advertisements are designed, as described in Chapter 4.

The work-flow begins with sales representatives in the field getting
jobs from clients. A ‘job sheet’ is then filled in for each job, and is
brought back to the office along with any related physical material.
All material relating to a job is placed in a ‘job-bag’. Information
from the job sheet is then entered into the job management software
and the job is assigned a unique ID. The job-bag goes to whoever
is working on the job, and may get passed around if more than one
person needs to work on it, though only one person can have it at a
time. Job-bags for jobs that are incomplete, but not currently being
worked on are stored on shelves at the centre of the office. These
shelves provide a quick visual indicator of how much work remains
to be done.

Such a work-flow could be supported using the technology of the unordered SO-
PHYA prototype, as shown in Figure 9.1a. The physical in-trays and desktops
of the designers working in this office are augmented with physical storage
location circuitry, and the job-bags are augmented with container circuitry.
SOPHYA enables the physical containers (i.e., the job-bags) to be integrated
with the existing job management system used in the office. Since, each job
(and thus job-bag) is already assigned a unique ID, the link between the phys-
ical job-bag and the the job’s entry in the job management system can be cre-
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ated by mapping between the job ID and the container ID of the augmented
job-bag. This could, for instance, be done when entering the electronic in-
formation about a job into the job management system. While doing this
the sales representative could place the job-bag on a container reader (which
could, for example, be a document tray designated for this purpose) to create
a mapping between its job ID and container ID.

The development of a more advanced job management system, and associ-
ated client software, would enable the office to take advantage of the extra
functionality made available by SOPHYA. For example, it would be possible
to track job-bags as they are processed and moved between different people,
making it possible to dynamically view the location and history of job-bags.
The job-bags could be augmented with user interface devices, such as LEDs,
so that, for example, as deadlines approach, the LEDs on the job-bags could
signal which jobs have the highest priority.

9.2.2 Library

The second example of an environment that could benefit from using SO-
PHYA is a library. Libraries are a good example of an environment where
the management of physical artefacts (e.g., books and journals) can benefit
from integration with electronic systems, such as electronic cataloguing and
lending systems. In a typical library, each physical artefact has an entry in
the catalogue, and the physical and electronic manifestations are linked by a
unique ID that they share. This unique ID is commonly encoded as a barcode,
which is attached to the artefact and is used to identify it (e.g., when check-
ing books in and out). However, barcodes are generally not used for tracking
the location of artefacts in the library. Instead, when artefacts are retrieved
from the shelves, they must be located manually using serial numbers that
are visible when the artefact is shelved. The lack of integration with an elec-
tronic tracking system means that if an artefact is, for example, placed on the
wrong shelf it has to be found by manual searching. This is especially an issue
for large libraries. Furthermore, previous research has indicated that library
patrons often have difficulty physically locating books (even those that are
shelved correctly) within the library (see McKay and Conyers, 2010).

These problems could be reduced by incorporating a system such as SOPHYA
for tracking the position of artefacts on the library shelves, and providing vi-
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Figure 9.1: Examples of different applications of SOPHYA.
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sual output that is embodied in the library shelves. Because libraries typify
an environment where collections are ordered, they are suited to using the
ordered version of SOPHYA. Figure 9.1b gives an example architecture for in-
tegrating physical artefacts and the electronic catalogue and lending systems.
The physical interface element of the architecture consists of the containers
(e.g., books) and storage locations (e.g., shelves) which are augmented with
SOPHYA circuitry. The SOPHYA middleware links these to the library man-
agement system.

The library system element of the architecture represents the existing catalogu-
ing and lending systems used by the library. The loan database keeps track of
items that are on loan, while the catalogue database provides catalogue infor-
mation about the items (e.g., title, author). The library management system is
responsible for combining location information from SOPHYA, with catalogue
and lending information from the library system, and making this available to
the client software.

Clients access integrated library collection information through the library
management software. There may be different clients for different purposes,
allowing different levels of access. For example, the librarian client would allow
librarians to access loan information for all library patrons and to add entries
to the catalogue database, while the patron client would only be able to view
information about books and loan information for the logged-in user.

The integration of the physical and electronic elements creates possibilities for
clients that would not otherwise be available, such as on-shelf visualisations
using the output display devices on the shelves, and remote visual browsing of
the shelves electronically based on the real-world position of the artefacts.

9.2.3 University faculty

The previous two examples have shown how the two SOPHYA variants could
be used individually to support specific document management needs in differ-
ent situations. However, there are many cases where the systems can both be
used within the same office, serving complementary purposes, such as manag-
ing different levels of information. One example of an office where this could
potentially be useful is the office of a university faculty. In such an office,
SOPHYA may be used for the management of student records.
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It was noted in Section 2.3.1 that people commonly work with multiple levels
of information (e.g., archives of cold documents, warm documents kept close
to hand, and hot documents that are in active use). In the case of a faculty
office, the records of past students may be considered to be cold, those of
present students could be considered to be warm, and records of students who
are currently going through the enrolment process could be considered hot. In
supporting the management of these records, it may be desirable to store the
cold past student records in a filing cabinet with strict ordering, and the warm
present student records in order on a shelf. The hot records for students in
the process of enrolling, however, would likely be better suited to the less rigid
structure afforded by a piling strategy.

These needs could be met by using both SOPHYA variants in combination,
as shown in Figure 9.1c. The ordered SOPHYA system could provide the
necessary support for maintaining the filing organisation of the cold and warm
records, while the unordered SOPHYA system would better support the hot
records (e.g., allowing them to be piled in document trays or on an augmented
desktop). The ability to support such a combination of SOPHYA systems is
enabled by the high-level architecture, as described in the next section.

9.3 High-level Architecture
These above examples showed how the different two SOPHYA implementa-
tions could be used for different applications. It is also possible that both
systems could be used together within the same application, but serving dif-
ferent purposes. It is therefore important that both systems can be supported
within the same architecture.

The architecture on which the SOPHYA prototypes are based was first intro-
duced in Section 7.2. This architecture is divided into four components (shown
in Figure 9.2): physical interface, middleware, DMS software, and client soft-
ware. As demonstrated by the examples in the previous section, the DMS
and client software are both application specific, and would vary depending on
where the SOPHYA systems are deployed. The SOPHYA middleware compo-
nent provides a level of abstraction between the DMS software and the physical
interfaces. It enables arbitrary combinations of SOPHYA physical interfaces
to be used depending on the needs of a particular application, and provides
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the DMS with a single hardware-independent view.

9.3.1 Middleware interface

The interface that the middleware exposes to the DMS software layer enables
such software to do the following:

• Get a list of storage locations.

• Get a list of containers (both those currently present in a storage
location and those that have been previously present but have
since been removed).

• For each storage location:

– get a list of which containers are present (in the order
that they are placed in the storage location if sup-
ported by the SOPHYA hardware);

– control the user interface output devices on the storage
locations (if included); and

– read from the user interface input devices on the stor-
age location (if included).

• For each container:

– determine which storage location it is currently in (if
included), or was previously in (if no longer present);

– determine the time of its most recent state change
(i.e., addition or removal);

Client
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Physical Interface Middleware DMS software Clients
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Figure 9.2: High-level view of the architecture of the systems described in Chapters 7
and 8, showing how the two systems are able to be used together.
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– control its user interface output devices; and

– read from its user interface input devices (if included).

• Receive events when a container is added to, or removed from, a
physical storage location.

• Receive events when a container is scanned by a connected RFID
tag reader.

The current middleware supports most of these features. It is currently de-
signed with support specifically for the container and storage location user
interfaces that have been implemented. As further user interface devices are
added to containers and storage locations, the middleware would need to be
updated to be aware of these. The design and implementation concerns sur-
rounding more advanced user interfaces are discussed in Section 11.3.2.

9.3.2 DMS software implementation

Using the middleware interface described above, DMS software can be devel-
oped that links electronic metadata to the physical containers. The software
can make use of the user interface devices on the containers and storage loca-
tions to perform functions such as showing users where to retrieve containers
from, where to place containers, and to display alerts.

The event notifications and corresponding information available through the
middleware interface can be used to add event driven features to the DMS
software. Examples of such features include logging of container history, iden-
tifying frequently accessed containers, as well as more application specific uses
such as detecting when a container progresses to the next stage in the office
work-flow. Similarly, for instance, the event generated when a container is
scanned by the tag reader can be used to trigger display on the appropriate
storage location to show where it should be placed.

The next section revisits the requirements introduced in Section 4.4.1, and dis-
cusses to what degree the features that SOPHYA provides to the DMS software
can be used to implement a system that would meet these requirements.
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9.4 Fulfilment of Requirements
This section provides a discussion of how and to what extent the SOPHYA
systems described in the previous chapters fulfil the functional requirements
specified in Section 4.4.1. It is worth noting that SOPHYA itself is not a
stand-alone system, but rather a component that would be combined with
other components (e.g., DMS software) in order to form a complete system.
Therefore, the sections below discuss the specified requirements in terms of
the functionality that SOPHYA supports, and other components that have to
exist in order to fulfil these requirements.

9.4.1 Organisation

Support filing a document into multiple categories

In order to remove the need to file multiple copies of a single document, it
should be possible to file a single paper document into multiple categories us-
ing electronic metadata. Although SOPHYA does not work at a document
level, it provides part of the solution to this problem. SOPHYA allows link-
ing a container to metadata, and the container metadata can include links to
metadata for documents within the specific containers. This metadata may
include the multiple categories to which the document may belong. Therefore,
it is possible to associate a single document with an arbitrary number of cate-
gories. This is similar to how some manual systems work (e.g., Wilson, 2001)
but SOPHYA provides improved linking between the physical and electronic
elements of the document management system through its embodied interface.

Integrate fragmented paper document collections

In the study described in Chapter 4, it was observed that fragmentation can
occur not only between paper and electronic document management, but also
when different paper document management systems are combined (for exam-
ple when companies merge). SOPHYA can assist in integrating these frag-
mented paper document collections in the same way that it bridges the frag-
mentation between paper and electronic document management. Therefore,
this requirement is met implicitly as part of the design of SOPHYA. Because
the fragmented paper document management systems would be managed by
a common metadata layer, the fact that their previous organisational systems
are fragmented is rendered irrelevant.
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Link paper documents to electronic documents

Another requirement was that the system should have support for linking
paper documents to electronic documents. This is another document tracking
problem, and therefore SOPHYA would not assist with this directly. To meet
this requirement some form of individual document tagging (e.g., with RFID
tags) would be required. This option will be discussed in Section 11.3.3.

9.4.2 Maintenance

Automate maintenance of collection indexes

The observational study identified that three of the visited offices used man-
ually maintained indexes to assist in locating folders within a collection. In
order to improve this, one of the requirements was to automate the mainte-
nance of such indexes using electronic metadata, both manually entered and
automatically generated.

As described in Section 7.2.1, SOPHYA operates at the document container
(e.g., folder) level. The indexes observed in the study were also maintained at
container level. SOPHYA is therefore ideally suited to enabling such indexes to
be maintained electronically and is able to provide tighter integration between
the collection index and the physical containers that it indexes. The extent to
which this is supported depends on the software implementation.

Simplify filing and refiling of documents

It was noted during the observational study that filing (and refiling) documents
was a time consuming task. Therefore, a requirement was to simplify this
process. Aside from removing the need to have multiple copies of a document,
as described above, SOPHYA can aid in simplifying the task of filing and
refiling. SOPHYA enables DMS software to be implemented that can aid the
user in selecting the right container to file a document in. In the case of filing,
the selection of the container could be done manually, or could be automated
with suggestions based on document metadata. In the case of refiling, it is
likely that the document would simply be returned to the same container that
it was previously stored in. Once the container that the document needs to
be placed in is identified by the DMS software it can use the output display
of the SOPHYA component to assist the user in finding the correct container,
and returning the container back to its current location once the document is
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filed in it. For example, when the user needs to refile a document they initiate
this process (e.g., if the document is RFID tagged, its tag could be scanned by
a tag reader) and the appropriate container would activate its output display,
quickly showing the user where to place the document.

Better support for purging irrelevant information

In order to reduce the amount of irrelevant information stored in collections,
one of the requirements was to better support purging of unnecessary and
irrelevant documents. This can be achieved, for example, by tracking the age
and frequency of access to specific documents and containers, along with other
properties such as their type, and combine this information with organisational
rules and policies to determine when documents, or containers of documents,
should be purged. SOPHYA can support this in two ways: firstly it can
track access to containers (and documents if combined with document level
tracking, as shown in Section 11.3.3), and secondly it can be used to display
alerts. The alerts feature could be used, for example, to indicate to users when
a container holds irrelevant documents that need to be purged. These alerts
could be generated either automatically (e.g., using set dates), or manually
when the user decides to purge specific documents (e.g., those that match a
certain set of criteria).

Reduce manual labour

An example of a time consuming manual task is starting a new folder. This
can be time consuming due to manual tasks such as labelling the folder, and
data entry. By automating parts of the data entry, and reducing the amount
of labelling required it could be possible to reduce this manual labour and thus
the time taken to create a new document folder.

9.4.3 Control

Track documents and document containers

In order for the system to be able to assist the user in locating containers
and documents, as well as preventing their loss, it is necessary to have some
method of tracking these containers and documents. SOPHYA is able to detect
the location of containers (with different levels of accuracy, dependent on the
SOPHYA implementation used). The method of connectivity employed by
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SOPHYA has the limitation that it is only able to track containers when
they are placed in a SOPHYA augmented storage location. However, there
are ways of reducing the effects of this limitation, by for instance having an
extended range of SOPHYA augmented storage locations, such as desktops
and document trays (as shown in Section 7.3.3), so that containers are always
stored in a SOPHYA augmented storage location. If greater control is required,
it is also possible to add some form of wireless tracking, such as the use RFID
tags, which will be described in Section 11.3.4.

To apply the same strategy to finding individual documents would depend on
the implementation of the document management system. It is possible, for
example, for information about which container each document is stored in to
be manually maintained in the database of the document management system
if they are not commonly removed from containers, or have set containers to
which they belong. If a more dynamic approach is required, SOPHYA could
be combined with some form of RFID document tracking, which is described
in more detail in Section 11.3.4.

9.4.4 Storage

Reduce storage space requirements

Reducing storage space requirements, especially with regard to paper docu-
ments was another requirement. This can be achieved as a result of meeting
several of the other requirements described here. For example, by improving
purging and reducing unnecessary duplication, the storage space requirements
of the paper document management system can be reduced.

9.4.5 Retrieval

Integrate locating of paper and electronic documents and document
containers

Another requirement that was identified was to provide better integration when
trying to locate paper and electronic documents. The approach that has been
taken, as described in Chapter 5, has been to develop a system that enables the
use of a common metadata layer that supports the management of documents
and information in both paper and electronic form. This common metadata
layer enables searching and browsing of metadata for both paper and electronic
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documents. Once the appropriate documents are identified, the SOPHYA
system that links between the metadata and physical document containers
can assist with their retrieval (as discussed below).

Reduce time locating documents and document containers

On multiple occasions participants in the observational study remarked on the
time consumed trying to locate documents and containers. Therefore another
of the requirements identified was that systems integrating paper and electronic
document management should reduce the time taken to locate documents and
containers.

Through its ability to use the output display components of the containers
and storage locations, combined with its ability to link these with electronic
metadata (as described above) SOPHYA is able to simplify the process of re-
trieving containers. For example, the process may have previously involved
opening the indexes spreadsheet, finding the appropriate entry in the spread-
sheet, finding the key that identifies the container (e.g., its unique ID number
or name), copying or remembering this key, going to the archive, and finally
locating and retrieving the container with the given key. This could be re-
placed with a simpler process of opening the document management software,
browsing or searching using appropriate metadata to locate the entry for the
required container, selecting the entry and instructing the system that it is
to be retrieved, and finally going to the archive and retrieving the container
whose output display is active.

The fact that SOPHYA operates at a container level, and the implications
that this has for the management of documents is discussed above. These
implications apply similarly here.

Reduce difficulty of finding documents and document containers in an
unfamiliar collection

Another requirement that was specified previously was to make it easier for
users who are unfamiliar with a collection to find documents or containers
within it. SOPHYA supports this requirement in that it makes it easier to
find containers (and to some extent documents) using metadata. By allowing
users to browse and search document collections using document metadata it
allows them to bypass the user specific organisational hierarchies. However,
while SOPHYA supports integration of paper document management with
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such a system, a DMS that supports these features needs to be used.

9.4.6 Miscellaneous

Ability to retrofit existing collections

Implementing the system such that it is efficient for retrofitting large existing
document collections is largely an industrial design consideration. While the
task of retrofitting large document collections would always be a labour in-
tensive operation, the labour would be significantly less when retrofitting with
SOPHYA technology than tagging individual documents. However, the needs
of the organisation would have to be balanced by the cost of this type of opera-
tion. For example, if container level management was sufficient and electronic
information was already available for the collection then retrofitting would po-
tentially be a matter of transferring the existing documents into SOPHYA aug-
mented containers, and linking these containers to their electronic metadata.
Whereas if finer granularity tracking of documents was required, the SOPHYA
retrofit could be combined with tagging of individual documents. Designing
SOPHYA for retrofitting is described in more detail in Section 11.3.5.

Ability to generate and display alerts

A feature that SOPHYA is able to support is the ability to display alerts using
the output display on the containers and storage locations. This could be used,
for example, to visually indicate the priority of different jobs in situations where
jobs correspond to a container. The electronic DMS can activate these output
displays to indicate, for example which containers need attention. With the
currently implemented output displays, different priorities could be displayed
using various LED colours, or higher priorities could be indicated, for instance,
by flashing the LED output display. Future SOPHYA systems may support
more advanced displays, and therefore more detailed display of alerts could
be supported. For example, if LCD screens were embedded in the storage
locations, they could provide a description of specific alerts.

The triggering of alerts would be implemented in the document management
software. For instance, they could be triggered based on inputs from the
system (e.g., the placement of a container in a given storage location), from
other systems (e.g., a document being scanned by an RFID tag reader), or
from software events (e.g., receipt of an email).
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9.5 Summary
This chapter provided a comparison between the two SOPHYA prototypes
that were described in the previous chapters. This comparison showed that
the two systems are able to serve complementary purposes, with the unordered
SOPHYA system being suited to supporting a piling organisational strategy
(as is commonly used for hot or warm documents), while the ordered system
is able to support a filing organisational strategy, where some form of ordering
is important (such as for archives of cold documents). Three example appli-
cations showed how the two different SOPHYA systems could be applied in
different environments.

The high-level architecture of SOPHYA that was previously introduced in
Chapter 7 was revisited, and was discussed in the context of both SOPHYA
systems. The design of the architecture abstracts the details of the physical
interface away from the application software, enabling the most suitable com-
bination of SOPHYA hardware to be chosen for a particular application. This
architecture allows, for example, both the unordered and ordered SOPHYA
systems to be used together simultaneously.

SOPHYA is able to be used as part of a system that fulfils the requirements
identified in Section 4.4.1. As previously discussed, SOPHYA needs to be com-
bined with other application specific software components. Therefore, the ful-
filment of these requirements is also dependent on these software components.
In cases where finer granularity of tracking than container level is required
(i.e., at the individual document level) or when tracking of containers outside
of storage locations is required, SOPHYA technology would need to be com-
bined with some form of wireless technology (e.g., RFID), which is discussed
in Section 11.3.3 and Section 11.3.4.

Although this chapter has demonstrated how SOPHYA, when combined with
other software components, is able to fulfil the specified functional require-
ments, a user evaluation of its usability was also needed. The next chapter
describes a user study of SOPHYA that has been carried out to demonstrate
the extent to which it supports integration of document management in an
office-type setting.





Chapter 10

Evaluation Study

This chapter describes the design, execution, and results of a user study that
was conducted in order to evaluate the two SOPHYA systems that have previ-
ously been described in Chapters 7 and 8. Both of these systems were evaluated
together, since they are able to serve complementary purposes, as described in
Chapter 9.

This chapter begins with a description of the study methodology (Section 10.1),
followed by sections describing the three parts of the study: the tutorial (Sec-
tion 10.2), tasks (Section 10.3), and interview (Section 10.4). These are fol-
lowed by an overview of the study participants (Section 10.5). Section 10.6
describes the application software that was developed for use in this study.
The results are then presented in two parts, quantitative (Section 10.7) and
qualitative results (Section 10.8). The chapter concludes with a summary
(Section 10.9).

10.1 Study Methodology
The first step in designing this study was to chose the type of study to con-
duct. The type of study needed to balance between, on the one hand, providing
users with a realistic environment in which to evaluate the system, and on the
other working within several constraints. These constraints include the reli-
ability of the system and the time frame of the research. While the current
implementations of the prototype systems provide a level of reliability that
is sufficient for a short-term laboratory-based evaluation, they would require
further development before being ready to be deployed in a real office. Sim-
ilarly, while the systems are scalable by design, the current implementations
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have not had enough hardware constructed to enable their use, for instance,
in large archives. Therefore, although perhaps the most beneficial method of
evaluating the system would be to deploy it in a real-world office environment
and conduct a longitudinal study of its use, this would be impractical given
the constraints described above.

Taking these considerations into account, a laboratory-based study was chosen
as being sufficient for evaluating the potential application of SOPHYA in an
integrated paper and electronic document management environment. However,
to add further value to the findings of the study, participants were chosen
carefully for their experience of working in offices that manage both paper and
electronic documents. The study aimed to get feedback from the participants
based on their valuable previous experience.

A number of people from a range of offices participated in the study. The study
was conducted individually with each participant, with the same process being
repeated for all participants. Each session of the study comprised three parts:

Tutorial. The first part of the session was a tutorial, the purpose of
which was to familiarise the participant with the hardware and
software that they would be using during the study.

Tasks. Once the participant had completed the tutorial, they were
asked to perform five separate document management tasks using
SOPHYA. At the completion of each task the participants filled in
a short questionnaire.

Interview. After all the tasks had been completed, an unstructured
interview was conducted with the participant.

Participants were given a handbook which provided all the instructions re-
quired to complete the tutorial and tasks (the handbook is included in Ap-
pendix E).

The study was conducted with the approval of the ethics committee of the
Faculty of Computing and Mathematical Sciences, University of Waikato. A
copy of the approval letter can be found in Appendix A.
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10.1.1 Experimental setup

The study was conducted in a usability laboratory at the Department of Com-
puter Science, University of Waikato. All the components of the system used
in the study were setup on a desk in the laboratory, as shown in Figure 10.1.
The components that were used included:

1. a shelf and 7 folders augmented with the unordered SOPHYA
technology;

2. a shelf and 12 folders augmented with the ordered SOPHYA tech-
nology (3 additional, unaugmented folders were placed on the shelf
as fillers);

3. four unaugmented, conventional document trays (used for organ-
ising documents as part of the study tasks);

4. an RFID tag reader; and

5. a laptop computer running the application specific software that
was developed specifically for this evaluation (described in Sec-
tion 10.6).

10.1.2 Task scenario

In order to provide as realistic a simulation of a real-world office as was possible,
a scenario of a business office was developed and used as the context for the
tutorial and tasks that the study participants performed. The scenario was
designed to simulate the type of office in which technology such as SOPHYA
would potentially be useful.

The scenario simulated the office of a fictitious landscape design firm, in which

1.

2.

3.

4.

5.

3.

unordered shelf

ordered shelf

document trays laptop computer

RFID tag reader

document trays

Figure 10.1: Experimental setup for the evaluation study.
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the participants enacted the role of a personal assistant to the manager of
the firm. The organisation of documents maintained by this fictional firm
was job-centric, and as such, documents were arranged into folders where each
folder corresponded to a fictitious job. Each folder was augmented with SO-
PHYA technology, which enabled the physical folder to be integrated with its
electronic representation in document management system (described below).

The office that was simulated in this scenario used a combination of the un-
ordered and ordered versions of SOPHYA in a manner similar to that described
in Section 9.2.3. The unordered SOPHYA system was used for job folders that
were ‘in progress’ (i.e., jobs that were, according to the scenario, being actively
worked on). These were the hot or warm job folders. On the other hand the
ordered SOPHYA system was used for the management of folders for ‘com-
pleted’ jobs that had been archived. The archived folders were stored on a
shelf in alphabetical order.

10.2 Tutorial
Each study session began with a tutorial that the participant had to complete.
This served to familiarise the participants with the systems that they would be
using during the study, and to get them accustomed to the environment. The
full text of the tutorial is in the evaluation handbook, included in Appendix E.

The tutorial stepped the participants through performing a task that the eval-
uation handbook described as follows.

You have received in your ‘in tray’ hard copies of the ‘Pool and
Driveway Maintenance Guide’, which need to be filed in the folders
of jobs that were started before 8 January 2010 and include a pool
and driveway.

To perform this task the participants had to perform several sub tasks, includ-
ing:

• searching for jobs that match the given criteria;

• locating and retrieving the job folders for those jobs using the
folder LEDs;

• placing the given documents into those folders; and
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• returning the folders to the appropriate places on the shelves.

Once the participants had completed the tutorial they began the second part
of the study, which required them to carry-out a set of tasks, as described in
the next section.

10.3 Tasks
The participants were given five tasks to complete. These tasks required the
participants to use SOPHYA to perform a range of filing activities which are
normally carried out in a typical office environment.

The instructions for each task were included in the evaluation handbook (Ap-
pendix E). These began with an overview of the task, followed by an enumer-
ated series of subtasks that the participant had to perform in order to complete
the task. The tasks are described in more detail below.

10.3.1 Task 1 — Retrieving folders using the unordered
system

The aim of the first task was to demonstrate the link between electronic search
and physical retrieval. The task required the participants to retrieve folders for
jobs that matched a given date criterion. The jobs that matched this criterion
were the ‘in-progress’ jobs, and thus the folders used the unordered version of
SOPHYA. A summary of the instructions for this task is given below.

The manager of Blandscapes wishes to review some of the jobs that
have been in progress since 9 April 2010, and has asked you to retrieve
the appropriate folders and place them in a tray to be collected later.

1. Use the search facility of the software to locate the jobs which are
still in progress, and which were started after 9 April 2010.

2. Retrieve the appropriate files and place them in the “Task 1”
document tray.
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10.3.2 Task 2 — Retrieving folders using the ordered
system

The second task was almost the same as the first task, except that the partic-
ipants had to retrieve folders for ‘completed’ jobs. Therefore, the participants
used the unordered SOPHYA system for Task 1, and the ordered SOPHYA
system for Task 2. The instructions for this task are given below.

You have been asked by one of the designers to retrieve the folders for
all jobs completed before 20 June, 2009.

1. Use the search facility of the software to locate the jobs which
were completed before 20/06/2009.

2. Retrieve the appropriate files and place them in the “Task 2”
document tray.

10.3.3 Task 3 — Collating specific documents from
different folders

The third task was more complex than the first two tasks, and demonstrated
how SOPHYA could be used as part of a larger task. Although the task was
clearly broken down into steps for the participants, it required some cognitive
effort on the part of the participants since the search for the folders had to
be done in two steps. The task required the participants to retrieve three job
folders based on two different sets of criteria. From each of these folders the
participants had to retrieve a specific document, and gather these documents
together into a new folder. The participants also had to return the folders that
they had retrieved back to their original places on the shelf.

Since the folders that the participants retrieved for this task were all for com-
pleted jobs, the ordered SOPHYA system was used. Therefore, when folders
were returned to the shelf, they needed to be placed in the correct position.
SOPHYA was used to provide guidance for placement of the folders. Each of
the folders had an RFID tag attached, which when waved past an RFID tag
reader caused the system to turn on the LEDs at the position where the folder
belonged on the shelf (as discussed in Section 8.3.6).

The instructions that the participants were given for this task were as follows.
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One of the company’s sales reps is going to meet with prospective
clients. You have been asked to prepare a file of some completed
drawings to be shown to clients at the meeting. The sales rep has
asked for drawings from all jobs that match either of the following
criteria:

• completed jobs with a pool and water feature
• completed jobs matching the keyword “Newton”

Repeat the following steps for each of the criteria bullet pointed above:

1. Bring up the Search Jobs window.

2. Use the search function to find the job(s) matching the criteria.

3. Use the software to determine the folders’ real world positions
and retrieve them from the shelf.

4. Retrieve the design from each folder and place it into the meeting
folder (you will find this in your “In Tray”).

5. Return the folders to the correct location on the shelf (refer back
to the tutorial section Returning folders to their shelves to re-
mind yourself of the correct procedure for returning folders).

6. Close the Search Jobs window.

10.3.4 Task 4 — Combining paper and electronic
documents

The fourth task was designed to demonstrate that SOPHYA could be used to
integrate the management and use of both electronic and paper documents. In
performing this task participants used a combination of paper and electronic
documents. Participants were required to retrieve an electronic document from
the electronic job folder, as well as paper documents from the physical job
folders. The electronic document was, in the context of the scenario, a list of
changes that a client had asked to be made to a design. The participants had to
compare two revisions of the design (in paper form) and decide whether these
changes had been made. The changes themselves were simple and obvious, as
the purpose of the task was not to evaluate the ability of the users to ‘spot
the difference’, but rather to demonstrate how SOPHYA could potentially be
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used in a paper-electronic work-flow.

The text of the instructions for Task 4 is given below. For the complete version
of these instructions, including the images they contained, see Appendix E.

During the lifetime of a job, the drawings done by the designers will
be viewed by the client, giving the client the opportunity to request
changes be made to the drawing. The designer will then make the
requested changes. Before the drawing is shown to the client again,
you are asked to review the changes that have been made against the
list of changes provided by the client.

This type of task involves working with documents both in the real
world (the drawings) and on the computer (the change list). The
following steps will walk you through the process of performing this
task for the client named “Davie”.

1. Browse or search for the Davie job using the search window.

2. Double click on the job name in the list of search results. This
will bring up the job information window (shown on the right
below). This is the “virtual” representation of the job. It shows
information associated with the job that is stored in the database,
as well as listing the documents for that job.

3. The “Change List” is an electronic document, stored on the com-
puter. To view it double click the “Change List” document in the
job window’s document list (as shown above). This brings up the
list of changes requested by the client.

4. The Retrieve Folder button (see above) can be used to retrieve
the folder. Click it to illuminate the folder’s LED and retrieve
the folder.

5. In the folder you will find hard copies of the two most recent
drawings (you can tell which one is newer by looking at the re-
vision number in the bottom right hand corner of the drawing).

6. Compare the two hard copy versions of the document and check
whether all the changes listed in the “Change List” have been
applied. You may find the “Guide to Drawing Symbols” in the in
tray useful.
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7. If the changes were not applied correctly place the job folder in
your “out tray”, otherwise return it to the filing cabinet (if neces-
sary refer back to the tutorial section Returning folders to their
shelves to remind yourself of the correct procedure for returning
folders).

10.3.5 Task 5 — Generating alerts

The purpose of the fifth and final task was to demonstrate to the participants
the capability SOPHYA has to display peripheral visual alerts. Since this task
was intended as a demonstration of the alert feature only, it did not require
the participants to actually setup alerts, but rather asked them to make use
of alerts that had, in the context of the scenario, been previously setup.

Two types of alerts were demonstrated, a time-triggered alert that would be
generated when a time-based condition was met (e.g., alerting the user to
an impending deadline), and an event-triggered alert that would be gener-
ated when a given event occurred (e.g., receiving a certain job folder in one’s
in-tray). The two alerts that were demonstrated were described in the instruc-
tions that were given to the participants, which are included below.

The software has the ability to generate alerts at given times or under
set conditions. When an alert is triggered the LED for a given folder
will light up green (if it is an in-progress job), or blink (if it is a
completed job). Potential uses of time-based alerts include alerting
you when jobs need immediate action (for example getting close to
deadline) or indicating jobs that might need attention (such as jobs
that have not had any recent activity). Other alerts may be triggered
by the software, for example receiving an email from a given client
may trigger an alert for their job folder.

Part I

For this task we will assume that an alert has previously been setup
to highlight in-progress jobs that have had no activity within the past
seven days. After seven days of a job having no activity the alert will
be triggered and the folders green LED will light.

In order to save confusion when performing other tasks, it is possible
to turn the alerts off (as they have been in the previous tasks). To
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enable alerts click the Activate Alerts button in the toolbar at the top
of the main window (shown below).

Now retrieve the folder(s) whose green LEDs are lit (i.e., those that
have had no activity in the past 7 days) and place them in your “out
tray”, as you will give them to the manager to review.

Part II

Another alert was previously setup to be triggered when a given doc-
ument was returned to you; this was to remind you to file the doc-
ument back into its original folder. The alert is activated when the
document’s tag is scanned by the tag reader. When this happens it
will cause the LED of the appropriate folder to turn on.

You will find the document, (shown below) in your “in tray”. Scan
its tag (on the back of the document) and return it to the appropriate
folder.

10.3.6 Questionnaires

At the completion of each task, the participants were presented with a ques-
tionnaire to fill in. The questionnaire form was included as part of the software
application that was used in the study. The questionnaire form needed to be
filled out before the participants were able to proceed to the next task.

The questionnaire consisted of five questions, which are listed in Table 10.1.
These same five questions were repeated for each of the five tasks the partic-
ipants performed. Each question was made up of two parts: a rating and a
justification for the rating. The participants gave a rating for each question
on a scale of 1–7, with 1 being very difficult and 7 very easy. For the second
part of the question, participants were asked to give the reason as to why they
gave a particular rating.

Table 10.1: Questions that were asked at the completion of each task.
No. Question

Q1. How easy was it to understand the task you have just performed?
Q2. How easy was it to perform the task using SOPHYA?
Q3. How easy would it be to perform this task again using SOPHYA?
Q4. How helpful was SOPHYA in assisting you to perform this task?
Q5. How easy would it be to perform this task manually (without SOPHYA)?
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10.4 Interview
After the participants had completed all five tasks, an unstructured interview
(see Gorman and Clayton, 2005) was conducted with them. The aim of the
interview was to gain an insight into the participant’s background, and get
feedback from them about the SOPHYA systems, based on their past office
experience and the experience that they had just had using SOPHYA to per-
form the study tasks. To guide the interview a set of open-ended questions
was used. These questions were used as a guide only, and were not strictly
adhered to. The questions are listed in Table 10.2, where they are divided into
three groups: those relating to the background of the participants and their
previous office experience, those relating to the usefulness of SOPHYA, and
those relating to the adoption of SOPHYA in the real-world.

Table 10.2: Questions used as a guide when conducting the unstructured, open-ended
interview.

Background

Do/have you worked with paper documents in your work?
How do/did you manage them?
How large was the collection of documents?
Would others use the documents/files as well?
How would you collaborate/share the documents/files?
Do/did you deal with sensitive files?
How was security implemented? How did you control access to files?

Usefulness of SOPHYA

Based on your experience, do you think a system such as SOPHYA would be useful in the
offices you have worked in? Why/why not?
Can you see any other situations where it might be useful?

Barriers to adoption of SOPHYA

Can you see any barriers to using such a system?

10.5 Participants
The participants for this study were carefully selected to ensure that they
had sufficient experience dealing with paper and electronic documents in real
offices, and that they were familiar with the processes of filing, search, and
retrieval of folders and documents. The purpose of this selection criteria was
to make sure that the participants could provide a realistic comparison between
the document management tasks they performed during the study while using
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SOPHYA, and their real-life experience of performing similar tasks in their
normal work environments.

A total of sixteen participants were selected for the study. Of these, ten were
female and six male. Most (14) of the participants were from various units
across the University of Waikato. Thirteen of the participants worked in of-
fices where they dealt with paper documents and files on a daily basis, one
participant had previously worked as a librarian, one was a researcher in the
field of knowledge management, and one worked solely with electronic docu-
ments.

10.6 Application software
As stated in previous chapters, the SOPHYA prototype systems that have
been developed do not include electronic document management software due
to the variation in requirements for such software between offices. Because of
this, a software application that provided document management capabilities
needed to be developed for use in this evaluation. Also, since the focus of the
study described in this chapter was evaluating the functionalities provided by
SOPHYA, and not the usability of the application software, the design of the
software was kept to a minimum level. Only the type of functionality that was
needed for the study was implemented in the software, which was also tailored
to the specific task scenario described earlier.

Perhaps the most important element of the developed client application was
the search tool, which enabled participants to search for information about
the job folders, and the documents they contained, using metadata associated
with these jobs (e.g., keywords, start and completion dates, and job types).
Figure 10.2 shows the search screen of the client application. Once a user had
completed a search activity, the application software enabled the user to locate
the relevant folders and documents by clicking on the retrieve button and then
visually identifying them in the folder shelves (e.g., by turning their LED on
to a specific colour).

As well as implementing the roles of DMS and client software, the application
software also collected data needed for the evaluation, for example the time
it took the participants to complete each task. At the end of each task, par-
ticipants were asked to fill in a questionnaire (see Section 10.3.6). The client
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Figure 10.2: The Search form of the evaluation software, showing a search for all jobs
that were started before 08/01/2010, and which include a pool and drive-
way. Two jobs match this search, Crampton and Flatman.

application would display the questionnaire form on-screen (Figure 10.3) for
the participant to fill in before they continued on to the next task.

10.7 Quantitative Results
This section presents the quantitative results of the data collected during the
study. It begins with the time taken to complete the tasks and the completion
accuracy results for each of the tasks, followed by the ratings that participants
gave on the post-task questionnaires.

10.7.1 Completion time and accuracy

The quantitative data that was collected during the study included the time
taken to complete each task, and the accuracy with which these tasks were
completed. The results of the analysis of this data are shown in Table 10.3.
The completion times shown are the average across all participants, while the
accuracy is the percentage of participants that completed each task correctly.

The time was measured from when the participants began each task (i.e., after
the submission of the questionnaire for the previous task) until they began the
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Figure 10.3: Screenshot of the questionnaire form that was displayed to users at the
completion of each task.

Table 10.3: Percentage of participants who completed each task accurately (e.g., re-
trieved the correct folders) and average time taken to complete each task.

Task Accuracy (%) Time (mm:ss)

Avg. Std. dev

T1. 94 02:35 01:38
T2. 50 02:55 00:27
T3. 81 05:46 01:18
T4. 94 04:23 01:15
T5. 100 03:04 01:41
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questionnaire for that task. The average times taken to perform the tasks were
between 2 and 6 minutes. Considering the fact that the participants were not
familiar with the organisation of the documents and folders, and therefore had
to rely fully on SOPHYA to perform the tasks, these times can be considered
to be rather short in duration.

The completion accuracy is the percentage of people who completed each task
correctly (e.g., retrieved the correct folders). The accuracy was high for all
the tasks except Task 2. Most of the errors that reduced task completion
accuracy were caused by what could be considered “clerical” errors, rather
than being due to the participants’ use of SOPHYA. For instance, in the case
of Task 2, participants were instructed to retrieve folders for jobs completed
before 20/06/2009. However, ten of the 16 participants missed this detail when
reading the instructions, and entered the correct day and month, but the wrong
year (2010 instead of 2009) in the search form. As a result of this the search
returned 12 folders rather than only two as was intended. On seeing such an
unexpectedly large number of folder LEDs light up, three of the participants
re-read the instructions and re-entered the criteria correctly. However, seven
participants proceeded to retrieve all 12 folders.

In the case of the third task, participants were required to retrieve documents
from several folders that matched some given criteria. For this task, the main
difficulty that the participants encountered was working out how to correctly
enter the search criteria. Those that did not complete the task correctly either
did not realise that two separate searches needed to be conducted or entered
the criteria for the second search without first clearing the criteria for the first
search from the search form (which was necessary since the search results were
updated dynamically as search criteria were entered into the form).

10.7.2 Questionnaire ratings

The average ratings given for each of the questionnaire questions of each the
study tasks are shown in Table 10.4. The participants rated SOPHYA very
highly in terms of ease-of-use, re-use, and the assistance it provided (Questions
1–4).

Many of the comments made by the participants, both on the questionnaire
form and in the interview, supported their positive ratings of SOPHYA’s ease
of use. During the interviews, participants commented on how easy or intuitive
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Table 10.4: Median and inter-quartile range (in parenthesis) of ratings given for the
questions of each task questionnaire (given in Table 10.1).

Average Ratings
T1. T2. T3. T4. T5.

Q1. 6 (0.640 ) 7 (0.063 ) 6.5 (2.000 ) 6 (1.300 ) 7 (1.000 )
Q2. 6 (1.300 ) 7 (0.047 ) 7 (1.000 ) 7 (1.300 ) 7 (1.000 )
Q3. 7 (1.000 ) 7 (0.000 ) 7 (0.480 ) 7 (1.000 ) 7 (0.000 )
Q4. 6 (2.300 ) 7 (0.480 ) 7 (1.000 ) 7 (1.000 ) 6.5 (1.000 )
Q5. 4 (2.300 ) 3.5 (3.000 ) 3.5 (2.000 ) 4 (2.000 ) 4 (2.000 )

it was to learn and/or use SOPHYA. While, the simplicity of the tasks and
the design of the client application specifically for this evaluation (as opposed
to a general purpose document management software application) may have
had some bearing on the perceived ease of use, it is likely that many of the
features of SOPHYA would remain easy to use even in a more complex setting.
Some of the feedback related to ease of use included:

• “With that [SOPHYA] you just find where everything is and where it
should go.”

• “Because the light was flashing, it completely removed any kind of thinking
process and seemed to speed up the file retrieval process hugely.”

• “It seems to me very simple, find it, there goes a light, swipe it, put it
back; it’s pretty intuitive in that regard.”

• “It’s very easy to use once you’ve got the hang of it. And the more you
used it the easier it is.”

The fifth question concerned completion of tasks without using SOPHYA.
The participants felt that, based on their experience, the study tasks would be
rather difficult to complete without using SOPHYA, especially if carried out
in a full-scale office. The three main reasons given by participants for their
ratings for Question 5 were:

• SOPHYA saves time over manually looking through all the files;

• SOPHYA provides the ability to search the database for folders
matching given criteria; and

• it is easier to find folders with SOPHYA when unfamiliar with the
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filing system.

10.8 Qualitative Results
This section presents the feedback that was received from the participants
during the study interviews. It is divided into sections based on the struc-
ture of the interview questions discussed in Section 10.4. The first section
(Section 10.8.1) covers the participants’ comments, based on their document
management experience, as to whether or not SOPHYA would be useful in
their own work environment, and their reasons for this. Section 10.8.2 covers
the participants’ views on what may be barriers to the adoption of SOPHYA
in real-world offices. Finally, Section 10.8.3 describes several improvements
that could be made to SOPHYA based on the feedback received.

Direct quotes have been transcribed from audio recording of the interviews
and some have had minor editing to improve readability.

10.8.1 Usefulness of SOPHYA

Six of the thirteen participants who worked with paper documents on a daily
basis said that they would find SOPHYA useful in their office. The seven
participants who did not think SOPHYA would be useful in their office gave
reasons for this, which can be grouped into three main categories.

• Their office work-flow focused more on individual documents, rather
than folders.

• The number of folders that they worked with was small enough
that they knew them well and would not need to use software for
assistance.

• The organisational system that they already had in place was
serving them well enough.

The first point shows that in order for SOPHYA to be suitable for these offices,
it needs to be integrated with some form of individual document tracking to
keep track of where documents are (e.g., which folder they are in). This was
discussed previously in Section 9.4. To provide such functionality SOPHYA
could be combined with, for example, an RFID-based document tracking sys-
tem such as the one described by Arregui et al. (2003). This is discussed
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further in Section 11.3.3.

Regarding the second and third points, the organisational systems may work
well for their current users, but may not be suitable if other people needed
to use them. For example, two of the participants who felt that their current
organisational system served them well enough noted that SOPHYA would
be useful when accessing their co-workers’ filing systems. Similarly, another
participant said of his filing system: “it works for me cause I know it, and I
memorised it. If someone else sat in my chair and had to work it all out they’d
probably struggle with that. Because the logic that I use, and the labels that I
use, make sense to me, but it may not make sense to someone else.”

Two of the participants who did not feel that SOPHYA would be useful in
their office said that although they knew their organisation well, and could
easily find folders, SOPHYA could be useful when needing to search based
on criteria which they had not previously envisaged. Additionally, two of the
participants who said SOPHYA would not be useful in their current office said
that it would be useful in a previous office they had worked in.

Usefulness in other offices

The study participants were also asked if there were any other types of offices
that they thought could benefit from using SOPHYA technology. Suggestions
from the participants included:

• large paper-based offices such as legal offices and accounting firms;

• offices that deal with large, unwieldy documents such as diagrams
or maps, which are better suited to use in physical rather than
electronic form; and

• offices where there are many casual or temporary staff, since SO-
PHYA allows a filing system be used by someone who is not fa-
miliar with it.

The use of SOPHYA technology to support management of library books has
been discussed previously (see Section 9.2.2), and the benefit of SOPHYA to
this type of environment was confirmed by one of the study participants who
had experience working as a librarian. On the topic of misfiling she pointed
out that “once [a book] is misfiled it’s useless, so if this can take out misfiling
things it is very appealing”. Regarding SOPHYA she remarked, “the lights are
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what would save a lot of time and energy”. The use of SOPHYA technology in
libraries would simplify the process of shelving and reduce the training required
for this task, which would allow skilled librarians to concentrate on other tasks.

Another use for SOPHYA technology that was suggested, though not specifi-
cally related to an office environment, was to assist with storage and retrieval
of spare parts in the aviation industry. One of the participants described a sys-
tem that is currently used for storing spare parts, in which parts are allocated
randomly to storage bins, rather than being grouped (e.g., by type: screw,
bolt, etc.) or ordered (e.g., by size). This means that similar looking parts are
not located together, reducing the likelihood of the wrong part being retrieved.
The participant stated that SOPHYA would be perfect in this scenario, since
this would enable the search for a part to be performed electronically, and the
result displayed using a light to indicate the bin that the part needs to be
retrieved from. Even though this is not specifically a document management
task, SOPHYA is able to support the management of physical artefacts in
general.

Potential benefits of SOPHYA

During the interviews, the participants described what they felt were benefits
of SOPHYA. This feedback has been grouped into categories and is presented
below along with discussion.

Saving time when retrieving and returning documents. A major benefit of SO-
PHYA that was identified by the participants was that it would save time
when retrieving and returning documents. One of the participants noted that
“having a system like this would just cut down that down time of just fumbling
through”. Another participant remarked: “that was what I thought was a big
thing, being able to know where to put something back, that must add up to
probably weeks of saved time over a year for people”.

One of the participants spoke of his past experience in an office where “they’d
have at any time probably over 1,000 contracts active. Each one had a paper
file which had the hard copy of the contract and a bunch of other stuff that
had to be there, and usually a bunch of electronic files associated with it. It
was an on-going disaster to keep those things matched, getting them back in
the right place, losing them, knowing who’s got them, etc. I can easily imagine
something like this saving that system hours of work. Just being able to ‘we need
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to find contract such and such’, ‘oh there it is’, grab it”. He said that he could
see SOPHYA being useful in “organisations in those sort of cases, especially if
you’ve got significant numbers of files and need to keep paper copies, and need
to have other people access them and that sort of stuff ”.

Talking about the time that could be saved with a system like SOPHYA he
said the following: “for people doing invoicing and stuff that requires inter-
action with the files it must be like an hour a week or a significant chunk of
time when you add up the process of ‘where is this file’ and then there’d be
some cases where it would save heaps . . . where there’s emails going around
the organisation and people hunting high and low. So I would say it’s not un-
reasonable to say it’s quite significant, maybe an hour or a couple a week for
people that have to interact with those files a lot”.

As discussed in Section 4.4, increasing the efficiency of manual operations such
as retrieving and returning documents was a core aim in the development of
SOPHYA. The costs of inefficient document retrieval have been described in
previous research, such as that of Blair and Gordon (1991) who state that
“businesses pay a real financial price when they cannot locate needed informa-
tion, retrieve and act upon information that is incorrect or outdated, or spend
inordinate effort attempting to locate important information”. There is, there-
fore, real benefit to be achieved by improving this, and the feedback quoted
above shows that SOPHYA has strong potential to reduce the overheads of
locating and retrieving paper documents in real offices. This is related to two
of the requirements that were introduced in Section 4.4.1: simplify filing and
retrieving of documents and reduce time locating documents and document con-
tainers. The feedback from the participants shows that SOPHYA has made
progress towards meeting these two requirements.

Integrating electronic searching and real-world display of results. While the use
of an output display mechanism such as LEDs enables folders to be quickly
located, it was pointed out by some participants that this by itself may not
be of great benefit. However, the fact that this ability was combined with
electronic searching was described by participants as a benefit. For instance,
one of the participants said that “if it was just ‘oh where should I put this file’
then it’s probably not really going to be that successful, people are going to say
‘it’s just as quick to find it alphabetically,’ but when it’s connected to searching
for certain things it is really good”.
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Similarly, another participant noted that “for reporting, being able to use the
search thing that you’ve got there [is a benefit] . . . we could look at what con-
tracts are expiring at a certain date and put up all those ones. [It] would be
quite useful”.

This feedback highlights the benefit of SOPHYA as a system for integrating
physical and electronic document management, since it is the ability to use
electronic metadata when performing actions with physical documents (e.g.,
search and retrieval) that makes SOPHYA useful.

Ensuring folders are returned to the correct place. In environments such as large
offices where multiple people share collections with complex filing schemes,
the misplacement of files can become an issue, as exemplified by the following
quote. “Often with that amount of files, go to look for a file and someone
has used it and has put it just a little bit out of place, because either they’ve
transposed the numbers in their mind as they’ve put it back, or put it according
to the numbers, but then we have special files that are not filed by that numerical
number—they have their own separate shelf as well because they are special
projects”. Similarly, another participant stated: “not having to deal with the
problem of misfiled stuff is very useful because that’s the most time consuming.
Other people come and fiddle with my files and they don’t necessarily put them
back in the right place. Then I’m thinking where the hell’s my file, and then I’ve
got to manually scan through each one, instead of just relying on the numeric”.

Without integration between the physical folders and the electronic document
management system, once a folder is misfiled it has to be found by manually
searching through the collection. However, with a system such as the ordered
version of SOPHYA it is possible to assist the users so that they place folders
in their correct places. The alert feature can also notify users when a folder is
misplaced.

Alternatively, SOPHYA can remove the reliance on ordering as a means of
locating folders, since it can guide the user to selected folders using its output
display mechanism (in this case LEDs). One participant commented on how
this “changes your mindset about priorities”, regarding feeling in control of the
organisation of folders her filing system, “intuitively you want to sort them, you
feel like you need to have them in alphabetical order or date order, or something
. . . so that you feel like you have got control over them. But you can’t possibly
have control”. However, she went on to say that SOPHYA removes the need to
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have the folders in a specific order: “you don’t need to have them in alphabetical
order, you don’t need to have them in date order. The LEDs and the tracking
tells you where they are. Fabulous”.

The ability of SOPHYA to ensure folders are returned to their correct places
demonstrates that SOPHYA is able to simplify the filing and re-filing of doc-
uments, which is one of the previously identified requirements.

Locating files outside a collection. The ability to locate a file that has been
removed from a document collection was seen as another benefit of SOPHYA.
For example, “there’s always emails going around ‘has anyone seen the file for
such-and-such’”. Similarly, another participant said “with the files I deal with,
sometimes I’ll have to, say for example, get sign off from another manager.
So I will give the files to them. In my tracking spreadsheet I will put down—
so I know where it is—‘have put on bla-bla-bla’s desk’”. Another participant
remarked “the hardest thing is when files get removed from the spot where
they live. The first difficulty is if they get taken from the office, then it’s all
compounded exponentially when they get moved around beyond that. You don’t
know who’s got them, or where they’ve gone. You don’t know how to get them
back. That’s always the biggest issue, is the disappearance. This would track
files brilliantly, it would be fantastic”.

Although SOPHYA itself cannot track the movement of containers outside
of storage locations, it can for example log who removed the container. In
relation to this, one participant suggested that requiring the users to swipe
their ID card when retrieving a folder from the collection would mean that the
system could keep track of who has taken which file. This concept has also
been discussed in previous research, such as that related to RFID document
tracking (e.g., Arregui et al., 2003). In order to provide tracking of containers
outside of storage locations, SOPHYA would need to be combined with some
other tracking mechanism, such as RFID (as discussed in Section 11.3.4).

Making it easier to use an unfamiliar filing system. Making it easier for people
to use an unfamiliar filing system is considered to be another benefit of using
SOPHYA. This is something that is demonstrated when people try to use
a filing system they are unfamiliar with: “You really notice how complicated
your filing system is or isn’t when you have new staff. They just have no idea,
can’t find anything”. However, SOPHYA could mitigate this problem: “you
could have part time [staff] come in if you had a system where the manager
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could find what he/she needed when someone wasn’t there”.

Cole (1982) notes that the more frequent and dynamic a person’s interaction
with information is, the more familiar they become with it. It is logical,
then, that new or temporary staff, as well as staff who do not frequently
interact with a filing system (e.g., a manager) will be unfamiliar with it, and
therefore likely to find it difficult to locate appropriate information within it. A
system such as SOPHYA can enable these sort of infrequent users to perform
tasks such as searching, retrieval, and returning of documents (as discussed
above) without requiring an intimate knowledge of the filing system. In fact,
one of the requirements identified in Section 4.4.1 was that such a system
should reduce difficulty of finding documents and document containers in an
unfamiliar collection.

Ability to display alerts. The ability of SOPHYA to display alerts was consid-
ered valuable by a number of participants. One participant mentioned that she
would be more inclined to pay attention to flashing lights on the folders than
to electronic reminders: “if there were flashing lights on my rotascan I would
so deal to those quickly before anyone else saw them. You’re sitting there and
your boss comes in and sees lots of flashing lights on these files, they’re gonna
know you’ve been slack”.

The ability to generate and display alerts was identified as a requirement of the
system in Section 4.4.1. This concept is not new. For example, one participant
described the computer-based reminder system used in her office, which is ef-
fectively an electronic to-do list updated each Monday for the coming week.
Similarly, Arregui et al. (2003) describe how rule-based alerts could be gener-
ated in conjunction with RFID document tracking and displayed on a mobile
device or on a screen attached to a filing cabinet.

SOPHYA is able to display alerts on the appropriate folders or storage loca-
tions, which means that they appear peripherally. Alerts on the computer
are considered more “in-your-face” and could be easily closed; whereas, it was
suggested by one of the participants that if she was required to walk over to
the folders in order to acknowledge the alert, then “I might as well pull the file
out now that I have to go all the way over and touch it”.

The feedback regarding alerts shows that this feature of SOPHYA was deemed
useful. Reasons for this included the visibility of the alerts (both to the user
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who they are intended for, and to other people such as their managers) and
their peripheral nature. Because the alerts are not displayed in a way that
interrupts work, they can act as a persistent reminder until such a time as
appropriate action is taken, rather than being dismissed because they are in-
terfering with the user’s immediate work (as may be the case with on-screen
alerts).

Ability to identify infrequently used folders. Because SOPHYA incorporates log-
ging of the most recent activity of the physical containers (i.e., retrieving from
or returning to their storage location), it is possible for the DMS software to
detect which folders have not been accessed in a certain period of time. This
ability of SOPHYA was demonstrated in the first part of the fifth task, where
the participants had to retrieve folders that, in the context of the task, had had
no activity for the past seven days. This was highlighted as a useful feature by
one of the participants: “sometimes you’re so busy with other students, ones
that are knocking on the door all the time, you forget about the ones that don’t
even bother to turn up to anything. Having some kind of system like that so
you can keep on top of everything would be awesome”.

This is an example of the use of metadata that is automatically generated from
the users’ interactions with the system in combination with the alert feature of
SOPHYA. This is again similar to the rule based-alerts described by Arregui
et al. (2003). However, in the case of SOPHYA the alerts are combined with
the output display on the folders or filing cabinet. Identifying infrequently
used folders is just one example of the application of such rule-based alerts.

Changing filing behaviour. It was suggested by one of the participants that
because SOPHYA makes the task of filing easier, this could have a positive
impact on people’s filing behaviour. “I have a mate . . . and his office is covered
in piles of paper waiting to be filed, and he never can find anything. I keep
saying ‘I sent that to you a month ago, you should have it already, why am I
sending it again?’ because he never does his filing. But if you change behaviour
by making things that easy to do, then that’s gotta be a plus—then you’re
increasing productivity too, and that’s always a go for employers”.

Whether or not SOPHYA would be of benefit in such a situation would depend
on the reasons behind such filing behaviour. It may, for example, be a means
of delaying classification because the person does not have enough information
to know how to file a given document, in which case SOPHYA could assist
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by allowing the document to be physically filed into a ‘miscellaneous’ folder
and then have classifications managed electronically. Similarly, the filing of a
document may be delayed in order to keep it visible so that it can act as an
ongoing reminder that it needs to be followed up. SOPHYA may be able to
assist with this, for example by integrating with an electronic to-do list and
using the alerting feature. Another potential reason for delaying filing is that
it is time consuming, or perceived as such, and if SOPHYA is able to reduce
the time taken to perform this task (or the perception of the time taken) then
it may be able to change filing behaviour. It is not possible to make such a
conclusion based on the information gathered in this study, but it would be an
interesting theory to test in a future study (e.g., a longitudinal study of the
effect of SOPHYA on a filing behaviour).

Reduction of duplication in shared and personal archives. Another potential ben-
efit of SOPHYA is that it could reduce duplication of documents in shared
environments by making them easier to find. Speaking of his previous office
experience, one participant remarked “it was so much of a pain to find the
contracts I ended up printing them myself. Every year it must have been over
a 1000 pages of contracts and other stuff that was all in the files but it was
just such a performance to find it some of the times that it was just easier to
print it out”.

This is similar to the findings of Whittaker and Hirschberg (2001) that one
reason as to why people kept personal copies of shared documents was that they
did not trust the library or archive system where the shared documents were
kept. For example, one of their participants stated: “I started making copies
of the articles I really cared about, and many of the articles in the cabinets
in here are those kinds of articles . . . if I had guaranteed going forward access
to a library that I knew would supply my needs, I would be happy to donate
them to a worthy home”. Therefore, by making it easier for people to find
the documents that they need within a shared archive, they may no longer
feel the need to keep their own personal copies. This has the added benefit of
a reduction in unnecessary printing and use of storage space, which is one of
the previously identified requirements of the integrated document management
system.



192 Chapter 10 Evaluation Study

10.8.2 Potential barriers to adoption of SOPHYA

The aim of this study was not only to evaluate whether SOPHYA would be
potentially useful in offices, but also to identify any problems that need to be
taken into account to enable such a system to be useful in the real world. For
this reason, the participants were asked if they could foresee any barriers to
the deployment of SOPHYA. The participants provided a range of responses,
which are summarised below.

Cost. A potential barrier that was noted by the participants was the cost of
deploying and maintaining such a system. There would need to be a demon-
strable benefit to using the system (e.g., savings in terms of time and effort,
reduced document loss, etc.) to outweigh such costs. As one participant noted:
“being inefficient might prove to be cheaper, even though it might be more frus-
trating and annoying”. “You’d have to see if doing it this way uses less energy
overall compared to your traditional style of office maintenance which is put it
in a pile somewhere, then physically search through it later”.

Costs involved with SOPHYA could include the initial setup—in terms of time
and equipment, especially if retrofitting an existing manual system—as well
as on-going costs as new folders are added and existing ones are maintained.
However, such costs are not specific to SOPHYA and would similarly apply to
any method of augmenting the physical document management system with
electronic hardware. In fact, because SOPHYAmanages containers rather than
individual documents, this would require fewer artefacts to be augmented than
with a system that tags every document.There is, therefore, a trade-off between
the cost of deploying such systems and the degree of functionality that they
can provide. A balance between these two factors would need to be found in
each office, since the needs of offices vary.

Training is another potential cost of deploying SOPHYA that would have to
be taken into account. However, this study has shown that learning to use
SOPHYA is not likely to be very difficult or time consuming. Additionally,
the training required to use SOPHYA is likely to be less than the training that
would be required to introduce staff to a manual system that they are not
familiar with.

Data entry. Another potential problem that was mentioned is that a system
such as SOPHYA is dependent on accurate data entry. If information about


