
Chapter 7:  Conclusion

Research and design efforts on a new wheelchair PAU invention have successfully
produced an inexpensive, highly-portable product which can quickly convert a manual
wheelchair into a power-operated wheelchair.  Two generations of working prototypes
have been developed and fabricated over the three-year duration of the project.
Evaluations conducted with the second prototype have demonstrated the effectiveness
of the new PAU and defined performance and user interaction characteristics.  Results
of the evaluations were combined and interpreted to produce a list of identified
problems and recommended design changes.  It is suggested that this list serve as a
basis for the design process during the next product iteration.  Summaries of the
findings are presented here with a statement concerning the future of the project.

Expert Information Interview Evaluation
Interviews conducted with eight experts in the field of wheelchair operation and
rehabilitation sciences identified user interaction and performance concerns.  The
experts also provided suggestions which were incorporated into the subsequent
evaluations and avenues to improve possible design deficiencies.  No significant
problems were identified, and therefore no major changes were made to the prototype
prior to the performance and usability evaluations.

Performance Evaluation
Performance tests with the PAU in power mode produced the following results with a
165-pound user load:

--  The PAU is capable of traversing a one inch high vertical obstacle.
--  The maximum speed produced by the PAU is 2.25 miles per hour.
--  The PAU is capable of operating for over four miles on flat ground with one

charge of a nine pound battery (the unit will operate with larger batteries as
well).

--  The PAU can ascend a smooth ramp with an angle of six degrees.  With a rough
surface, the PAU can ascend a ramp with an angle over ten degrees (new
building codes limit ramp angles to approximately five degrees).

--  The evaluation team was unable to create a maneuvering scenario on flat
ground which caused any wheel of the wheelchair to leave the floor (thus the
device affords good dynamic stability).

--  Additional tests found that the PAU can be reliably operated on carpet, wet
surfaces, over common obstacles (short curbs, thresholds, etc.), and on rough
surfaces such as gravel and cement pocked with holes.

Usability Evaluation
The PAU was successfully evaluated in a usability study with wheelchair operators to
demonstrate usability, identify and prioritize design deficiencies, and determine
avenues for improvements.  Testing conducted with seven potential consumers of the
PAU found the device to be quite usable.  On the scale of one to seven, where one is
"Easy" and seven is "Difficult," the average "ease of operation" rating provided by the
participants was 2.3.  All of the participants with normal upper body capabilities were
able to independently attach and detach the PAU and battery, transfer in and out of the
wheelchair with the PAU attached, and maneuver the unit in power mode.  Results
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also determined that the time required to perform these evaluated tasks was far less
than the time the subjects estimated they would be willing to spend on the tasks as
consumers.  Four of the seven participants said that the product would be useful to
them.  Two of the seven explained that they are too active in this stage of their lives to
use such a product, and the last participant simply stated that it "does not fit my needs."

Design Recommendations
The results from the usability evaluation were compared to findings from the expert
information interview and PAU performance evaluations.  These combined outcomes
were reviewed for trends indicating aspects of the PAU design which may be
decreasing performance effectiveness or user satisfaction.  The findings have been
interpreted and combined with design team input to produce a suggested list of design
features which need to be changed with the next PAU prototype iteration.  The
following design deficiencies outline the major areas identified.

--  Safety issues included identification of a pinch point at the top of the column unit
and loss of wheelchair control resulting when the drive wheels lose ground
contact or friction.

--  Components which require a stronger design include the securing crossbars,
the handle, and contact surface areas of aluminum parts.

--  Maneuvering in reverse is difficult due to the trailing drive wheel assembly.
--  Attachment and detachment procedures are designed for two dexterous hands.

One-handed procedures were identified as a design priority.
--  Excessive resistance to motion can exist between the upper crossbar and

securing blocks which must articulate.
--  Some component locations and accessibility features provide unnecessary

obstacles to operator procedures.  Identified components include the battery
sling, upper crossbar release mechanism, column in transfer mode, external
wires, and column unit plug.

--  The handle arm design, oriented toward the user, precludes use of the PAU by
large operators.

--  The finger trigger requires finger strength and dexterity to operate.

Product Development Process
The next step in the product development process is to address design areas where
changes will be necessary (where testing has identified safety issues).  A
simultaneous cost/benefit analysis can be performed on the recommended design
changes which are not mandatory.  Project managers may wish to base this analysis
on refined target consumer population characteristics and other production and
maintenance factors.  The next generation prototype development team should also
include a manufacturing specialist to develop mass production strategies for
component fabrication and assembly.

Social Benefits and Future Applications
The new PAU invention has been designed to provide independence to disabled
persons which has not previously been available.  Transportable, powered mobility
means that wheelchair users can easily move their wheelchairs from one location to
another in a personal vehicle, and then travel longer distances when arriving at the
new location.  People who previously required an attendant to push the wheelchair up
grades, will be able to power up slopes independently.  The features of the new
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design and expected low cost will make this independence available to a much
broader pool of consumers than the more expensive products with safety and
operational deficiencies.

Future applications of the product may also include providing inexpensive powered
mobility to countries without the financial resources to provide more elaborate
assistance.  The product may be useful to organizations with limited funds that must
offer customers powered mobility as required by law.  The increased independence of
wheelchair users may alleviate some of the strain on local governments required to
provide transportation to wheelchair users.  This may be accomplished by permitting
larger numbers of wheelchair operators to utilize personal vehicles, thereby
decreasing the load on accessible public vehicles.  It is also anticipated that as a
leased item, the new invention will offer transportable powered mobility to the
temporarily disabled who are not equipped to handle the special transportation needs
of bulky electric wheelchairs.
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