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Abstract: A pervasive computing approach to asset, problem, and knowledge management reduced the average time to complete 
all major helpdesk tasks, and led to faster data availability, improved data quality, improved help desk effectiveness, improved 
help desk Return on Investment (ROI), lower overall Total Cost of Ownership (TCO), and increased user satisfaction. We 
describe the conceptualization, design, and construction of wireless laptop and PDA-based asset, problem and knowledge 
management systems.  The systems work on a Lotus Notes/Domino-based server, supporting both wired desktops and wireless 
laptops and personal digital assistants (PDAs), to assist in the management of a divisional desktop support team across the U.S.   

 
 

Introduction 
 
The following quote (IBM Pervasive Computing Website 2002) indicates the importance of pervasive computing in 
managing information: “Information is the new currency of the global economy.  We increasingly rely on the 
electronic creation, storage, and transmittal of personal, financial, and other confidential information, and demand 
the highest security for all these transactions.  We require complete access to time-sensitive data, regardless of 
physical location.  We expect devices – personal digital assistants, mobile phones, office PCs and home 
entertainment systems – to access that information and work together in one seamless, integrated system.  Pervasive 
computing can help us manage information quickly, efficiently, and effortlessly.”  Although the term “pervasive 
computing” is relatively new, its concept has historical precedence.  Companies like IBM (IBM Redbook 1995) and 
United Parcel Service (Brewin 2002) implemented pervasive computing infrastructures as far back as 1982, and the 
IBM system was developed, as was our system, to improve the effectiveness of Field Technical Support personnel.  
Pervasive computing is all about access to your information, anytime, anywhere, from any device. 

The system described here was developed for a company, hereafter referred to as ABC Company, that spends 
more than three billion dollars a year to procure technology.  A major portion of this expense is for new desktops, 
servers, and associated peripherals.  In spite of such a huge yearly investment, there has been no system to 
consolidate the technology procurement and to track the assets throughout their life cycle, making it difficult to 
compute the TCO of the assets.  Also, there was no knowledge transfer of the kinds of problems encountered and the 
procedures followed by different support groups on such hardware/software throughout the organization.  This is not 
only ABC Company’s problem, but also one that is much broader and requires the attention of the industry 

This paper summarizes a dissertation (Kalia 2002) that studied the effects of pervasive computing on the 
management of a technology Help Desk environment.  The research activities included the conceptualization, 
design, and construction of wireless laptop and Pocket PC 2000 Operating System PDA based asset, problem and 
knowledge management systems to assist a divisional desktop support team across the U.S.  The systems worked on 
a Lotus Notes/Domino-based server supporting both wired desktops and wireless laptops and PDAs.  First, we 
created a baseline from our desktop computing Help Desk environment.  Then, we established a pervasive 
computing implementation and measured the change in the quantity and quality of Help Desk calls handled.  We 
hypothesized that the pervasive computing implementation would reduce the time to complete the helpdesk tasks, 
speed data availability, improve data quality, improve help desk effectiveness, improve help desk ROI, lower overall 
TCO, and increase user satisfaction.  

Pervasive computing has its limitations, and one source (Grimm 2000) lists three scope-limiting areas: user 
interface and form factor limitations, network constraints, and multiplicity of administrative domains.  We have 
removed, or at least lessened, the effect of these constraints by applying suitable limitations on the scope of our 
implementation. We addressed the user interface and form factor limitation by limiting the devices used to the 
Compaq iPaq PDA that uses the Pocket PC 2000 operating system, desktop and laptop computers running current 
versions of the Microsoft Windows operating system, standardizing the laptop selection on the IBM ThinkPad.  We 
addressed the network constraints issue by limiting the network architecture to our corporate Intranet with its wired 
Ethernet and wireless 802.11b access, and no access was made available from outside this infrastructure.  We 
addressed the multiplicity of administrative domains limitation by limiting a user logging on to the network from a 
desktop, laptop, or PDA to a single network identity (User ID and Password) for authentication.   



Methodology 
 
The project was divided into two phases: baseline and pervasive computing.  For the baseline phase, January 
through December of 2001, we developed a suite of asset, problem and knowledge management applications in 
Lotus Notes and implemented them in a pure desktop-centric client/server environment.  In the baseline phase, we 
captured the asset, problem and knowledge management data from the three sites: Tampa, FL, Boston, MA and New 
York, NY.  In the pervasive computing phase, January through April of 2002, we used the handheld computers and 
collected similar data for comparison purposes.  All data were replicated across the WAN at regular short intervals 
and made available across the country to 5,000 plus users through Lotus Notes.   
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Figure 1:  Network Architecture 
 
Figure 1 shows the overall network architecture used for this application in the three supported locations, the 
configuration of wired Ethernet LANs at each location, and the Wireless Access Points that allow wireless laptop 
computers and PDAs to be an integral part of this network.  It also indicates the positioning of the Lotus Notes 
servers that house the applications and databases, and the data replication topology used to keep the databases at all 
locations in synchronization.  The PDA clients consisted of two models of the Compaq’s iPaq PDA using the Pocket 
PC 2000 operating system. The desktop and laptop client application development was all done using Lotus Notes 
development tools.  Lotus Notes is a workflow development tool, which integrates, e-mail, text databases, workflow, 
and forms. The downloading and reformatting of Lotus Notes data to fit on the smaller PDA screen was done using 
Cadenza, a PDA based Lotus Notes client developed by Common Time, Ltd., that reshapes the data presentation to 
fit on the smaller presentation area of a PDA screen to integrate with Lotus Notes. 

Asset, problem and knowledge management systems were designed, developed, and deployed in a client/server 
environment to provide a suite of Help Desktop applications supported by a set of corresponding back-end Lotus 
Notes databases.  The Asset Management System was developed to provide an on-going tool to capture desktop 
hardware and software asset information.  We used Lotus Notes because all users had Lotus Notes on their desktops 

  



and Lotus Notes servers were already present to support these applications.  The Problem Management system is a 
workflow application developed in Lotus Notes and used to record all incoming desktop problem calls.  Each 
desktop has a Problem Management icon to invoke the application.  The application enables a desktop user to enter 
his own problem calls; or optionally call one of the helpdesk agents and have them record the call on his behalf.  
Once recorded, a call may be viewed from New York, Boston, or Tampa instantaneously.  A recorded problem is 
also automatically reported to the assigned engineer for immediate action.  An engineer has multiple ways to find 
out about, and address, a reported problem.  He may use a hyperlink in the e-mail message to jump directly to the 
problem record in the Problem Management system, call up the Problem Management application itself and select 
only his calls, and/or he may even review and accept other people’s calls and address them.  The Knowledge 
Management system feeds off of the Problem Management database and is merely a reporting mechanism.  It allows 
a Field Service Engineer to immediately retrieve information on past problems by category (printer problems, LAN 
problems, etc.), and provides a basis to perform more extensive analyses of problems, solutions, and trends.   

The client/server architecture supported the suite of applications.  Clustered Compaq servers hosted the various 
Lotus Notes/Domino servers that supported the Notes based applications.  The components consisted of Lotus 
Notes/Domino Web Server clusters, LAN/WAN/Wired/Wireless Network infrastructure, and Clients.  We chose to 
use the Lotus Notes/Domino servers as our data repositories and Web servers for simple seamless data replication 
across our locations, for faster development, and for easy future enhancements.  The standard Lotus Notes E-mail 
architecture across the company made it a convenient platform for the research and implementation.  The network 
infrastructure was based on the existing infrastructure at ABC Company, augmented with new wireless capabilities.  
Data synchronization was necessary to present the same view of the data at all locations, and was a key objective of 
this project.  The three Lotus Notes/Domino server clusters were located on the ABC Company Corporate backbone 
and thus shared the same wide area network across the country.  
 
Results 
 
During the baseline and pervasive phases, we collected approximately 12000 Lotus Notes records, each 
corresponding to a help desk call and containing the following information: the engineer responding to the call, the 
date and time the call was initiated, the date and time the call (task) was completed, and the support category of the 
call.  We downloaded these records into a spreadsheet and removed those of calls not completed within the day 
received – that is, where the date of the call did not match the date of completion – because they may not accurately 
represent the time to completion that we were interested in analyzing.  We discarded about 2400 records through this 
data cleansing process, leaving 9662 records suitable for our comparison testing.  The records were sorted by date 
and divided into two groups to represent the baseline phase (Jan-Dec 2001) and the pervasive phase (Jan-Apr 2002).   

We then sorted the calls by category and found that more than ninety percent of the total 9662 records belonged 
to fifteen dominant categories according to total sample size, and that these categories were reasonably represented 
in both the baseline and pervasive phases.  The remaining 731 records not in the fifteen dominant categories were 
consolidated into a single “catch all” category.  Most of the categories (all but 3 and 4) fall under Gartner’s technical 
support category (Berg et al. 1998).  The sixteen categories are: LAN connectivity problems, Lotus Notes install, 
printing problems, hardware – equipment procurement, new software installations, LAN password resets, in-house 
application support, software – problems, hardware – new installations, Internet support, Lotus Notes ID creation, 
new user set-ups, LAN account lockouts, relocations, mobile PC support, and the remaining categories combined.   

Table 1 lists the sixteen categories by descending sample size – that is, the sum of the number of help desk calls 
in both the baseline and the pervasive phases – and, for each category, presents the total sample size, the baseline 
sample size, the baseline average time to completion, the pervasive sample size, the pervasive average time to 
completion, the decrease in the average time to completion in moving from the baseline phase to the pervasive 
phase, the percent decrease, the corresponding Chi Square statistical test value, and the corresponding null-
hypothesis probability (p) value as a decimal and in scientific notation.  The totals and overall statistical test values 
(for all 16 degrees of freedom) are also shown at the bottom of the table.   

All categories benefited from a decrease in the average time to completion of the tasks, with the percentage 
decrease ranging from 3 to 62 percent.  From the p values it is clear that the benefit of moving from the baseline to 
the pervasive implementation is statistically significant for most of the categories; eleven of the sixteen category 
decreases were significant with p < 0.05, and most of these, as well as the total, were significant with much lower p 
values.  Therefore, the move to the pervasive implementation to handle help desk calls was highly beneficial.  The 
engineers spent less time commuting, worked on more complex problems, and their productivity increased to 
handling three times as many calls per month.   

 

  



Task

Total 
Sample 

size

Baseline 
Sample 

size

Baseline 
Avg Time 

(sec)

Pervasive 
Sample 

size

Pervasive 
Avg Time 

(sec)

Time 
Decrease 

(sec)
% 

Decrease
Chi-

Square p (decimal) p (scientific)
1 1544 827 2525 717 2363 162 6.4 1.47 0.22532012 2.25E-01
2 1419 555 5075 864 4678 397 7.8 5.29 0.02140613 2.14E-02
3 1068 521 5544 547 5031 513 9.3 5.12 0.02361844 2.36E-02
4 884 386 5982 498 5784 198 3.3 0.64 0.42231671 4.22E-01
5 809 321 4384 488 3014 1370 31.3 41.22 0.00000000 1.36E-10
6 808 541 1588 267 1006 582 36.6 11.24 0.00080256 8.03E-04
7 645 391 4769 254 3675 1094 22.9 12.58 0.00039088 3.91E-04
8 549 256 3990 293 3778 212 5.3 0.65 0.41972157 4.20E-01
9 375 180 7598 195 4440 3158 41.6 50.49 0.00000000 1.20E-12

10 252 95 3170 157 3016 154 4.9 0.23 0.63025296 6.30E-01
11 153 34 5075 119 1928 3147 62.0 45.81 0.00000000 1.30E-11
12 113 38 3837 75 2630 1207 31.5 5.62 0.01777955 1.78E-02
13 112 25 1492 87 813 679 45.5 5.30 0.02128186 2.13E-02
14 109 53 3550 56 2410 1140 32.1 4.04 0.04431985 4.43E-02
15 91 28 5458 63 3471 1987 36.4 8.99 0.00271397 2.71E-03
16 731 342 3368 389 3045 323 9.6 2.38 0.12312043 1.23E-01

Total 9662 4593 59805 5069 51082 16323 27.3 201.08 0.00000000 1.28E-34  
 

Table 1: Average Completion Time of Baseline Versus Pervasive Phases for 16 Task Categories 
 
 

Conclusions 
 
We can now determine how closely our results match our hypotheses.  From the statistical test results, there is no 
question that that the benefit of moving from the baseline to the pervasive implementation reduces the time to 
complete the helpdesk tasks.  Compared to the first four months of the baseline period, the number of calls handled 
from the four months of the pervasive period tripled to speed data availability and improve data quality.  A trend 
analysis showed that we could handle more calls because there is less commuting, a wider Knowledge Base, and 
remote access to all tools, improving the effectiveness of the Help Desk.  The more effective Help Desk handled 
three times the number of calls with the same staff, clearly improving ROI and TCO.  The increased number of calls 
is also a good indicator that the implementation of pervasive computing improves user satisfaction, which was 
verified by feedback from the engineers who worked during both the phases. 

We provided an integrated suite of asset, problem and knowledge management applications and found that these 
three solutions, taken together, provided benefits greater than the sum of the benefits that these applications would 
have provided individually.  With the TCO of a desktop computer estimated at $10,000, the non-purchase factors far 
outweigh the cost of purchase (Berg et al. 1998).  The only way to reflect these costs accurately is to keep asset and 
problem management data together so that we can see how the cost of ownership increases as the hardware and 
software age. 

As a further benefit of centralizing these data, we were able to evaluate the effectiveness of our Field Service 
Engineers.  These data also provided a free source of training for them, since they could see the types of problems 
that they were likely to encounter in practice and the solutions to those problems, and this free training resulted in 
significant savings in training expense and enabled the company to utilize engineers with a lower skill set. 
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