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Acquisition of labor and equipment (L&E) data is an essential activity
for Army inctallation Directorates of Engineering and Housing (DEHSs).
This data is necessary for accountabilty and mission reporting
requirements. Current methods of collecting L&E data result in an
unacceptably high proportion of incorrect submissions and significant
costs for entering the data into a host system. The DEH at the U.S.
Army, Europe at Heidelberg, Federal Republic of Germany, is seeking
ways to improve L&E data acquisition methods. Improvement should
be realized in the form of reduced acquisition costs in terms of
employee time use (productivity) as well as in significant reductions
in incorrect submissions of L&E data.

The U.S. Army Construction Engineering Laboratory (USACERL) has
surveyed multiple DEH organizations and the current state of
computer technologv io identify strategies for addressing L&E data
acquisition problems at Heidelberg. This report summarizes the
findings and makes specific recommendations. The major recom-
mendation is to pursue pilot testing and implementation of push-
button station technology. Together, the hardware and software
components of this technology offer entry method options (push-
buttons, keyboard, barcodes), ability to screen for incorrect data, and
meaningful reporting. Reasonable implementation costs, strong
vend2r support, high likelihood of acceptance, and the promise of
notable return on investment strongly support this recommendation.
It is also proposed to implement an educational program on the
purpose, importance, and benefits of correct L&E data submission,
including interim improvement of the current manual system and
expansion of microcomputer networks for improved distribution of
data, communications, and problem resolution. A scanner test in
progress at Grafenwoehr and barcode research at USACERL should
be reviewed when the results become available. Preparation for the
finlded |FQ.M is also recommended.
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STRATEGIES FOR IMPROVING LABOR AND EQUIPMENT
DATA ACQUISITION FOR THE HEIDELBERG DIRECTORATE
OF ENGINEERING AND HOUSING

1 INTRODUCTION

Background

Directorates of Engineering and Housing (DEHSs) are primarily responsible for operations and
maintenance (O&M) at their installations. This function requires the management of many resources daily.
Routine tasks, most of which are coordinated manually, have become complicated by the large volume
of data related to labor and equipment (L&E) usage. This situation presents a management problem
because collection of accurate L&E data is cssential to provide accountability and meet reporting
requircments for the DEH.

The main drawbacks with currcnt management of L&E data are the methods of collection, the high
cost of data entry, and the poor accuracy of the resulting data base. Mcaningful analysis of workload data
depends on complcte, accurate entry of L&E usage at the time work is performed. However, recent
studies on the cffectivencss of Army preventive maintenance programs and analysis of historical workload
information for potential commercial activities (CA) have revealed that much of this data is inaccurate,
incomplete, or both. These errors arc largely due to incorrect entries on the L&E cards used in collecting
the data and to incomplete recording of work completed. Inconsistent use of task codes also has led to
incorrect workload records.

The U.S. Amy, Europe at Heidelberg, Federal Republic of Germany, is seeking ways of improving
its current method of handling L&E data. At present, the Heidelberg DEH uses the Integrated Facilities
System (IFS) to store the data. With this system, clerks key in L&E data that has been read from paper
forms collected from the employees/shops.

The ability of computer technology to store and manipulate huge amounts of information suggests that
L&E data collection could be automated. Therefore, the Heidclberg DEH has asked the U.S. Army
Construction Engincering Research Laboratory (USACERL) to investigate this possibility and identify
approaches that could improve productivity, reduce the cost of data entry, and result in fewer errors.

Objective

The objective of this work is to survey current methods of managing L&E data, review state-of-the-art
automated technology for potential application, and recommend an approach that wili best address current
problems with L&E data collection, entry, and accuracy at the Hcidelberg DEH.




Approach

USACERL visited Hcidelberg to analyze the current operating procedures. In addition, several
installation DEHs in the continental United States (CONUS) were surveyed to learn about their L&E data
collection methods. The information obtained was used to identify weaknesses in the current practices
and opportunities for exploiting automation to improve efficiency. Next, the market was surveyed for
automated systems that could potentially serve the DEH's needs. Those systems that looked promising
were examined in more detail. Automation strategies were developed based on findings from the review
of operations and commercial software; recommendations are given in this report.

Scope

Automation technologies covered in this report include scanners, microcomputers, barcoding, and
pushbutton stations. Several promising technologies were not evaluated in detail because they are still
immature (e.g., the ability to scan barcodes on a monitor rather than from paper, voice recognition, and
natural language interfaces). This report is intended only to state the problems, challenges, and expected
results from each strategy examined; it is not within the scope to resolve all issues connected with
automating the DEH or to calculate exact costs and benefits. The recommendations developed for the
Heidelberg DEH may not apply to all Army installations due to the foreign location of that activity.




2 CURRENT OPERATIONS AT HEIDELBERG

Like other DEHs, the Heidelberg DEH is composed of divisions organized according to functional
responsibilities such as Housing, Fire Protection, Buildings and Grounds, Utilities, and Engineering Plans
and Seivices. The divisions are subdivided into more specialized branches and sections. The DEH
cmploys foreign nationals to supplement its workforce.

As noted in Chapter 1, Heidelberg uses IFS, which requires manual collection and entry of L&E data.
The data is often written or summarized multiple times. Shop foremen must recopy and summarize L&E
data on summary report forms. To obtain this information, they must ensure that those they supervise are
submitting it as rcquired. This data collection and reporting is a time-consuming task that takes the
forcmen away from their regular work. (Surveys of CONUS DEHs showed that shop foremen devote an
average of 2 hr per day 1o working with L&E data and an additional 3 hr to preparing other paperwork,
somc of which is related to L&E.)

Other offices at the DEH are responsible for completing the various reports that require L&E data.
Here, the data often is entered into a microcomputer that will help in producing the reports. Again, L&E
data is taken from forms and manipulated manually (by keying it into the computer).

IFS-M researchers hope to climinate both the redundant data entry and the need for handwritten
reports and summaries. Indeed, the benefits of decisions made after reviewing informative reports from
IFS-M data (e.g., resource allocation and productivity trend reports) hold the most potential for dollar
savings at the DEH. If the significant reduction or elimination of handwritten reports at the shop level
is realized, increased productivity can be expected. For example, since the shop foremen are often master
craftsmen, freeing time for them to devote their personal skills to shop work could be expected to increase
productivity.

Currently, the equivalent of two full-time employees enter L&E data from handwritten forms into IFS.
When incorrect data is entered, IFS often rejects it. Institutional knowledge nceded to recognize why data
is rejected requires at least 3 months of job experience for the data entry clerk. In addition, correcting the
data requires timc-consuming rescarch, during which the clerk may have to call upon other individuals
for help. Although researching the reasons for rejected entries may not be an official duty of the data
entry clerk position, the clerks perform this task.

If the numbcr of rejected data entries could be essentially eliminated, data entry clerk labor could
likely be reduced by SO percent. In addition to creating a bottleneck at the computer, inaccurate data
mcans that many manhours must be devoted to correcting it. One clerk also commented that she could
type faster than the system could accept input; this is a common situation with many minicomputer and
mainframe data cntry programs.

Errors can occur when data from handwritten forms is keycd incorrectly into IFS. This error rate in
transcribing the information, some of which is duc to poor legibility, may bc about S percent. However,
failurc of employces to write correct data on the L&E card is the principal source of crrors. The total
crror rate at the Heidelberg DEH may be as high as 25 percent. Error rates of 30 percent have been
rcportied by several other DEH organizations.




The IFS-M addresses many data handling problems in the DEH. However, methods of collecting and
cntering L&E data still need to be improved. Although automated systems can reject some incorrect data,
cflective methods for assuring greater initial accuracy at the source--the empioyee--are needed. (The U.S.
Army Engineering and Housing Support Center {[USAEHSC] ‘< currently sponsoring research at
USACERL to investigatc the feasibility of using barcode technology as a data entry method for IFS-M.
Differcnt types of barcode hardware and software are being tested and a report on the work is scheduied
for the end of FY91.)

Any automation technology must be viewed as a tool to be employed by DEH personnel in day-to-day
work and must be selected accordinglv. It is also important to note that any tool selected for
implementation by the DEH must be introduced appropriatcly to personnel who will use it. This
introduction must include training and other efforts to ensure proper usage and encourage employees to
take maximum advantage of computer tools. These issues are examined further in Chapter 3.




3 HUMAN FACTORS TO CONSIDER BEFORE AUTOMATING

Definition and Importance

The "human factor” is a term !o characterize the often unreliable response of persons to various
requirements and tasks as a result of their perceptions. No matter how well conceived a manual or
automated system might be, failure to consider that humans must understand and take part in its success
will likely lead to discouraging results. The human factor must be considered in the big picture of each
automation strategy and addressed as much as possible in designing every system.

An important issue to consider for automation is the human factor reponse to data entry. The nature
of "data entry" has made it one of the most feared terms related to automation. The tcdiousness of this
task is a problem that has been pervasive since the introduction of automated systems. Many attempts
have been made to disguise the data entry task or make it more interesting, but the basic procedure has
remained unchanged. Rather than focusing on easier methods of data entry, it is essential to consider the
human factor--the ways in which human beings respond to automation and data entry in particular.
However, easy the mechanics of entering or submitting data become, addressing the thought process that
causes a person to undertake the task and perform it as best as possible is paramount. The first way 10
cngage this thought process is through education.

Education Required

Training must be scheduled for everyone who will handle L&E data at Heidelberg. Since virtually
cvery person must submit L&E data, education must be provided for all (military, administrative/ civilian,
and shop/other employee:z). Methods of communicating key guidance may need to be adjusted to
compensate for differences in language and educational level. Topics that need to be addressed are (1)
the purpose, importance, and benefits of the activity, (2) the mechanics of using a particular system or
tecchnology, and (3) examples and exercises to effect proficiency with the system. Biennial refresher
training should also he part of this education.

Human response to computers can take several forms, ranging from unrealistic cxpectations to highly
negative attitudes. Some new users assume computers can do anything, while others become convinced
they cannot do anything. Resentment of that which is not understood or which represents the performance
of a task perceived as distasteful and providing few or no benefit(s) can lead to reluctance to use a system.
Therefore, onc of the goals of education is to present a realistic, practical view of automated systems by
addressing the above topics.

Current Attitudes

The current attitudes of DEH personnel who use the minicomputer host are varied and represent the
full spectrum. Some individuals see automation as a solution, while others perceive only another "job to
do." Of intercst are findings from a questionnaire administered to DEH shop managers at 9 CONUS
installations, ranging in size from small to large. The 94 responses (of 120 sent) revealed that 31 percent
of shop managers currently use some form of automation--typically the microcomputer. Of those without
automation, 67 percent felt that automation could cnhance their ability to perform their duties. Whether
such opinions arc based on actual knowledge or simply expectations, these results indicate that it is
recasonable to consider introducing automation at shops currently using manual methods of data collection.




Addressing the Paper System

Automation strategies recviewed in this study that do not require electronic entry of data by all
employees will require that some or many employces continue to use pencil and paper. Any strategy that
would require direct entry of data through automation by all employces would likely be implemented in
phases, again resulting in use of a paper system by somc until implementation is complete. As discussed
above, training is essential to the success of any system, including a manual system. By understanding
how to implement a paper system properly, employees should be able to use an automated system more
cffectively, as well. Elements of a successful paper system are summarized below.

Because of the time required to complete forms, the design of the form from both graphic and
cxplanatory text standpoints is important (see Appendix A for current forms used at Heidelberg).
Although a fairly small number of data clements is required for the L&E card submission, instructions
and/or training should be available for new cmployees. German language forms and instructions are
appropriate for some foreign national cmployecs at Heidelberg DEH.

Currently, employces are issucd address size stick-on labels with their name, social security number,
and shop or ofiice code to apply to their form. This practice is used at several other DEH organizations,
as well. Some employees do not like to use th . stick-on labels and instead choose to write the information
cach time. A solution that would avoid eithcr applying a label or filling out the information each time
is to copy a supply of L&E cards for each employee with this basic unchanging information already
entered. One sheet of paper for cach employee with the basic information printed in the correct position,
but which is otherwise blank, can be used for copying to L&E cards that have been placed in the copy
machinc paper tray.

The frequent use of invalid codes on L&E sheets indicates that it is essential to provide each employee
with a list of valid codes. Currently, lists are posted on the wall in most officc areas and shops for
reference (sce Appendix A). When these lists are updated, the changes could be distributed to each
cmployce instead of being posted. Office employees tend 0 memorize the number to which they
consistently charge their time. However, for the shop worker, the situation is far different and the
possibility of error much higher due to the volume of work passing through the shop and therefore the
large number of codes. Shop workers may bencfit from making a copy of cach order that they handle for
2asc of personal reference and for writing the bill of matcrials used for the order. If access to a nearby
copy machine is not currcntly provided for shop employees, granting access and, if nccessary, purchasing
copiers should be considered. In any case, the practice of writing the bill of materials on the back of the
original work order sent back to the administrative office should be abandoned. It is the shop foreman who
is interested in the materials used and that information should logically remain within the bounds of the
shop for casy reference.

To ensure that employees are fully aware of the importance of the paper system and are supplied with
the information necessary to do their part, an L&E binder or notebook could be created for each person.
This notebook should contain instructions on the L&E process, a supply of forms, a section for copies of
past L&E card submissions that an cmployee wants to retain for refercnce and, in the case of the shop
worker, a section for copics of work orders, scrvice orders, and bills of material for reference.
Implementing an cducational program, providing the notebook, and the other actions discuzeed above
should rcsult in less time-consuming, morc accurate L&E card submissions by employces, while
reinforcing the importance and awarcness of the L&E process.




4 AUTOMATION-BASED TECHNOLOGIES

All data systems have several kcy parts that must be examined in choosing appropriate systems: data
base design, data maintenance, and data eniry. Closely rclated to data entry are data collection and data
accuracy. For this study, data collection, entry, and accuracy arc combined under the umbrella term "data
acquisition.”

The market was surveyed fr. technologies that could have potential application at the Heidelberg
DEH. Four were identified as p~..nising: scanners, microcomputers, barcoding, and puskbutton stations.
These technologies were evaluated for their expected performance in data acquisition. The cost of
implementation, easc of use, likelihood of addressing current problems successfully, level of acceptance
by DEH personnel, and retum on investment (ROI) were estimated for each. User responsibilities and
required skills also were assessed.  Although some of these technologies will not be recommended for
adoption, a discussion of each is uscful to add perspective to the problem at hand and to appreciate the
type of issucs that must be resolved in selecting automaied systems for organizations like the DEH.

Scanner Technology

Scanners are peripheral devices, usually used in conjunction with microcomputers, that allow electronic
information from paper to be input into the computer. Scanners arc sometimes referred to as optical
character readers (OCRs), although most scanners also can read in an image from paper as an ¢lectronic
graphic file, regardless of the type of image (e.g., text, graphics, photograph).

As with most automation products, scanners are available with a full range of capabilities and prices.
Scanners at the low end of the spectrum must be "trained"” to read icxt or graphics in the desired manner.
Some must always be instructed as to what font or type style will be read. The number of formats in
which a graphics file can be saved varies greatly among scanners. The more sophisticated scanners can
now be trained to read handwriting. Such a scanner, the Polyform PFL 6150 by AEG Corporation, is
being tested at the Grafenwoehr DEH. The results of that test are not yet available.

Uses of Scanner Technology

While a scenario could be visualized in which there would be a necd to read forms printed by one
computer into another computer, this arrangement strongly implies duplication of entry. In applying the
scanner’s graphics ability to the L&E process, each L&E card might be scanned as a graphics file, stored
on high-capacity optical disk media, and rccalled via a data base application. This use of scanning could
be beneficial for storage and recall of documents. However, such a graphics-based system would not enter
the L&E data into IFS-M. In the scanning application being tested at Grafenwoehr, the scanner reads
hand-printed characters and numbers that have veen placed in clearly defined boxes on specially designed
L&E forms (Appendix B) and passes the information into the minicomputer.

Scanner Implementation Issues

The cost of implementing scanner tcchnology like that at Grafenwochr includes the costs of (1) the
scanncr (approximately $75K as of this writing), (2) printing specially designed L&E card forms in the
quantitics required each year, (3) training for cmployees and operators, (4) employee time devoted to
training and operating the scanncr, and (5) a rcpair/maintenance contract for the scanner. The cost of a
microcomputer for use as an input terminal should also be considered (if no terminal is available) to
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replace the dumb terminals currently used for L&E data entry. Software for the scanner can be installed
on the microcomputer.

Dumb terminals should be maintained as a backup method for entering data in the event the scanner
is not functioning properly. Only onc scanner would need to be installed on one microcomputer to apply
scanncr technology to L&E data entry. After training, implementation should be fairly easy. The new
forms should offer challenge to employees as data elements arc familiar and rccognizable. The only new
rcquirement would be to print very legibly.

Since the change in current techniques would not be very extensive with a scanner, acceptance by
cmployecs would be nearly assured. Indeed, the forms used for the scanner are in some ways better
designed than current forms and would be an improvement in terms of readability, even without the use
of a scanner. Each Grafcnwochr scanner form is specific to particular types of L&E submissions and all
feature clearly defined boxes for cntering the information. Operation of the scanner is also rather
straightforward and should not posc acceptance problems for data entry clerks. The clerks will still have
1o use the keyboard to cnter information from forms that cannot be scanned correctly and for correcting
inaccurate data scanned from forms.

Effectiveness of Scanner Technology

If the scanner were to save onc of the two full-time equivalent data entry positions, ROI, based on
employec salary versus cost of the technology, new forms, training, and repair/maintenance, could occur
after about 2.5 years (but this is not likcly). Replacement of the scanner after intcnse usage over a few
years would mean an additional future cost that would reduce the savings realized.

During initial implementation of the scanner, all cmployces performing data entry should be retained
until scanner operators beccome proficicnt. Becoming accustomed to the scanner and its operation may
actually consume more data cntry clerk time at the outset. Use of a scanner results in a change from
pressing a keypad to a feeding motion. If the time to complete both actions is nearly the same (and this
is likely), reduction in clerk labor may not be realized at all. Errors currently made in transcribing
information from the current cards (approximatcly S percent) would theoretically be eliminated. However,
some cards may not scan correctly duc to poor legibility; if this occurs as much as 5 percent of the time,
no improvement will be realized in terms of time required to complete data entry.

Scanner technology should not be pursued if only for the purpose of reducing data entry clerk labor
costs. However, other tangible and intangible benefits may be realized. During times when the scanner
is not in usc for L&E card reading, it could be available to scan documents and graphic images for other
purposes. More legible L&E cards would also be obtained using the new card format. When the most
optimistic ROI for scanncr technology is compared with the potential ROI of other strategics, the scanner
docs not look promising.

Microcomputer Applications

Although all stratcgies in this report require the use of a microcomputer, different data entry
interfaces arc available. This evaluation focused on software application capabilitics as separatc from
specific add-on hardware and software features (which are the focus of other strategics). Microcomputer
interfaces include the keyboard, mouse, and touch screen. Microcomputer software applications include
data basc management, communications, and word processing. Communications software can be used to
acquire data from or send data to other computers. This software also allows access to available clectronic
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mail systems. When a local area network (LAN) is available, network software provides the electronic
mail capability for users on the LAN. USACERL has developed a program that allows seamless exchange
of electronic mail between 3Com 3+ Mail (the network in use at Heidelberg) and Unix V mail which
resides on the Sperry 5000/80 minicomputer. This product could prove useful at the Heidelberg DEH.

Microcomputers are available with a wide range of capabilities and must be selected based on the
tasks that must be performed. It is beyond the scope of this report to develop a selection guide for
microcomputers as such guidance is readily available from many public and private sources. USAEHSC
provides selection guidance for microcomputers that are part of IFS-M.

Uses of Microcomputers

Each employee could use a microcomputer to enter L&E information. The collected data in this way
could then be batch-fed to the minicomputer-based IFS system. As an alternative, the microcomputer
could be used in a terminal mode to enter L&E data directly into the minicomputer if deemed appropriate
from a security standpoint. As noted above, microcomputers are avaiiavle with the keyboard, mouse, and
touch screen modes of direct data cntry, with the touch screen being the least common. Although many
persons cannot type, most can press a few keys (although some persons who have never used a computer
are uncomfortable with any such interface). However, neither mouse nor touch screen methods can allow
efficient data entry unless a software application has been designed to acquire (download from the
minicomputer host) and display valucs from which to choose (e.g., valid codes and employee data) to
reduce the supplcmental typing of these values.

Whichever entry method might be used, L&E input by the employee on a microcomputer is unlikely
to save significant time. Howcver improvement of data accuracy is a clear probability if the
microcomputer is programmed to run an application that displays valid valucs for the employee. The user
would then choose from a list. An intelligent formulation of such a list that would show valid codes for
the employees, based on their shop or office assignment, would be desirable. The result would be that
incorrect data would usually be avoided or rejected immediately. Rejection would offer the user a chance
to retry at the time of entry. If all employees did enter their own data directly, central data entry clerk
time would be reduced. However, much more time could be saved by providing software applications
that allow key persons to retricve L&E data from IFS so as to avoid multiple entry of that data into
different microcomputers or onto paper reports.

Microcomputer Applications Implementation Issues

Microcomputer systems range between $1500 and $5000. The costs of acquisition, installation,
training, maintcnance, and administration also must be considered. Acceptance of additional
microcomputers and network connections would largely depend on the software involved (i.e., ease of use)
and the perceptions of new uscrs. Again, cffective training can improve acceptance.

Effectiveness of Microcomputers

If the hardware purchase is planned wiscly and useful software is acquired, ROI is virtually assured
in nearly any large organization, usually in the range of 150 percent (a return is frequently realized in
small agencies and businesses as well). Microcomputer applications nearly always generate both tangible
and intangiblc benefits. If the versatility of the microcomputer as a tool for performing tasks, relaying
data, and electronic mail is realized in addition to using the system for L&E data acquisition needs,
cxpansion of this technology could be expected to provide cffective results.
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Barcode Technology

A wide array of barcode-related products is available. Some devices are constantly attached to a
microcomputer and others attach only at times to transfer data to it. The basic principal of barcode
technology is to allow numeric, or in the case of Code 39 barcode symbology, alphanumeric characters
to be represented by a pattern of varying width bars. When an optical sensor (barcode wand or swipe
reader) is used to scan the pattern of bars, the value is translated quickly. When many digits must be
copied or transcribed, a barcodc reader can ensure that no errors occur in transferring the values
represented by the pattern of bars. Hardware needed for barcode systems is neither large nor complex,
making this technology easily portable (Appendix C).

Uses of Barcode Technology

The principal uses of barcode technology are for tracking physical items and entering or transferring
information. Barcoding is prevalent in warehouses and in many point-of-sale operations.

For L&E data acquisition, barcode labels could be generated and attached to equipment for which
usage time must be reported. If a portable barcode scanner were used, it would be possible for the
employee (0 scan the number or code on the physical piece of equipment at beginning and end of use to
record equipment usage time. As an alternative, prinied pages of barcodes and descriptions of the
equipment each represents could be made available in the shops. The barcode for the appropriate piece
of equipment could be scanned at the time that other similarly represented information, such as valid task
codes, is also scanned to form a complete L&E card entry, which would include a value for time of
cquipment use.

If barcode s anning were to become part of the L&E entry process at the shop Ievel, each shop would
need one microcomputer equipped with a barcode wand, the ability to extract valid information from the
minicomputer host, and a means to print barcode symbols for scanning by employees. A dot matrix
printer is adequate for printing scannable barcodes. It would not be necessary to purchase multiple hand-
held or belt-slung barcode reading units. Barcode products are available that allow multiple wand units
or swipe readers to connect to a single microcomputer or directly to a minicomputer. However, such a
configuration is not feasible for Heidelberg because little or no control or checking of input would be
possible.

Barcode Implementation Issues

A simple barcode system would undoubtedly reduce entry costs and improve data accuracy. L&E data
is nearly all numerical, although Code 39 barcode symbology can handle a complete entry that contains
alphabetical characters. Software to support barcode technology varies. Some products have software that
can be configured to format the flow of barcoded information, usually in the form of an ASCII® stream,
to the microcomputer from a portable unit. The simpler barcode products provide keyboards for entry of
barcode symbol values into the microcomputer. They also can act as a filter to print barcode symbols on
paper instcad of alphanumeric characters. Thesc simpler barcode products would require a custom
application for sending the data on to its minicomputer destination. Some effort would be required to
tailor this application to the L&E data acquisition requircment (USACERL is currently conducting research
into this arca).

‘ASCH = American Standard Code for Information Interchange.
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Implementation would require one properly equipped microcomputer for each shop. It is likely that
Heidelberg already has enough microcomputers in administrative arcas to handle the additional task of
biweekly L&E entry for administrative personnel (shops do this task daily). Employee acceptance of
barcode technology would likely be mixed, at first, but once each employee leamed how to use a barcode
wand, it should come to be regarded as just another standard procedure. It is expected that few employees
would miss the old paper L&E cards.

Effectiveness of Barcode Technology

Barcodes can increase speed of data entry but most importantly offer giant leaps in improving data
accuracy. As information can be entered in far less time than writing it by hand, and because data entry
clerk time would be largely eliminated, labor costs for entering L&E data would be reduced such that
return on investment would be realized and continue to climb after approximately 1 year. This is based
on the assumption that there is a value to employee time savings and that the Shop Foreman’s time
currently devoted to L&E matters would be greatly reduced.

Pushbutton Stations

Elements of this technology include: (1) a pushbutton station (actually a small piece of terminal
equipment) with a liquid crystal display (LCD) and pushbuttons representing alphanumeric characters and
symbols that would be linked from remote locations to one microcomputer; (2) a data base; and (3)
communications software for storing data and sending it to minicomputers or mainframe systems. Several
options could be included, such as a bar code wand, a swipe reader that attaches to the side of the station,
and employce badges that can be either pulled through the swipe reader or read with the barcode wand.
If the only purpose is to read employee badges, acquisition of both the barcode wand and swipe reader
would be redundant. However, the barcode wand could also input other information such as a work code
printed on a list of valid codes as a barcode symbol. In this case, barcode filter software to convert
information to barcodes for printing would be an important supplement and would not represent a major
additional cost. The common Code 39 barcode symbology would be recommended for the barcode
features of this product. Providing real-time accounting, this technology represents the evolution of the
time clock but is designed to track far more than time and attendance. In fact, the manufacturer includes
customization of the data base for buyer needs as part of the product sale, such that a complete tumkey
product is the result.

Uses of Pushbutton Station Technology

Pushbutton stations and the types of job tracking for which they serve as an interface are particularly
well suited to work environments where employees work on many different jobs that require accounting
of resources expended and materials/cquipment used. Although up to 100 remote pushbutton stations can
be connected to a single microcomputer, the physical layout of DEH buildings would affect actual layouts
and counts of stations and microcomputers.

Conncction is made using three-wire 22-gauge RS485 cable up to 4000 ft total Iength in a daisy chain
configuration. The microcomputcr and pushbutton station can communicate via modem if absolutely
necessary. This option requires a Haycs-compatible modem at each end plus an RS232 to RS485
converter supplied by the vendor. Direct connection of the pushbutton station terminals to the mini-
computer is possible, but this arrangement would preclude benefits provided by the microcomputer
softwarc for this technology (c.g., the ability to generate rcports). Data also can be entered at the
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keyboard instead of the pushbutton station. An important advantage is that employees who are more
comfortable with the keyboard need not be provided pushbutton stations.

The microcomputer software can send data to host systems. IFS supports a batch processing option.
If the microcomputer to which pushbutton stations are connected is also connected to a 3Com network,
and the minicomputer is also wired to the LAN via Ethemnet cable, faster Transmission Control
Protocol/Intemet Protocol (TCP/IP) file transfers to the minicomputer are an option. If the optional bar
code wand, swipe reader, and employee badges are acquired, barcoded data can be read efficiently,
reducing the number of buttons that would need to be pushed to create an L&E entry.

Pushbutton Station Implementation Issues

The cost of implementation is approximately half that required to provide microcomputers to
employees for L&E data entry. Installation requires that RS485 cable be run to each pushbutton station.
Microcomputers, each with several connected pushbutton stations, could be networked on a 3Com Ethemet
cable. Pushbutton stations are of fairly rugged construction, having been designed in anticipation of
factory use. Low maintenance costs and strong vendor support can be expected.

Acceptance of pushbutton stations has been high due to ease of use and because they more closely
resemble an electronic calculator than a computer keyboard. This forestalls adverse fear of using the
device on the part of employees.

Target retail stores nationwide are equipped with pushbutton technology. Employees at a Target store
in Champaign, IL were interviewed as to ease of using the pushbutton station to record labor hours and
all reported that it is quite simple 1o use. Incorrect selections are casily cleared and reentered.

Pushbuttons representing characters and other miscellaneous symbols are pressure-sensitive and beep
when pressed. Both 24-button (numeric) and 48-button (alphanumeric) pushbutton stations are available;
the cost is the same fo- both models. Prompts to the pushbutton station user appear on the LCD to ask
for specific data elements. The text of these prompts can be defined by the system installer or
administrator. The ability to control these prompts would allow display of English or German, as
appropriate, to Heidelberg DEH personnel.

Effectiveness of Pushbutton Station Technology

Printing and manufacturing operations have realized significant benefits from this technology. The
DEHs at Heidelberg and other installations are undoubtedly well suited to benefit from pushbutton stations.
The manufacturers provide customization and full turnkey support for their products and many successful
installations have been reported.

The many reports possible using the software are an important source of product effectiveness. These
reports could show L&E costs and usage by job, operation, and shop. Data can be automatically
compared to established standards and input into the system to obtain variance reports based on
productivity or other topics. Reports can be generated ovemight, allowing managers to rcview the
previous day’s activity at the beginning of the work day.

An employee could make an L&E entry at any time, such as at the completion of a work unit or at

the end of each day. Or, the employec could begin an entry at the start of work on a certain order and
complete it later when the work has been completed. The system’s ability to track time in and out
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immediately could reduce errors in the time submitted for orders that could otherwise be erroneous due
to an inability to remember exactly how time was used.

Because employees can enter L&E data very quickly with the pushbutton station, and because data
can be exchanged with the host system frequently, significant savings in both employee and data entry
clerk labor are likely. Pushbutton stations need not be supplied for those who prefer to use the keyboard
for entry, as noted earlier. Valid codes from the host can be stored in the microcomputer in order to
prevent invalid entries at the pushbutton stations attached to it. The microcomputer downloads valid data
to each pushbutton station with which each entry will be compared. Each station can store up to 5000
records. When the employee entry reaches the microcomputer at intervals specified in the software setup,
additional verification occurs. The result is a microcomputer file to send to the minicomputer which
represents records that should not, except on rare occasions, be rejected by the minicomputer. The
reduction in time spent researching and correcting invalid L&E entries would be an important source of
savings.

Comparison of Automation-Based Technologies

Table 1 compares projected costs for the four technologies studied. The figures in this table were
derived assuming the equipment would undergo a pilot test before implementation on a larger scale.

The research cost associated with the pilot test is to identify modifications required for final
implementation and possibly develop additional software or plans to effect a complete working system.
Microcomputer applications and barcode technology would require development of software to be used
for the L&E function. For pushbutton stations, configuration of vendor-supplied microcomputer software
and some programming for exchange of data between the microcomputer and minicomputer would be
required.

Onsite costs are those for local resources. Scanner technology requires special forms (Appendix B).
Microcomputer applications and pushbutton stations require installation of cable. All automation-based
technologies require onsite orientation and initial training for those involved with the pilot test.

Acquisition costs represent the purchase of hardware and software for each tcchnology. Research
costs to finalize the use of technology again include additional software programming work, except for
scanner technology. In all cases, analysis of results and preparation of written findings would be required.
Acquisition and ongoing costs per shop or group can be estimated to determine the total cost, based on
the size of the facility and the extent of implementation.

It should be noted that ratings for overall factors relating to the potential success of implementing each

automation-based technology are estimates only. Pilot testing would be required to affirm or modify these
projected results.
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Table 1

Comparison of Technology Costs

Cost Element Scanner Microcomputer Barcode Pushbutton
Tech. Applications Tech, Stations

Research for 20K 150K 100K 60K
pilot test

Pilot test 10-15K 5K 2K 5K

Acquisition 75K 5K 3-8K 5-10K
for pilot test

Research to 20K 180K 80-100K 20-40K
finalize system

TOTALS 125-130K 340K 185-210K 90-115K

Acquisition cost for

final implementation n/a 5-8K 8-10K 6-8K

per shop or group

Yearly cost for

administration, 2K 12K 10K 4K
support, & training

per shop or group

Ease of med, low med. high
implementation

Expected degree high med. med. high
of acceptance

Likelihood of low med. med. high
addressing L&E

problems

Expected ROI low- med.- med.- high-
over 3-year period 1.1:1 1.5:1 1.8:1 25:1
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§ CONCLUSIONS AND RECOMMENDATIONS

USACERL has investigated the Heidelberg DEH’s current methods of L&E data acquisition. Areas
of weakness were identified, as were opportunities to exploit automated data acquisition. The market was
then surveyed for automation technologies that could possibly serve the DEH’s needs.

Of the automation-centered strategics discussed in this report, the pushbutton station has the highest
potential for success in terms of overall cost of implementation, employee acceptance, proven quality,
availability of support, and ROI. Tt provides the option to read barcodcs, but does not require barcodes
to be the input method.

It is recommended that pushbutton stations be evaluated in depth for use at the Heidelberg DEH. If
the evaluation verifies the findings of this study, it is recommended that a pushbutton system be pilot-
tested at Heidelberg.

In addition, an educational program should be implemented stressing the purpose, importance, and
benefits of L&E data submission. The existing paper system should also be upgraded. Detailed guidance
and materials to improve the paper system could be developed easily by the Heidelberg DEH in
consultation with USACERL. Regardless of which automation strategy may be implemented,
improvement of this manual system is an important and worthwhile effort.

Expansion of LAN connectivity, including acquisition of additional microcomputers, should be pursued
to improve data distribution, communications, and problem resolution. The complexity of daily work at
the Heidelberg DEH and the multiple building locations of offices and shops are not conducive to frequent
face-to-face communications. Although tclephone conversations are possible, disruptions would be
reduced and productivity enhanced when more communications are via electronic mail at the initiators’
and respondents’ convenience. Linking microcomputers to either the present minicomputer, or to each
other as an LAN, would greatly improve communications within the Heidelberg DEH. Increased
connectivity between 3Com users and the minicomputer could help managers acquire the data they need
from the minicomputer without rckeying L&E data into their microcomputers. Such elimination of
redundant L&E data entry must be pursued if manhours are to be saved,

If data entry clerks and shops are equipped with networked microcomputers, many problems could
be resolved through electronic mail communications. Current Work Order and Service Order lists or
approved fascimiles of the orders could also be sent to shops by network users from the appropriate
offices. This same information could be sent to pushbutton stations to prevent entry of invalid codes.

The cost of microcomputers for the shops could be delayed if funds are insufficient for both
microcomputers and pushbutton stations. Onc microcomputer could likely drive all pushbutton stations,
with one station per shop. However, the acquisition of a microcomputer for each shop should be
considered in addition to purchase of microcomputers for administrative offices not yet so equipped.
Although the nced for a microcomputer in the shop may not be considered extremecly important at this
time for dircct support of L&E data acquisition, other short- and long-term benefits could be realized.
Each shop forcman could beccome familiar with the use of microcomputer applications such as word
processing and electronic mail. This computer literacy can ease the implementation of any automation-
centered L&E data acquisition system that may be installed.
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The results of the Grafenwoehr DEH scanner test should be reviewed when they become available.
These results should be helpful in showing whether scanning printed L&E cards is an effective strategy.
Knowledge to date has failed to indicate that scanncr usage would provide significant improvements or
cost savings, but a follow-up on this issue should be pursucd to gain more insight into scanner technology.
The results of the USACERL barcode research also should be reviewed when available. This research
concems the feasibility of various barcoding configurations for acquiring data as input to the IFS-M
(Appendix C).

In selecting any automated system for L&E data acquisition, the DEH should consider compatibility
with IFS-M. 1t is essential to coordinate with appropriate elements of USAEHSC, which is responsible
for fielding.

The findings of this study could potentially apply to other DEHs as well. However, any decision to
implement data acquisition equipment must be made on a case-by-case basis.
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APPENDIX A:

L&E AND RELATED FORMS
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APPENDIX B:
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LABOR AND EQUIPMENT UTILIZATION
TYPE: ADMIN (BIWEEKLY)
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LABOR AND EOUIPMENT UTILIZATION
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APPENDIX C:

DIAGRAMS OF AUTOMATION COMPONENTS
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BARCODE INDUSTRIES

WAND WORKS AS KEYBOARD EMULATOR TO SEND
VALUE OF BARCODE TO CURRENT SOFTWARE PROMPT,
REGARDLESS OF WHAT PROGRAM IS ACTIVE.

\!

WAND

BARCODE FILTER SOFTWARE PROGRAM

THIS SOFTWARE CAN BE USED TO TRANSLATE ALPHANUMERIC OUTPUT
FROM ANY PROGRAM INTO BARCODE SYMBOLOGY FOR PRINTING, A
'HOT KEY' CAN TOGGLE THIS SMALL MEMORY RESIDENT PROGRAM

ON AND OFF,

NOTE

COMBINING THE CAPABILITIES OF THE TWwO PRODUCTS ABOVE
PROVIDES COMPLETE INPUT AND OQUTPUT OF BARCODES. THESE
PRODUCTS ARE BEING EVALUATED AT USACERL.
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HAND HELD PRODUCTS, INC.

A PORTABLE HAND HELD UNIT CONNECTS TO THE MICROCOMPUTER
TO EXCHANGE DATA. DATA IS EXCHANGED AS AN ASCiI STREAM
CONTROLLABLE BY PROGRAMING.

N

SERIAL
2 PORTS
Z
- O
OPTICAL INTERFACE UNIT
——DATA 7O
COMPUTER

HAND HELD UNIT INSERTS
TO SEND DATA

WAND TIP
LCD >
OPTIONAL > A
ALPHANUMERIC . s
KEYS A
o7

s PROGRAMS SENT

< TO HAND HELD UNIT
NOTE

THIS PRODUCT IS BEING EVALUATED AT USACERL
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VOCOLLECT, INC.

THE ' TALKMAN' UNIT ACCEPTS VOICE AND BARCODE INPUT. THE
VOICE RECOGINITION MUST BE TRAINED B8Y EACH USER. THE
PORTABLE UNIT CONNECTS TO THE MICROCOMPUTER TO SEND DATA
AS AN ASCIl STREAM CONTROLLABLE BY PROGRAMING.

N

HEADSET

SERIAL
PORT
2z
=~

Frd -~

e

PORTABLE BELT y

WORN UNIT FTW f COMPUTER
0
A i
huﬂlw

HEWLETT PACKARD

'CR8300 INTELLIGENT

BARCODE WAND
NOTE

THESE PRODUCTS ARE BEING EVALUATED AT USACERL
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PREVALENT BARCODE CONFIGURATION

A NON-PORTABLE UNIT IS CONNECTED SO AS TO INTERRUPT THE
KEYBOARD CABLE TO BOTH INTERCEPT SIGNALS AND DRAW POWER
(ONE WATT). KEYBOARD INPUT IS PASSED THROUGH; BARCODE
SYMBOLS ARE TRANSLATED.

N

2

CONTROL UNIT

WAND

OPTIONAL
SWIPE READER
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KRONOS, INC.
IS A WALL MOUNTED PUSH

THE 'JO0B KEEPER CENTRAL' PRODUCT
BUTTON STATION RECOMMENDED IN THIS REPORT.

=
4 O
g
o TO LAN
AND/ OR

MINICOMPUTER

DATA EXCHANGE

TO NEXT
STATION

OPTIONAL
SWIPE READER

PUSH BUTTONS

D

OPTIONAL WAND
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ABBREVIATIONS

ASCII American Standard Code for Information Interchange
CA commercial activitics

CONUS continental United Statcs

DEH Directorate of Engineering and Housing

FY Fiscal Year

USAEHSC U.S. Army Engincering and Housing Support Center

IFDEP Integrated Facilitics Data Entry Program

IFS-M Integrated Facilities System - Mini / Micro version
L&E labor and equipment

LAN local arca nctwork

LCD liquid crystal display

Oo&M operations and maintenance

OCR optical character reader

ROI return on investment

TCP/IP Transmission Control Protocol/Intemnet Protocol

USACERL U.S. Army Construction Engineering Rescarch Laboratory
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Chief of Engineers
ATTN: CEHEC-IM-LH (2)
ATIN: CEHEC-IM-LP (2)
ATTN: CECC-P

ATTN: CECW-RR

ATTN: CERD

ATTN: CERD-L

ATTN: CERD-C

ATTN: CERD-M

ATTN: CERM

CEHSC
ATTN: C:HSC-ZC 22060
ATTN: DET Ml 79906
ATTN: CEHSC-F 22060
ATTN: CEHSC-TT-F 22060

US Army Burope

ODCS/Engineer 09403
ATTN: AEAEN-FE
ATTN: AEAEN-ODCS

V Corps
ATTN: DEH (11)

VI Corps
ATIN: DEH (16)

21st Support Command
ATTN: DEH (12)

USA Bedin
ATTN: DEH (9)

Allied Command Europe (ACE)
ATTN: ACSGEB 09011
ATTN: SHIHB/Engincer 09055
ATTN: AEUES 09168

USASETAF
ATTN: AESE-EN-D 09019

26th Suppart Group (DEH)
ATTN: CMESB 09102-5347

8th USA, Kores (19)

USA Japan (USARJ)
ATTN: DCSEN 96343
ATTN: Facilities Engineer 96343
ATTN: DEH-Okinawa 96331

416th Engincer Command 60623
ATTN: Facilities Engineer

AMC - Dir., Inst., & Sves.
ATTN: DEH (22)

FORSCOM (28)
FORSCOM Enginoer, ATTN: Spt Det. 15071
ATTN: DEH

HSC
R Sam Houston AMC 78234
ATTN: HSLO-F
Fiusimons AMC 80045
ATTN: HSHG-DEH
Walter Reed AMC 20307
ATTN: Facilities Enginoer

INSCOM - Ch, Insil. Div.
Arlington Hall Station 22212
ATTN: Engr & Hsg Div
Vint Hill Farms Sution 22186
ATTN: IAV-DEH

USACERL DISTRIBUTION

TRADOC (19)
HQ, TRADOC, ATTN: ATEN-DEH 23651
ATTN: DEH

USAIS
Fort Huachuca 85613
ATTN: Facilities Engineer (3)
Fort Riwchie 21719

WESTCOM
Font Shafier 96858
ATTN: DEH
ATTN: APEN-A

Fort Belvair, VA

ATTN: Australian Lisison Officer 22060
ATTN: Water Resource Center 22060
ATTN: Engr Studies Center 22060
ATTN: Engr Topographic Lab 22060
ATIN: ATZA-TE-SW 22060

ATTN: CECC-R 22060

CECRL, ATTN: Library 03755
CEWES, ATTN: Library 39180

Tyndall AFB, FL 32403
AFESC/Engincering & Service Lab

Defense Technical Info. Center 22304
ATTN: DTIC-FAB (2)
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