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Abstract.-- A portable data recorder is a specialized el ectronic device
for recording and storing data in the field, then transnitting the data
directly to a conputer, elimnating the time and errors associated with
manual data transcription. Use of a data recorder allows error and
conpl eteness checking in the field, direct data collection frominstrunents,
and m ni mum turnaround tine between data collection and conpl eted data
anal ysis. Considerations for selecting a data recorder to neet individual
needs, and sone drawbacks, are discussed. Specific applications in nursery

managenent and research are presented.

I NTRODUCTI ON

A portable data recorder (PDR) is a hand-
hel d, battery-powered, m croprocessor-controlled
conputer termnal (Cooney 1987). PDR s are
speci al i zed el ectroni c devices designed to collect
and store data in the field or laboratory (in
pl ace of data forms), then transnit the data
directly to a conputer for processing. They
differ fromlaptop conputers and hand- hel d cal cu-
lators in that they are constructed for outdoor
use and their main purpose is to store data, not
process it. As nicroconputer use increases in
forestry, nore resource professionals are turning
to automated data processing to increase their
productivity. Al though conputer hardware and
sof tware have advanced substantially in recent
years, data are still collected and entered into
conputers by hand in nany cases. These two steps
done manual | y can be expensive, tine-consum ng,
and full of errors. Alternatively, data can be
keyed into a PDR as they are collected, autonati -
cally checked for errors and conpl eteness, then
the conpleted data file can be transmtted dir-
ectly to a conputer. Because manual data trans-
criptionis elimnated, PDR s can significantly
reduce costs, nunber of errors, and turnaround
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tine. PDR s are becom ng the technol ogi cal |ink
bet ween field nmeasurenents and data anal ysis.

Portabl e data recorders were first used in
supermarkets to expedite inventories. In recent
years they have found a new horme in forest inven-
tory because of the volune and diversity of data
that are collected, the need for error checking
during data collection, cost savings in data
transcription, and reduced tine to obtain results
(Anonymous 1987, Bergstrom 1987, Bottenfield and
Mel dahl 1987, Fins and Rust 1987, Scott 1987).

Bl uhm (1986) recently reported using a PDR in
nursery seedling inventory. Applications in
research have increased in recent years, not only
because nore efficient data handling is needed,
but al so because sone PDR s can be interfaced to
digital and anal og instruments to collect data
directly.

Al these applications have certain charac-
teristics in common: (1) a |large anmount of data
needs to be collected and transferred to a conpu-
ter for summary, (2) the costs of nanual data
entry and verification need to be reduced, (3)
errors nmust be minimzed, and (4) the tinme between
data collection and data processing shoul d be
reduced. In this paper, we will discuss sone
benefits and drawbacks of using PDR's, |ist some
considerations to hel p you deci de which one to
purchase, and present some ways we use PDR s in
nursery nmanagenment and research.

SELECTI NG A PORTABLE DATA RECORDER

Approxi mately two dozen devi ces on the narket
could qualify as portable data collectors. Speci -
fications for nost of the dedicated PDR s are
revi ewed by Cooney (1985, 1987). They differ



widely in size, environmental durability, key-
board configuration, operating system nenory
capacity, programmability, and communi cati ons.
Most are powered by rechargeabl e batteries, have
sonme form of battery backup, and have sone sort of
|l ow battery warning, so there is a low risk of

| osing data. The devices differ greatly in other
specifications; users need to determ ne what con-
figuration they need and sel ect the appropriate
devi ce. For exanple, in forest inventory error-
checki ng and conpl et eness checki ng routines shoul d
be built into the data collection scheme so that
conplete and error-free data are obtai ned while
the survey crewis on site. For those appli -
cations, a PDR that supports BASIC, a powerful
and versatile progranm ng | anguage, is highly
recommended. Many ot her applications are nore
strai ghtforward, amounting to filling in the

bl anks with data, so a sinple edit node may
suffice for entering data. Certain PDR s can be
interfaced with digital and anal og instrunents--
such as calipers, balance, area neter, poroneter,
thernoneter, and string potentioneter -- so that
data can be transmtted directly to the data file
with the push of a button. In some cases the PDR
can be set up to take unattended readings froman
instrunent at set tines. Note, however, that
these applications require a customprogramto
read the device and record the data. All PDR s are
equi pped with a serial port for RS 232 communi-
cations via direct cabling or a nodemto a host
conput er.

Programability is desirable for controlling
cursor novenents, perform ng mat hematical func-
tions, displaying nenus and nessages, checking
for errors, checking for conpl eteness, and accept -
ing data frominterfaced instrunents. Mst
devi ces provi de some degree of programmability
using either a proprietary |anguage that the user
nmust | earn, or BASIC, a nore universal |anguage.
Al though the proprietary | anguages can be used to
provi de extensive error checking and to perform
mat henati cal functions, there are advantages to
purchasing a PDR that is programmable in BASIC
because the sane | anguage can be used for pro-
gramm ng on a mcroconputer. However, a propri-
etary | anguage may be nore suitable for program
mng the PDR to accept data from connected instru-
nents. Wile building in sone programmed error
checki ng routines and nminor mani pul ati ons of the
data may increase efficiency of data collection,
don't expect the PDR to performthe data summary
and anal ysis. For nost applications, it is easier
to first transmt the data to a conmputer, then
performthe anal yses using existing, nore power-
ful application software. The exanples in the
applications section will illustrate this point.

W recommend the foll owi ng approach to
selecting a PDR (1) list all applications
where a PDR may be useful, (2) eval uate that
list and retain only the applications where a
PDR is truly needed to increase efficiency (i.e.
| arge anounts of data, repetitive neasurenents,
need to transnit data to a conputer, mnimzation
of errors, and cost savings fromelimnating data
transcription), (3) nake a list of capabilities

and features that the PDR nust have to neet your
needs, (4) conpare your |ist against the tables
of specifications provided by Cooney (1985, 1987),
and (5) eval uate product infornation and any

avai | abl e published reports in making your

deci sion. Several conpani es and agenci es have
conducted their own eval uations and nay be
willing to share their information.

You may al so wish to eval uate the econom cs
of using a PDR instead of conventional field
forms and manual data entry. You can do this by
following the procedure outlined by Fins and Rust
(1987). Assum ng that data collection takes the
sanme anount of time by both methods, data trans-
m ssion and manual entry tines can be estimated
cl osely enough to performthe conparative cost
estimates without actually using a PDR

DRAVBACKS TO USI NG A PORTABLE DATA COLLECTOR

Sonme special problens, limtations, and
conflicts that may be encountered in using a
PDR are: (1) "conputer phobia", (2) limted view
of the data file, (3) conflict with existing
data col |l ection nmethods, and (4) cabling and
conmuni cati ons between connected devi ces.

Many peopl e get "conputer phobia" when
they are asked to record nunbers el ectronically
rather than witing and storing them physically
on a tangi bl e sheet of paper. The task of train-
i ng personnel to use a PDR shoul d be taken seri -
ously. It is a good idea to develop flow charts
and provide practice data for themto learn with
before inportant data are recorded. As a trans-
ition, it may be helpful to first wite the data
on data forms, then enter the data into the PDR

One limtation of nost PDRs is the restric-
ted view of the data file, i.e. only a snall
portion of the file is seen (and accessible) on
the display at one tine. It is nore difficult
for the user to conpare current neasurenents with
previ ous measurements, which are nore easily seen
on data forms. This is not a problemif you take
advant age of the PDR s power by witing a short
programto have the PDR display the previous
neasur ement (whi ch must exist in the sane file),
or you can have it conpare the new neasurenent
with the previous nmeasurenent, beep if it is
smal l er, and otherwi se enter the data in the file.
A second problemrelated to the restricted view
is keeping track of your location in the file.
Because one rowin the file is usually the data
for one tree, beginning users nay skip a tree
and get out of sequence with the data file. There
are two ways to avoid this problem One is to
print a copy of the data file with |ines nunbered
so users can keep track of their location by |ine
nunber, and the other is to programthe PDR to
di splay the descriptors (e.g. block, treatnent,
tree nunber) pertinent to each neasurenent being
ent ered.

Use of a PDR nay not be conpatible with
establ i shed pl ot nmeasurenent nethods. For



exanpl e, some crews |like to have one person
record data while two people neasure trees in
adj acent rows. This does not work out very well
using a PDR because it cannot easily switch back
and forth in the data file. The same is true for
neasuring adj acent rows in opposite directions,
unl ess either the plot or the data file is arran-
ged that way. Wen using a PDR, it is easiest

to enter data in the sequence they occur in the
data file. If nore than one person is taking
neasurenents, they should | eapfrog and provide
the data in the file sequence.

Cabl i ng and conmmuni cati ons between connect ed
devi ces are comon obstacl es when any peri pheral
device is connected to a conputer or PDR Cabling
froma PDRto a mcroconputer is usually not a
probl em because the manufacturer often has a
serial cable avail able. Communi cations between a
PDR and a conputer is best done with a comuni-
cations program Establishing communication is a
matter of setting up natching protocol (baud rate,
parity, duplex; data bits, stop bits, etc.)
between the two devices. The PDR manual will
usual |y give some hel pful advice on this, but
there is no one sol ution because conputers differ
wi dely. The sane situation arises when a PDR
is cabled to an instrunent to collect data. In
sone cases, e.g. digital calipers, the device,
cabl e, and programm ng may be available fromthe
PDR manuf acturer. In other cases, you purchase
the peripheral device with its optional serial
port, and t he cabling and communications to the
PDR are up to you.

SPECI FI C APPLI CATI ONS OF PORTABLE DATA RECORDERS

In this section we will present two applica-
tions of the Polycorder3 (Omidata International,
Logan, UT) in nursery managenent and research.
Publ i shed applications of other PDR s are:

Hew et t- Packard nodel 71 (Bl uhm 1986); Husky

Hunt er (Bergstrom 1987, Bottenfield and Mel dahl
1987); Husky Special Performance (Scott 1987);
Oegon Digital Serial Plus Il 7100 (Anonynous
1987); and Datanyte 1003 (Nienman et al. 1984).

Nursery Application

The USDA Forest Service Reforestation
I nprovenent Program (Rietveld et al. 1987)
involves repetitive nmeasurenent of several seed-
ling variabl es (seedling growth, norphol ogy, root
grow h potential, cold hardiness, stress test,
plant noisture stress, and field plot measurenents)
at 11 nurseries. The sanme variables are repeat-
edly measured using the sane sanpling schenme, so
the basic data forms will be used over and over.
To facilitate data collection, summarization, file
organi zation, and archiving, a systematic

3The use of trade or firmnanmes in this
publication is for reader information and does
not inply endorserment by the U S. Departnent of
Agricul ture of any product or service.

approach was devel oped that utilizes the Poly-
corder to record the data and transmt it to a
m croconputer. The foll ow ng di agram shows how
the data will be processed:
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The Pol ycorder requires a format file for
each data file that will be created. The fornmat
file designs the data form The data file is the
actual form which is blank until data are entered.
Format and data files may be keyed into the Poly-
corder, |oaded froma downl oad nodule (1), or
downl oaded from a conputer. The next step is to
key the data into the data file (2). This can
be done in edit node or in program node, but the
latter requires witing a short Polycode program
to control cursor novenents and nust be matched
to the nunber of columms receiving data. Once
the data file is conplete, the data are trans-
mtted to the conputer (3) using direct cabling
bet ween serial ports on each device. A communi-
cations program Cosstalk, is used to capture
the data and create an ASCII file with a . PRN
extension. The ASCI| data file is then inported
into a preformatted Lotus 123 worksheet (4)
where the data are summari zed, graphs are created,
and archiving is done (5) by running specialized
nmacros (preassenbled lists of commands) on the
wor ksheet .

This schene of fers nmany conveni ences as a
result of the repetitive nature of the applica-
tion: 1) because the sane data files are used
over and over, they may be stored in a downl oad
nodul e (or the conputer) and | oaded into the
Pol ycorder whenever they are needed; 2) after the
data are of fl oaded to a conputer, they nay be
erased fromthe Polycorder file, retaining the
bl ank data file in the Pol ycorder for reuse; and
3) automated data processing is optimzed, thus
the data can be transmtted to a conputer and
summari zed in mnutes.

Research Application

The above approach works wel | for repeatedly
nmeasured vari abl es where the same data forns are
consistently used. However, that is often not
the case in research. Each study typically has
one or nore unique data files; the data files
will usually be nore conplex, e.g. containing
several colums of descriptors for block, treat-
ments (in random order), and seedling nunber;



there may be a need to append additional colums
onto the original file for annual neasurenents;

and sone data types may be transmitted to the PDR
via a serial port froma digital balance, calipers,
area neter, poroneter, or other device. The foll ow-
i ng di agram shows a typical data collection and pro-
cessing schene in research applications of PDR s:
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The format and enpty data files are nore
easily created on a conputer, stored as ASC |
files, then downl oaded directly to the Pol ycorder
(1). The format file can be witten with EDLIN or
any word processor that will output an ASCI file.
The data file containing the descriptors (bl ock,
treatment, tree nunber, etc.) in the desired
sequence can be "constructed" using Lotus 123, or
can be created directly with certain statistical
progranms such as Mnitab. The ASCII fornmat and
data files are downl oaded to the Pol ycorder using
a communi cations program This step can be expe-
dited by using a communications programthat has
versatile cormand and script file capabilities.
An exanple is presented in Table 1.

Data are entered into the PDR through the
keyboard (2) or by direct transm ssion frominstru-
nments (2). Direct transnission of data from
instruments is very fast, but requires that a
Pol ycode programbe witten to accept, nanipul ate,
and file the transmtted data. For exanple, we
wei gh dried plant sanples w thout renoving them
fromthe bags. Paper bags of the sane size are
surprisingly consistent in weight. W dry a group
of enpty bags along with our plant sanples, deter-
m ne an average enpty bag weight, then enter that
value into a Pol ycode program The program sub-
sets the measured weight from an al phanuneric
string transmtted by the bal ance, subtracts the
average enpty bag weight, records the tissue dry
weight in the data file, perforns cursor novenents,
and provides file location pronpts. This techni que
works wel |l for sanples that have a dry weight
greater than 1 gram the experinmental error is
no greater than that introduced by renoving the
pl ant sanples fromthe bags to wei gh them

The conpleted data file is transmtted back
to the conputer (3), using a communications pro-
gram File redirection prograns such as Dpath and
File Facility are handy for organization pur-
poses because they allow you to store data files
in separate subdirectories on a hard di sk, rather
than storing themall in the same subdirectory
with the communications program The final step of
the scheme shows the data files being inported
into various spreadsheet, statistical, or graphics
prograns for analysis (4).

DI SCUSSI ON

Port abl e data recorders have the potenti al
to increase efficiency of data collection in a
variety of applications. However, they are not
for everyone. Converting to a different nethod

Table 1. A Crosstalk script file (*.XTS) for transferring files

between a PDR and a mi croconputer.

The script file |oads

autonmatically when it is given the sane prefix as the command
file (*.XTK). The communi cation protocols used in the
command file nust match those of the PDR

QO LOCAL

CLEAR

ASK Type L for Load, T for Transmt,
JUWP DG @

LABEL DO-Q

QT

LABEL DO-L

SCREEN D

CLEAR

LWAIT CHAR " " ;insert nating call
SEND

RW ND

LABEL DO-T

SCREEN D

CLEAR

CA

WHEN " " ALARM NOW
VWAIT STRING " "

CA -

RW ND

LABEL DO-E

RUN

Edit, or Qfor Qit

character sent by PDR if used

;insert end of file character sent by PDR
;insert end of file character sent by PDR




requires an investment in new equi pnent, and tine
to evaluate the actual need for the device, to
learn howto use it, to devel op a systemto apply
it, and to train personnel to use it properly.
Thus, there will be a start-up period before a
net increase in efficiency is realized. You

shoul d be reasonably certain that using a PDRis
justified before you make a commtnent. Use

of a PDR (and a conputer for that matter) may
wel | hel p you reach a higher |evel of technol ogy,
efficiency, and productivity. However, that is
only achi eved t hrough | earning, conmtnment, and
adaptabi lity.

In research applications, we find that using
PDR s allows us to take nore data than woul d
ot herwi se be possible with avail abl e personpower.
This is especially true when instruments are inter-
faced with a PDR One person can take several
times nore data in a single day, with good pre-
cision and |less fatigue. Mst technicians are
ent husi astic about using data collectors because
they save tinme, and the person feels a sense of
acconpl i shment for mastering the use of a sophis-
ticated electronic tool. Because data entry and
verification are elimnated, the technicians are
relieved of those tasks, and the conputer is freed
for other uses.

In summary, PDR s are a cost-effective
alternative to conventional data sheets for data
collection and nmanual entry of data into a
conputer. Data collection time is about the
sane with a PDR but the need for manually enter -
ing data into a conputer and verifying themis
elimnated. O her benefits are the opportunity to
performerror checking in the field, interface
with instruments, and obtain faster turnaround
of conpleted data analyses. In general, if a PDR
is used frequently, the |abor savings will pay for
the device in 1-2 years.
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