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A microcomputer-based technique for measuring
response times in written protocols
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We describe a computer system that can be used to collect response times simultaneously with
written protocols. It is applicable to tasks in which written protocols and associated response times
are of interest.

Response time measures have not been as widely used
in the study of problem solving as in other areas of cog
nitive psychology. Nevertheless, response time data have
been critical in furthering our understanding of cognition
and in the development of processing models, as is evi
dent from perusing any contemporary textbook on cog
nitive psychology (e.g., Glass, 1986; Matlin, 1983).

A number of factors probably contribute to the infre
quency of response time studies in the area of problem
solving. Tasks used by researchers often do not lend them
selves to the use of only a few discrete response alterna
tives, which are easily adapted to computerized data col
lection. For some tasks, such as mathematics problem
solving, there may be only one correct response, but nu
merous correct ways of reaching it. In such problems,
the method of reaching a solution may be of more interest
than the response itself. Finally, people solve many types
of problems with a pencil and paper and are uncomfort
able solving the problems with mental calculations, while
speaking aloud, or at a computer keyboard. Written pro
tocols and response times gathered under such conditions
may have low validity.

One method of overcoming these difficulties is to video
tape subjects as they use pencil and paper to solve prob
lems. However, taping subjects is not satisfactory, partly
because the cameras and equipment may disturb the sub
jects, and partly because the response times from the
videotapes must be hand scored and the results entered
into a computer for further analysis.

In this paper, we describe a configuration of standard
microcomputer components that permits the automatic col
lection and storage of response times for written protocols.
This configuration has the advantages of permitting the
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subject to use pen and paper and providing the experi
menter with accurate, computer-recorded response times.
Further advantages of this arrangement are that the ex
perimenter may also obtain (1) response times for any sub
parts of the task that may be of interest, and (2) the X, Y
coordinates of the subject's pen on the paper at any desired
time and for any task.

This equipment configuration was developed for use in
a study of algebra problem solving (Sawyer, 1984). How
ever, the method is applicable to any area of research in
which one wishes to collect computer-recorded response
times and written protocols at the same time.

EQUIPMENT

The following equipment was used to collect data: an
Apple II+ computer, one disk drive, a monitor, a real
time clock, and an Apple Graphics Tablet with attached
pen. The Apple Graphics Tablet is supplied with a non
inking pen mechanism, which we replaced with an ink
ing pen mechanism. 1 The graphics tablet was fitted with
a piece of cardboard with a rectangular opening cut in
the middle to ensure that the writing paper was in the same
place on the tablet for all pages for all subjects. Data were
collected from one subject at a time.

SOFfWARE

The documentation provided with the graphics tablet
provides the format and location of input from the tablet.
This information includes the status of the pen (on or off
the tablet) and the X, Y location of the pen if it is on the
tablet. The clock may be read in order to obtain the cur
rent clock time, from which elapsed times are easily cal
culated. In pilot studies, we found that it was sufficient
to record the location of the subject's pen once every sec
ond.? If the subject's pen was not touching the tablet at
the time of a query, the location at which the subject's
pen next touched the tablet and the elapsed time since the
last location were recorded. The times and locations were
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stored in memory until the subject completed one problem.
The subject indicated that he/she was done by pressing
the space bar on the computer keyboard; the computer
program then stored the data on the disk.

The Appendix shows Apple BASIC commands that can
be used to collect data. (All lines of code beginning with
REM are simply comments for purposes of clarification;
they do not affect the execution of the program.)

Lines 100-220 perform several initialization tasks. In
Line 140, the variables X%, Y%, and TI are dimensioned.
X % and Y % hold the X and Y coordinates of the pen
on the graphics tablet, and TI holds the time elapsed since
the last data point was sampled. After the initialization
tasks are completed, Lines 260-330 display the question.

Next Lines 340-410 control the sampling rate and
store the data for each sample point. The program cycles
through these lines until the subject presses the space bar
or 600 data points have been collected (a minimum of
10 min). After the data are collected for one problem,
they are stored on the diskette.

The program may be customized in many ways. For
example, a user can change the maximum time for each
question, present messages to the subjects at selected in
tervals (such as "TAKE A REST BREAK" after 5 min),
and change the content of the statement containing the
question. The program can also be modified to present
and time several questions in succession.

After the subject completes an experimental session,
the data can be analyzed as the researcher desires. Not
only can response time distributions be obtained, but the
written protocol generation sequence can be reconstructed,
because the data provide not only time information, but
spatial coordinates as well. For example, a user can de
termine whether the subject progresses methodically from
left to right and down a page or jumps around on the page.

CONCLUSIONS

The computer system described here can be used to col
lect response times simultaneously with written protocols.
Use of this technique for data collection eliminates the
tedious coding of response times from videotapes as well
as the need to enter the data into a computer for analysis.
This technique is applicable to the study of any task in
which written protocols are used and response times are
desired.
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NOTES

I. Available from Summagraphics Technology, Inc., P.O. Box 2046,
Beaverton, OR 97075. Simply disconnect the original stylus and con
nect the inking pen in its place. No other modification is necessary.

2. A sampling rate of one per second may not be appropriate for other
studies. Pilot work should always be done to ensure that the sampling
rate is appropriate for the particular task.

APPENDIX

10 REM PROGRAM TO COLLECT RESP(t>ISE
20 REM TIMES FROM WRITTEN PROTOCOLS
40 REM COOEO BY TERESA A. SAWYER
50 REM GETTYSBURG COLLEGE
60 REM AUGUST, 1985
70 REM
80 REM INITIALIZE VARIABLES
90 REM
100 OS = CHRS (4)
110 I = 1: REM SAMPLE POINT COUNTER
120 T = 60: REM 60 SEC BETWEEN SAMPLES
130 SL = 7: REM TABLET IN SLOT 7
140 OIM )(/.(600) ,Y'1.(600) ,TI(600)
170 X = PEEK ( - 16187>: REM START CLOCK
180 HOME: VTA8 (5)
190 PRINT "ENTER NAME OF FILE IN WHICH TO "
195 PRINT
200 PRINT" STORE OATA AND PRESS RETURN,"
210 INPUT FS
220 FS = "S" + FS
225 REM
226 REM INIT IALIZE TA8LET
227 REM
228 PRINT D$I"PRM";SL: PRINT "TI,F,C,P": PRINT D$!"PRMO"
230 REM
240 REM DI SPLAY PROBLEM
250 REM
260 POKE - 16368,0: REM CLEAR KEYBOARO
270 HOME: VTAB (5)
280 PRINT "PRESS THE SPACE BAR TO C(t>ITINUE"
290 GET OLt1S
300 IF DLt1S < >"" GOTO 260
310 HOME: VTAB (12): POKE - 16368,0
320 PRINT" 3X + 5 = 29"
330 VTAB (22): PRINT "PRESS THE SPACE BAR WHEN YOU FINISH,"
333 REM
334 REM BEGIN TIMING
335 REM
340 GOSUB 1000:Tl = TS
350 PRINT D$!"INM";SL: INPUT )(/.(J),Y'I.(J),Z/.: PRINT D$;"lNMO": REM READ

TABLET
360 IF Z/. < 0 GOTO 420: REM CHECK FOR KEYPRESS
370 GOSUB 1000:12 = TS
380 IF T2 - TI < T GOTO 350: REM CHECK TIME
385 TI< J) = T2 - TI: REM STORE ELAPSEO TIME
390 I • I + I:TI = T2. REM RESET FOR NEXT POINT
400 IF I ) 600 GOTO 420: REM CHECK NUH OF POINTS
410 GOTO 350. REM SAHPLE NEXT POINT
420 REM
430 REM ENO OF PROBLEM
440 REM
450 HOME: VTAB (12): PRINT "SYSTEM WORKING"
460 PRINT OS;"OPEN" ;F$
470 PRINT D$;"WRITE" ;FS
4BO PRINT FS: REM FILE NAME
490 PRINT I - 1: REM NUH OF POINTS
495 PRINT T: REM SAMPLE FREQUENCY IN SEC(t>IDS
500 FOR J • 1 TO I: REM PRINT COORDINATES
510 PRINT )(/.(J)
520 PRINT Y'I.(J)
525 PRINT TI(J)
530 NEXT J
550 PRINT D$;"CLOSE" ;FS
560 ENO
999 REM
1000 REM SUBROUTINE TO REAO CLOCK ANO C~ERT TIME
1001 REM
1010 PRINT D$;"INM4"
1020 PRINT D$;"PRM4"
1030 INPUT" ";1$
1040 PRINT D$;"INMO"
1050 PRINT D$;"PRMO"
1060 H = VAL ( MID$ (1S,7,2»
1070 M = VAL ( HID$ (1$,10,2»
1080 S = VAL ( MID$ (1$,13,6»
1090 TS = H * 3600 .. M * 60 .. S
1100 RETURN
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